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Foreword 
 
Urbanisation belongs to the most complex and dynamic processes of landscape 
change. Although only about four percent of the worldwide land area are urbanised 
and impervious surface, we claim “the millennium of the cities” since more than half 
of the currently 6.6 billion world population is living in urban areas. Projections for 
the future show that urbanisation – in terms of increasing share of population living in 
urban areas – is very likely to continue.  

In many European countries and regions as well as Japan and the US, the population 
is no longer growing but the amount of urban and transportation land take is still 
increasing. It is a major task of geographical and landscape research to assess and 
evaluate the environmental impacts of this development. What is more, it still remains 
an open question how to achieve such assessment in an integrated manner in terms of 
both disciplines and methods.  

At the same time, in many urban regions population density decreases due to low 
birth rates, ageing and migration, but per capita land consumption from urban and 
infrastructure development still continues to increase. Accordingly, urban regions are 
more and more faced with residential and industrial vacancies, demolition of large 
housing estates and urban brownfields. Both developments, land consumption and 
urban restructuring exert specific pressures on landscapes and it is assumed that these 
pressures lead to a fundamental transformation of natural resource availability, 
ecological structures and, consequently, a potential violation of ecosystem services.  

Excessive urbanisation and urban sprawl are not only a problem because it contradicts 
a normative ideal of landscape and spatial planning. In a multitude of studies it has 
been shown that land consumption is usually detrimental to the environment in 
different regards. Its impact reduces the ability of nature to fulfil human requirements 
and thus impairs ecosystem services and landscape functions in various ways. 
Individual ecosystem services and quality of life aspects that are affected by 
urbanisation include the production of food, the regulation of energy and matter 
flows, water supply, the provision of biodiversity and of health and recreation, the 
supply of green space or natural aesthetic values. 

However – as discussed above – population decline also offers the potential to 
improve environmental quality in urban regions that are deficient as regards green 
and open spaces. The development of a multifunctional green infrastructure at the 
regional (urban region) and (local) city level will be an important strategy in 
restructuring urban landscapes. Moreover, it could provide a major contribution to the 
adaptation of urban regions to socio-demographic as well as predicted climate 
change. Next to urban region in Europe or North America, where most of the 
evidence of urban population and land use dynamics comes from, we identify future 
hotspots of urban (land use) change in terms of Megacities developing first and 
foremost in the Southern hemisphere (Asia, Latin America, Africa).  

Set against this background this Habilitation thesis deals with some of the most 
challenging questions urbanisation demands to be tackled and answered by 
geographical and ecological landscape science: 
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 What are the major drivers of urban land use and lansdscape change today, in 
the next future, and how can we learn from historic changes? More in 
particular: 

o How does demography modify human demands on natural resources, 
real estate, housing space and transportation networks? 

o What are the socio-environmental consequences of ongoing urban 
sprawl and of the opposite process of urban shrinkage characterized 
by large residential and commercial vacancies? 

 How do form, pattern and heterogeneity of land uses affect environmental 
performance, ecosystem services and resource availability? 

 What models and tools can we apply to contribute to urban land use planning 
and landscape management? 

In the following, this Habilitation thesis “Dynamics of urban regions. From theory-
driven data analysis to quantitative models” explores such research questions and 
theoretical considerations by bringing together different research approaches on 
drivers, pressures and the impact of land use change and land consumption in urban 
regions, explicitly including qualitative and quantitative approaches. Thereby the 
thesis introduces a set of new approaches for the analysis of (demographic) driving 
forces of urban land transformation. It explores the room for top-down and bottom-up 
approaches in order to deal with the impact assessment of resulting land use change in 
urban areas at multiple scales (European, national, regional, municipal). Because of 
this scale-specific approach, this work is of typical geographical nature. The thesis 
further highlights alternative conceptual frameworks and indicators for the empirical 
investigation into land use change. In doing so, I adapt existing approaches and 
methodologies of impact assessment of land use change to the context of urban 
decline and restructuring and thus helps to identify strategies for the restructuring of 
urban landscapes and adaptation to environmental (climate) change. 

The Habilitation thesis comprises results of my research work on urban land use 
dynamics from 2001-2008. From a more theoretical point of view my work bases on 
the ideas of a.o. Naveh (2001), Brandt (2001), Wu & Hobbs (2002), Ravetz (2000), 
Müller (in Petrosillo et al., 2007). As indispensable prerequisite in this sense my 
approach of dealing with urban landscapes involves both natural and social science 
components, qualitative and quantitative methodologies. The papers this Habilitation 
thesis consists of result from a range of internationally and nationally funded research 
projects predominantly prepared and written by myself. Titles, objectives and 
methods of these projects are listed in the introduction section. Since project work is 
of collaborative nature, many colleagues, Diploma- and PhD-students contributed to 
the results presented. Therefore, I listed my own contribution to the submitted 
publications in the latter part of the Habilitation thesis. 

 

I am very grateful to many persons that supported my work during the last eight years 
and thus contributed to the finalisation of this Habilitation thesis: first and foremost 
the heads of the Department of Landscape Ecology of the Helmholtz Centre for 
Environmental Research – UFZ, Prof. Dr. Ralf Seppelt (since 2004) and Prof. Dr. 
Rudolf Krönert who both supported my work at the UFZ being available for many 
encouraging discussions. Further, PD Dr. Sigrun Kabisch, head of the Department for 
Urban and Environmental Sociology, contributed to this work since she gave me the 
opportunity to enter the challenging field of demographic change and how social 
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processes and pattern influence land use and shape our landscapes. Thanks also to my 
colleagues from the Department of Comutational Landscape Ecology, Dr. Martin 
Volk and Dr. Nina Schwarz who assisted whenever necessary with useful advice and 
revisions of single parts of the work done. Thanks to both also for many fruitful 
discussions on selected topics of this thesis. I wish to thank very warmely Dr. 
Henning Nuissl for the collaboration about impacts of urban sprawl and land 
consumption. Special thanks also to Dr. Volker Meyer who introduced the 
methodological challenge of multi-criteria-assessment to me.  

In particular, I would like to thank Prof. Dr. Manfred Frühauf from the Department of 
Geography of the Martin-Luther-University Halle-Wittenberg for supporting the 
submission procedure of this thesis at the Faculty of Natural Sciences at the 
university of Halle and for taking over a review of the same. For reviewing the 
Habilitation thesis I am also very grateful to Prof. Dr. Wilfried Endlicher (Humboldt 
University Berlin) and to Prof. Dr. Jürgen Breuste (University of Salzbug). 

I am deeply grateful to all those colleagues I cooperated with when writing the papers 
the Habilitation thesis bases on: Dr. Angela Lausch, Franziska Kroll, Nadja Kabisch, 
Michael Strohbach, Sophie Schetke, Dorothee Mehnert, PD Dr. Carsten F. Dormann, 
Dr. Ullrich Walz, Matthias Rosenberg, Dr. Marco Neubert, Thilo Weichel, Prof. Dr. 
Karsten Schulz, Dr. Annegret Haase, Nicole Weber, Dr. Ullrich Franck, Sebastian 
Scheuer, Kristin Magnucki, Dr. Ellen Banzhaf, Dr. Annegret Kindler, Dr. Heidi 
Wittmer, Prof. Dr. Martin Lanzendorf, Dr. Annelie Holzkämper, Prof. Dr. Hans 
Neumeister and Dr. Judith Gläser. 

In addition to the listed persons I particularly wish to thank my colleagues Dr. Isabel 
Augenstein, Dr. Uta Steinhardt, Dr. Annett Steinführer, Prof. Dr. Christian Opp, Dr. 
Carsten Lorz, Prof. Dr. Stephan Pauleit and Prof. Dr. Felix Müller for many 
discussions, fruitful brainstormings and their help over many years of collaboration – 
next to the pure quantitative outputs such teamwork makes science extremely 
valuable. 
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1. Introduction 
 
 

‘Cities and thrones and powers stand in time’s eye 
almost as long as flowers, which do daily die, 

but as new buds put forth too glad new men, 
out of the spent and unconsidered earth,  

new cities rise again.’ 
Rudyard Kipling 1906 

 

 

Theorising urban dynamics 

Due to the fact that nearly 80% of the European population lives in cities, the socio-
economic and environmental impact of urbanisation and urban regions will tremen-
dously increase in the developing world in the coming decades (United Nations, 
2004, 2007a,b). The socio-economic development and environmental impact are de-
cisive for the future sustainable development of the world since it defines well-being 
and quality of life for the major part of the world’s population (Ravetz, 2000). 
Whereas until recently the urban world sprawls in terms of land consumption and 
globalised together with economy, population decline and ageing will produce shrink-
ing cities in the Northern Hemisphere and, later on, in the Southern world, too. Many 
scholars working on urban demography and economics already deal with the simulta-
neity of growth and shrinkage from a theoretical point of view (Lutz, 2001; Haase et 
al., 2007). 

City regions and urban landscapes are a field of study which is becoming in-
creasingly important. Existing EU-funded programs include a.o. activities on peri-
urban land use relationships acrrued under the project “PLUREL - Strategies and Sus-
tainability Assessment Tools for Urban-Rural Linkages", a "Sustainability Impact 
Assessment" project (SENSOR – both in the 6th Research Framework Program), fur-
ther an EU-project “Urban Sprawl: European Patterns, Environmental Degradation, 
and Sustainable Development (URBS PANDENS)” and an activity on “Urban devel-
opment towards appropriate structures for sustainable transport (ECOCITIES)” both 
running in the 5th Research Framework Program.  

Recently, large international research programmes like the “Alliance for Global Sus-
tainability”, the “Megacity Task Force” of the IGU, the International Human Dimen-
sion Programme (IHDP), the German National initiative on “Research on the Sustain-
able Development of Mega-Cities of Tomorrow”, the “Informal Dynamics of Mega-
cities” funded by the German Science Foundation and, finally, the “Integrated Earth 
Observation System” (EOS) of the German Helmholtz Centres had been established 
in the field of investigating cities, its land use, socio-demographic, health and envi-
ronmental situation and vulnerabilities.  

Urban regions have changed markedly over the past decades and many forward-
looking studies imply that these dynamics will not abate (Champion, 1992). Land 
consumption due to urbanisation and the according land take for socio-economic and 
commercial purposes belong to the most evident environmental pressures on land-
scapes worldwide. In many European countries as well as Japan and the US, the 
population is no longer growing due to low fertility rates, ageing and migration, while 
per capita land consumption from urban and infrastructure development continues to 
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increase (Kassanko et al., 2006; EEA, 2006). Accordingly, those urban regions in-
creasingly faced with residential and industrial vacancies, some even with demolition 
of large housing estates and brownfields (Jessen, 2006). Both developments, land 
consumption and urban restructuring exert specific pressures on landscapes along the 
rural-urban gradient. It is assumed that these pressures lead to a fundamental trans-
formation of ecological structures and, consequently, a potential impact on the provi-
sion of ecosystem services (Boland and Hunhammar, 1999). 

The assessment of the impact of land consumption is a major task of landscape re-
search in general (Wu and Hobbs, 2002; Naveh, 2001). Accordingly, there is a wide 
literature on the effects of land use transition on ecosystem services concerning, for 
instance, landscape clustering and fragmentation (Ewing, 1997; Pauleit et al., 2005), 
disturbances in the water balance (Samaniego and Bardossy, 2006), soil compaction 
(EEA, 2006), air pollution and noise (cf. indicator set by Wiek and Binder, 2005), or 
increased risk of flooding (Bertoni, 2006). Furthermore, we present first ideas on in-
tegrated assessment schemes for entire city regions, drawing on a multitude of disci-
plines and taking account of interlinked urban dynamics, such as suggested by Ravetz 
(2000), Hasse and Lathrop (2003) or, in a more participatory form, Wiek and Binder 
(2005). An open question remains as to how to achieve such assessments in an inte-
grated manner applying diverse methodologies to assess the impacts of policy 
changes on human behaviour, on environmental resources and land use. 

 

Research challenges and contribution of this Habilitation thesis 

Large conflict potentials for the future global development had been identified and 
solutions are urgently needed. Integrated model systems belong to the methodological 
foundations of modern environmental science but still need a considerable improve-
ment when applying it to the urban sphere. Spatial heterogeneity and extreme dynam-
ics of processes and pattern let cities remain both “emergencies” but also “forerun-
ners” in terms of strategic spatial solutions.  

Therefore, a modern framework of analysing socio-demographic, land use and envi-
ronmental processes in complex growing and shrinking urban regions is urgently 
needed as well as for urban regions where growth and where shrinking phenomena 
are dominating urban development. What is more, quantitative approaches that ac-
knowledge the qualitative, innumerable dimension of urban socio-economy are one 
key to bridge theoretic expertise to urban spatial policy. 

The cumulative socio-economic and environmental impacts of urban areas drive the 
future development of larger regions of the world in particular because firstly, chang-
ing land use relationships in cities and their surroundings influence stability, integrity 
and functionality of both the social dimension and the natural system. Second, urban 
regions deeply impact surrounding agrarian and forest ecosystems, watersheds and 
soil resources. In order to ensure sustainability, socio-demographic driven land use 
changes have to be quantified and subsequently assessed in terms of their vulnerabil-
ity for the urban quality of life and urban ecosystems.  

Urban landscape ecological research, as it is understood in this thesis, involves both 
natural science and social science methodologies when developing integrated impact 
assessment schemes. This makes these approaches highly interesting  and relevant to 
solve current environmental problems of city regions with altering dynamics, multiple 
pattern and multi-hierarchical governance structures. 
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Therefore, the Habilitation thesis bridges qualitative and quantitative urban landscape 
ecology since it presents a variety of methodological approaches including statistics, 
multi-criteria indicators, qualitative mapping approaches and quantitative models to 
analyse urban dynamics and to explain urban pattern. Case studies at multiple scales 
serve as practise examples that mirror the theoretical base of the habilitation thesis. 
Compared to existing books on urban ecology or urban planning, this Habilitation 
thesis is first of all looking at primarily quantitative aspects of urban development. It 
involves different types of simulation models and integrated impact assessment 
schemes based on a critical review of existing tools. All sections focus on the poten-
tial of the quantitative analysis of the socio-economic, land use and environmental 
components of the urban system. 

The major innovation of the thesis is a framework that presents how all the different 
socio-economic, planning and natural aspects of urban regions can be conceptually 
and quantitatively linked. As an extremely innovative part of the thesis the conceptual 
and quantitative analysis of urban shrinkage is discussed. The findings on shrinking 
processes base on a broad and unique empirical evidence and is hardly to be found in 
other related volumes in the field of urban research. The application of agent-based to 
endogenise planning and governance into urban quantitative schemes is another chal-
lenging subject of this work. Until now, urban planning often failed in steering urban 
land use development but it is, however, an important con-straint and framework for 
the future development of cities. The examples and applications discussed in the the-
sis will prove evidence of how support planning with quantitatively oriented tools. 
Last but not least, in doing so the book identifies the links of the quantitative and 
qualitative dimension in urban processes, actors and dynamics. 

 

Structure of the thesis 

In order to structure the complex problem setting of dynamics in urban regions and 
land sue change impacts the Habilitation thesis follows the heuristic model shown in 
Figure 1 that illustrates the basic dynamics of urban land use transition: it conceptual-
ises human-environmental interactions as the exertion of land use pressure (chapter 
3), caused by societal – in this thesis mainly demographic – and natural driving forces 
(chapter 2), on the natural resources, landscape fucntions and ecosystems, leading to a 
modified state of the environment that exerts particular impact and feedbacks to the 
driving forces again (chapter 4). The scheme further shows that the (multi-criteria) 
evaluation of land use impacts and thus the link to land use planning and governance 
in explicitly included into both conceptual approach and quantitative solutions (also 
given in chapter 4). 
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Figure 1 Structure of this Habilitation thesis which follows a heuristic flowchart that illustrates the 
basic dynamics of (urban) land use transition. The flowchart builds upon the model of “Driving Forces, 
Pressure, State, Impact and Response” (DPSIR-model) which is widely used in interdisciplinary envi-
ronmental research as well as in policy documents. Basically, it conceptualises human-environment 
interactions as the exertion of pressure, caused by societal driving forces, on the environmental media, 
leading to a modified/new state of the environment that exerts particular impact. It is then essential to 
the DPSIR-model that this impact possibly has a feedback effect on the driving forces (Brand, 2000; 
Ravetz, 2000). The five key notions of the DPSIR-model are indicated at the respective places in Figure 
2; the arrows in the graph reflect the chain of causation assumed by the model (cf. Nuissl et al., 2008). 

 
Following the DPSIR-model framework, the Habilitation thesis is organised as fol-
lows:  

 Chapter 1: Introduction (sketching the state-of-the-art and research challenges 
in the field of urban land use dynamics), 

 Chapter 2: Urban land use dynamics – processes and pattern, 
 Chapter 3: Model approaches analysing urban land use change, 
 Chapter 4: Impact assessment of land use change, 
 Chapter 5: Conclusions and outlook. 

 
For information purpose, Table 1 lists all projects relevant for the conceptualisation 
and results’ achievement of this Habilitation thesis and briefly introduces project title, 
duration, objectives, methods and funding modi. 
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Table 1 Projects contributing to the results and papers used for the Habilitation thesis 

Project Title Objectives Methods Funding 

PLUREL 
(2007-2010) 

Develop a conceptual model with quan-
titative response functions for regional 
scale land use-relationships 

Derive a set of socio-demographic, 
economic and environmental indicators 
to assess regional scale land use rela-
tionships  

Study agent behaviour and decision 
making using qualitative mapping and 
quantitative modelling approaches and 
derive land use demands at local level 
driven by individual (agent) behaviour 

Study land development patterns for 
(extreme) growth and (extreme) shrink-
age scenarios at local level (selected 
case studies) 

Relate socio-demographic, economic 
and environmental indicators into an 
integrative indicator matrix as land-
scape response functions  

Statistics (Bi-variate 
and multi-variate re-
gression, cluster analy-
sis, factor analysis, 
time series analysis) 

Cellular automata 
modelling (MOLAND 
model framework) 

Agent-based modelling 
(ABM) 

Rule-based modelling 

Habitat modelling 

Numerical simulation 
based on differential 
equations 

Mapping (GIS) 

Knowledge elicitation 
tools (Interviews, 
games) 

EC 

NeWater 
(2005-2009) 

Participative model development (sci-
entists & stakeholders) 

Incorporation of community, local and 
tacit knowledge into models, monitor-
ing systems and DSS (of management 
regimes) 

Main focus on learning processes using 
tools and participative tool development 

Bridging the gaps a) between qualita-
tive and quantitative data, b) tool devel-
opment and use (improved design) 

Participative modelling  

Causal-Loop-
Diagramming 

Knwoledge elicitation 
tools (KnETs) 

MULINO Decision-
Support-System (DSS) 

System Dynamics 

SWOT analysis 
(Strengths, Weak-
nesses, Opportunities, 
Threats) 

Waterwise 

Adaptive Monitoring 
Information System 
(AMIS) 

EC 

FLOODsite 
(2005-2009) 

Measuring and evaluation of flood 
impacts on landscapes 

Multi-Criteria-
Analysis (MCA) 

TRIMR2D nummer-
cial inundation model-
ling 

 

 

EC 
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3ZM-
GRIMEX 
(2007-2009) 

Modelling of urban flooding under 
different scenario frameworks 

Coupling of superficial flooding (2D 
simulation), drainage network and 
groundwater flows 

Scenario technique 

TRIMR2D, RISOSIM 
inundation models 

HYSTEM EXTRAN 
drainage model 

PC GEOFIM ground-
water model 

Coupling software 
MPCCI 

National 

Program- 
oriented re-
search (POF, 
2005-2008) 

Simulation of future land use develop-
ment of urban regions, analysis of re-
sulting pattern and processes and envi-
ronmental impacts (using the example 
of the city of Leipzig) 

Rule-based modelling 
using SELES 3.1/3.2 

Agent-based modelling 
(ABM) 

Statistics  

National  
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2. Urban land use dynamics – processes and pat-
tern 

 
 

‘The first question for any city is  
how it shelters its people.’ 

Joe Ravetz 2000  
 
 

2.1. Overview  
Population dynamics as driving force 

Urban regions and their city cores are highly complex systems and appear in many 
different spatio-temporal connotations (Batty, 2008). In terms of urban population 
development and land consumption urban scholars stress that urbanisation is far from 
being a uniform, linear process and rather affects urban areas in different ways (Mar-
shall, 2007). In this sense, the role of post-war suburbanisation is overstated in its 
importance for present urban development since it assumes on-going future growth 
(United Nations, 2004, 2007a). By contrast, Oswalt and Rieniets (2005) and Turok 
and Mykhnenko (2007) bring the decline of urban populations into play for a growing 
number of European cities and worldwide defining it as shrinkage. At the same time, 
a resurgence of the city core is postulated based on empirical findings from a range of 
case studies around the globe (Ley, 1993; Lever, 1993; Frey, 1993; Broadway and 
Jesty, 1998; Ogden and Hall, 2000; Badcock, 2001; Seo, 2002; Buzar et al., 2007). 

Within the global context of urban development, an increasing urbanisation is ob-
served since worldwide the share of urban population exceeds 50% and more than 
75% of Europeans live in urban regions (United Nations 2007a, b; Dye, 2008; Mont-
gomery, 2008). However, whereas the urban population increases in total numbers, 
urban population growth rates slow down mainly due to falling total fertility causing 
a negative natural population growth (United Nations, 2004). This slowdown in urban 
population change is interpreted as bigger change than rural population decrease 
which is accelerating (Champion, 2008). At least since a recent United Nations expert 
group meeting on population distribution, urbanisation and internal migration and 
development took place, the discussion on new forms of urbanisation is on the politi-
cal agenda. Particularly in the focus of European urban development, the question 
comes up whether it is possible to identify new overall patterns of diverse urban 
population dynamics including urban growth and decline specified for city cores and 
the adjacent fringe areas. 

Demographic change has become a major topic for European urban regions and their 
adjacent rural periphery. Growing and shrinking regions exist simultaneously next to 
each other within urbanised regions mainly due to low birth rates, an increase in life 
expectancy, changing household structures and, first and foremost, high dynamics of 
migration (Kabisch et al., 2006). The trend towards further urban growth and disper-
sion observed in the 1980s in western Europe and later on in the 1990s in East Central 
Europe is increasingly accompanied by processes such as urban shrinkage and perfo-
ration. Moreover, data on inner-urban migration allow us to assume a certain return of 
the compact city (Buzar et al., 2007). This paper argues that many of the spatial de-
velopments and land use changes in urban regions are effects of demographic change. 
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They are closely related to both the balance of supply and demand in changing con-
sumer relations between space, natural resources and population. 

Whereas social scientists and economists intensively discuss the impact of demo-
graphic change upon social structure, cohesion and the labour market, only a few 
studies refer to the spatial and land use impacts that are caused by demographic 
change (Heiland, 2006). What are the spatial effects of demographic change in urban 
regions? Does a population decline automatically mean a reduced number of consum-
ers of urban ecosystem services (water, energy consumption; urban green) or a de-
crease in urban land consumption? Or will population decline simply lead to an in-
crease in unused and waste land, and low density urban areas (Berg et al., 1982)?    

To answer these questions, we need first of all to shed light on the spatial distribution 
of population, age spectra, households and migration in urban regions. Second, we 
have to identify on the relationship between population change, residential mobility 
and the demands on residential land, urban infrastructure and recreation areas. Refer-
ring to stability and security aspects, in particular the long-term stabilisation of urban 
regions under demographic decline in terms of compactness of settlements and con-
sumption of natural resources is of interest. Set against this background, it is the pur-
pose of the chapter to analyse the trends and spatial pattern of the impact of demo-
graphic changes in urban regions. 

 

Demographic change and land use dynamics 

Demographic change is becoming increasingly more important in political and plan-
ning discussions, given that it is considered to be an important factor for future land 
use development and urbanisation throughout the whole of Europe (United Nations 
2007a,b). The Millennium Ecosystem Assessment states that demographic develop-
ment is an essential driver for ecosystem and land use change (Nelson et al., 2006; 
EEA, 2006). As in most European countries, demographic development in Germany 
is mainly characterised by a declining and rapidly ageing population due to a fertility 
that is below replacement and an increasing life expectancy (Edmonston, 2006). An-
other important aspect of demographic change is the decline of the average household 
size in line with what demographers describe as the Second Demographic Transition 
(SDT; Lesthaeghe and Neels, 2002; Steinführer and Haase, 2007). However, long-
term data sets on household dynamics and household types put into relation with land 
use dynamics are still rare (Haase and Haase, 2007).  

In addition to a decrease in fertility, migration can be an even more determining fac-
tor that influences population size and age structure (Flöthmann, 2003). Ever since 
the German reunification in 1990, migration fluxes from eastern to western Germany 
and from the core cities to the suburban regions have been observed (Nuissl and Rink, 
2005). Rural regions in eastern Germany have particularly suffered from population 
decline and a growing proportion of elderly people whereas most suburban and rural 
regions in the western part of the country are still experiencing population growth 
(Müller and Kilper, 2005). Demographic processes, of which the migration rate is of 
prime importance, are having significant impacts on urbanisation. Ruderalisation and 
land abandonment in rural areas are becoming more and more observable. However, 
ongoing construction activities in the suburban areas of eastern Germany’s shrinking 
cities are creating an urban-sprawl and resulting in the perforation of residential areas, 
and a decreasing settlement population density (Nuissl and Rink, 2005). 
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Currently, population decline is regarded as an opportunity to increase the 
sustainability of land use by decreasing the further sealing of open areas for housing 
and transport (Haase et al., 2007), although there is still almost no evidence on the 
accuracy of this relationship. Through its national sustainability strategy the German 
Federal Government (Federal Statistical Office, 2007) hopes to limit new land 
consumption for housing and transport purposes to 30 ha per day up until 2020. This 
target, however, still seems to be well out of reach, as a noticeable trend towards a 
decreasing amount of land consumed for housing and transport is not yet visible. 
Thus, the effects of a declining and ageing population on the development of 
residential and transport areas are of particular interest to  national and regional 
policy makers.  

In the current literature, contradicting assumptions about the relationship between 
demographic change and land use have been found. A declining population is not 
necessarily followed by a decline in development or even a decrease in urban land 
(German Federal Environment Agency, 2003; Couch et al., 2005). The reasons for 
this can be attributed to a decreasing household size and a rise in housing demand 
regardless of population decline. In contrast, Wolf et al. (2004) expect a future 
decline in urban area growth in regions with a decreasing population. In addition, 
abandoned agricultural land and the growth of forest and natural land following the 
depopulation of rural areas are considered to be a likely scenario (Bruns et al., 2000). 
However, a quantitative analysis of a relationship between demographic and land use 
change at the regional scale is still missing. 

 

Voices of return? Demographic reasons for a resurgence of cities and reurbanisation 
as a process of (re-)densification of core city areas 

Since the beginning of the post-socialist transition in 1989, east German cities have 
been affected by dramatic processes of population loss, mainly due to out-migration 
to western Germany, suburbanisation, a decrease in birth rates to lowest-low levels 
(Kohler et al., 2002) and subsequent ageing processes. At the end of the 1990s, 
almost all cities and towns in east Germany were shrinking: in only ten years, they 
experienced a loss of more than 15% of their inhabitants. Especially the big cities 
such as Leipzig, Dresden, Halle etc. lost between 1989 and 1998 10-20% of their 
population. At present, east Germany is forming a “pole of shrinkage” together with 
other post-socialist countries of eastern Europe (Turok and Mykhnenko, 2007; Haase, 
D. et al., 2008a).  

Since 2000, however, a reversal of trends has been observed: Some cities and bigger 
towns are no longer losing population, but re-gaining inhabitants. Positive migration 
balances are mainly based on intraregional in-migration (from east German regions) 
and a considerable decline in out-migration. People increasingly prefer to stay in the 
city, while suburbanisation processes, artificially pushed by subsidies during the 
1990s, have almost stopped (Herfert, 2007). In this vein, a discourse about a 
“comeback” of urban living i.e. reurbanisation, as a future scenario for a number of 
big cities in eastern Germany has evolved (Haase, A. et al., 2005a; Haase, D. et al., 
2008b; Köppen, 2005).  

Reurbanisation is discussed at present also in the UK and other European countries 
(Buzar et al., 2007; Colomb, 2007) and the US (Cheshire, 2006). However, the east 
German case shows an “atypical” or somehow “specific” pattern, insofar as it refers 
to shrinking cities and, even more, parts of entire landscapes. It has become an issue 
of scientific and planning debate against the background of the achievement of 
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sustainable urban development with respect to declining population numbers, under-
use of urban infrastructure and endangerment of the functionality and liveability of 
cities. To be able to make reliable conclusions on both current and future trends of 
urban stabilisation, reurbanisation needs to be analysed in more detail concerning its 
major characteristics, progress and resulting socio-spatial dynamics. First and 
foremost, it has to be determined whether reurbanisation represents a long-term trend 
of inner-city stabilisation in eastern Germany or features only short-term tendencies. 

The following publications comprehensively and innovatively contribute to answer 
the theoretical questions raised above using methods of quantitative, mostly statistical 
data analysis and distilling the information of the listed publications. 
 

2.2. Urban population dynamics in Europe 

Kabisch, N., Haase, D. submitted. Diversifying European agglomerations: 
evidence of urban population trends for the 21st century. Population, Space and 
Place. 

(Reprint of the paper cf. Annex A1) 

Summary and Conclusions 
 
Urban scholars stress that urbanisation is far from being a uniform process. Often the 
role of post-war suburbanisation is overstated in its importance to present urban 
development. At the same time, the resurgence of the city core is postulated. To shed 
light on current urban population change this paper examines recent trajectories of 
European urban agglomerations. It represents the first comparative analysis of 158 
agglomerations of the EU-27. Using contingent population data from 1991 to 2004, 
evidence of diversifying population trends for city cores and fringe areas is 
highlighted.  
 
A data base on European urban regions at the spatial NUTSX level was developed. 
The analyses we choose were applied to different spatial scales of an urban 
agglomeration: the city core (national political, administrative definitions) and the 
fringe area (urban hinterland of the surrounding municipalities from which a 
significant share of the commuters origin). The distinction was made, since an urban 
agglomeration is more than the built-up area of a city (which serves rather as a 
morphological criterion to distinguish different land uses within the agglomeration 
itself), and functionally comprises the commuting zone around a city core. The same 
concept of the “Functional Urban Region (FUR; Commission of the European 
Communities, 2004)” was already used by Berg et al. (1982). To identify stages and 
trajectories of urban development, time series variance analyses were conducted for 
three time slots, that is 1991-1996, 1996-2001 and 2001-2004.  
 
The population change rate serves as the explanatory variable for the variance 
analysis of the complete data sample and of the sub-samples by size, which were 
distinguished according to their total population number in 2004: small LUZ with 
<400,000 inhabitants, medium sized LUZ with a total population of ≥0.4 and <1 
million inhabitants and large LUZ with ≥1 million inhabitants. It was also used for 
the regional sub-samples for Northern, Western, Southern and Eastern Europe 
(United Nations, 2008). 
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We found that particularly the sequence of suburbanisation, desurbanisation and reur-
banisation altered. Whereas suburbanisation reinforces, desurbanisation partially de-
creases in favour of an initial reurbanisation. Smaller agglomerations of less then 
400,000 inhabitants decline, whereas the city cores of larger agglomerations tend to 
regain residents. European cities result to be very heterogeneous in recent population 
change dynamics. They form clusters of growth and decline trajectories after 1990 
and support a new spatial picture of the urbanisation of European agglomerations. 
 
Basing on significant statistical relations, this paper presented a first comparative 
analysis from different urban agglomerations of the EU-27. Their long-term popula-
tion trajectories on city core and fringe area level were analysed by using consistent 
population data of 158 agglomerations which date from 1991 to 2004. Further, it was 
explored whether there are important differences in population development due to 
the size of the agglomerations and their regional distribution in Europe. 
  
It is concluded that there is evidence of diversifying population trends of both city 
cores and the fringe areas across Europe. Particularly the city cores’ population de-
creases since 1991 but shows positive values since 2001, whereas on the other side, 
the fringe areas face positive population change rates over the entire time. With re-
spect to the cyclic model of the stages of urban development our findings show that 
the consecutive order of the stages, the sequence, has changed or reversed, that is a 
“push back” into suburbanisation, but also an acceleration in the frequency of the 
cycle, that is a disappearance of the desurbanisation stage in favour of an emergence 
of reurbanisation. Varying population dynamics for different city sizes were pre-
sented. Here, positive population change rates of the large and medium sized cities 
were identified, meaning increasing change rates over time whereas the small ag-
glomerations appeared with barely growing change rates entering total decline in 
2001.  
 
Regarding the attribute of location in Europe a rise in suburbanisation in Western and 
Southern Europe appeared since 1996 accompanied by a drop of desurbanisation in 
favour of  evolving reurbanisation processes. Contrary trajectories were found regard-
ing Eastern Europe that has to tackle severe decline but experienced a recent slight 
recovery of the LUZ. The regional clusters and population dynamics behind found 
clearly support a new spatial picture of the urbanisation of European agglomerations. 
What is more important, since time-series data and analyses were used, the trajecto-
ries of different European urban agglomerations can be explained in terms of their 
stability. The new patterns showed over time add to present urban research and plan-
ning since they give the opportunity of thinking about a long-term urban policy de-
velopment.  
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2.3. Land use impacts of demographic change  

Haase D., Seppelt R., Haase, A., 2007. Land use impacts of demographic change 
– lessons from eastern German urban regions. Petrosillo, I., Müller, F., Jones, 
K.B., Zurlini, G., Krauze, K., Victorov, S., Li, B.-L., Kepner, W.G. (Eds.) Use of 
Landscape Sciences for the Assessment of Environmental Security. Springer, pp. 
329-344. 

(Reprint of the paper cf. Annex A1) 

Summary and Conclusions 
 
Demographic change has become a major topic regarding the use and stability of 
European urban regions. It can be seen as the major driving force responsible for 
“growth” and “non-growth” or “decline” pathways in urban regions for the coming 
decades. Growing and shrinking urban regions do exist simultaneously next to each 
other. The trend towards further urban sprawl and dispersion observed in the 1980s in 
western Europe and the 1990s in East Central Europe accompanying the transition 
process are about to be replaced by shrinkage and perforation. This is mainly due to 
the recent decrease in birth rates, ageing and shifting household structures. This chap-
ter analyses the trends and spatial patterns of the impact of demographic changes in 
urban regions. In the first part different features of demographic change are presented. 
In the second part, the paper expands on how demographic change affects urban land 
use, fabric, housing markets, infrastructure and greenery. Since eastern Germany has 
been shrinking substantially since 1990, the paper uses this example to show a case in 
point embedded into the overall European context. 
 
As discussed in this paper, demographic change considerably impacts on recent 
shrinkage and perforation processes in eastern German urban regions. Except singular 
empiric results, a comprehensive quantification of these impacts on land use pattern is 
still to be done. Does, for example, a decreasing population reduce land consumption 
at the urban periphery in a long-term perspective (Heiland, 2006)? Up to present, 
there is no evidence for a direct relation between the two processes. And further, does 
shrinkage allow for the improvement or, at least, for a stabilisation of environmental 
quality in formerly growing, densely built urban areas? 
 
Demographic change means above all a change in the total number of people, age 
class distribution, a modification in household structures and a rising impact of mi-
gration. Whereas population decline in western German urban regions is yet on a 
moderate level (Ø -1496 inhabitants per year from 1995 to 2004), eastern German 
urban regions are affected already for 15 years by significant shrinkage processes: 
low birth rates, high out-migration and ageing rates (Ø -10365 inhabitants per year 
from 1995 to 2004). There, we find a coincidence of seemingly contradictory urban 
processes: first, although on a low level since the late 1990s, there are traces of pre-
vailing dynamics of suburban growth (single and semi-detached house settlements, 
new ‘housing parks’) with adjacent land consumption (commerce and industry) at the 
urban fringe. Second, at many places, increasing process of depopulation and related 
shrinkage calculated according to residential vacancy, perforation, demolition and 
deconstruction in the core city areas can be observed. A thinning out of recent urban 
fabric and population densities are the consequence. Third, counteracting decline, we 
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find also processes of stabilisation of the housing function as well as increasing popu-
lation numbers in some inner-city areas. 
 
The analysis further discussed the fact that demographic change already endangers 
the infrastructural viability in urban areas that are affected by massive decline. With a 
declining population density, critical thresholds for the viability of technical, transport 
and social infrastructures and in public facilities are reached already now. There are 
coming up new debates on how to ensure and finance the supply of the remained in-
habitants in areas undergoing demolition of housing stock. Due to a thinning out of 
social and administrative infrastructure and a decrease in individual accessibility, 
daily travel times might increase although the population decreases. To put it differ-
ently: Demographic change on its own does not solve the problem of land and re-
source consumption, and it does not automatically bring about higher environmental 
quality for urban regions either. 
 
I think that the questions addressed concerning the potential impact of demographic 
change on urban regions have to be answered jointly by demographic, social, urban 
and landscape science like the interdisciplinary authorship of this chapter under-
scores. To what extent and how demands on natural resources and space will really 
change under the condition of population decline and shrinking urban regions? Do we 
have to consider a long-term change in demand-supply-relations which result either in 
ecological benefits or in new threats? The question whether future land developments 
along the rural-urban gradient will be characterised either by polarisation between 
core city and surrounding areas or by a widespread lowering of densification in the 
form of perforation has to be left for future comprehensive and comparative analyses 
of urban regions throughout Europe. 
 

Kroll, F., Haase, D. submitted. Does demographic change affect land use pat-
terns? A case study from Germany. Land Use Policy. 

(Reprint of the paper cf. Annex A1) 

Summary and Conclusions 
 
Recent demographic change, mainly characterised by a decreasing and ageing popu-
lation, is seen as one of the main factors for future land use development in Europe. 
However, there is still insufficient evidence about the relationship between demo-
graphic changes and land use changes since quantitative studies dealing with these 
interactions are still rare. We aim to fill that gap by presenting the first comprehen-
sive study that investigates statistical relationships and spatial differentiations be-
tween demographic and land use change for the whole of Germany. Our study is 
based on data for the period from 1995/96 to 2003/04. The results clearly show that in 
most growing regions in the West of Germany a correlation was found between land 
use, natural population growth and net-migration, whereas for land use change in the 
shrinking regions in the East of Germany  economic variables are of noticeable im-
portance. A cluster analysis reveals “gaining” and “shrinking” regions concerning 
both urbanisation and demographic change. Neither a decreasing nor an ageing popu-
lation imply reduced land consumption for housing and transportation. Furthermore 
we found a decreasing settlement population density for almost all German counties 
regardless of population growth or shrinkage. 
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As one of the first comprehensive studies on quantitative relationships between 
demographic and land use change, our analysis shows that the declining population in 
core cities and rural areas in the East of Germany does not accompany a decrease in 
land consumption, as economic processes seem to be of far greater importance for 
land use changes here. So far the ageing population has not yet had any detectable 
effect on land use changes, but this will change in the future, if the per capita housing 
area of elderly people contiunes to increase. The cluster analysis reveals that the 
counties with the highest land consumption per capita are located in the rural areas of 
north-western Germany. Apart from suburban counties with significant immigration, 
the settlement population density decreased across all counties including both eastern 
and western Germany. Hence, we are striding away from the goal of sustainable land 
use regardless of the reality of demographic change. 
  
The findings of the paper prove that demographic change will not “solve” the prob-
lem of land consumption in Germany. However, it clearly identifies where both 
demographic and land use change lead to a more concentrated or even scattered de-
velopment with increasing land consumption per capita at the least. The clusters that 
we identified give planners more support when considering regional specific policy 
options for dealing with demographic and land use change rather than clutching to an 
overall national 30 ha goal. 
 

2.4. Processes of reurbanisation  

Haase, D., Haase, A., Bischoff, P., Kabisch, S., 2008. Guidelines for the ‘Perfect 
Inner City’ Discussing the Appropriateness of Monitoring Approaches for 
Reurbanisation. European Planning Studies 16(8), 1075-1100, DOI: 
10.1080/09654310802315765. 

(Reprint of the paper cf. Annex A1) 

Summary and Conclusions 
 
In this paper, we analyse the appropriateness of monitoring approaches for the obser-
vation of inner-city reurbanization processes. Reurbanization is conceptualized here 
as a process of long-term stabilization of inner-city areas by both a readiness of pre-
sent residents to stay and an influx of new residents. It has been recently re-set on the 
top of the European urban research agenda since non-growth has proved to be a major 
path of future development for many European cities. Recent research evidence 
across Europe underscores the fact that reurbanisation depends much on local settings 
of institutional, socio-economic and infrastructural factors. 
 
To foster a clearer understanding of the nature and dynamics of local reurbanization, 
to assess its extent and progress and, what is more, to help practitioners to shape sus-
tainable policy initiatives appropriate to the respective context, reurbanization needs 
to be observed over the long term. The complex character of reurbanization sets new 
challenges for monitoring approaches and indicator-based tools. Due to the genuine 
relation of the present debate on reurbanisation to the phenomenon of non-growth or 
the return of the compact city, the focus in this paper is set on demographic develop-
ment trends and their impact on inner-city change. In this vein, our paper presents a 
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monitoring design and a respective newly developed indicator set for reurbanisation 
which focuses more on the initial recognition of reurbanization than on its long-term 
stability. 
 
Methodically, chances and limits of the integration of household-related indicators 
and qualitative knowledge on reurbanization into monitoring tools are highlighted. 
Empirical and statistical evidence is taken from a recently completed EU FP 5 re-
search project and from municipal surveys. 
 
In this paper, we have analysed the demands and prerequisites for a monitoring of 
inner-city reurbanization processes. We contrasted the complex reality of reurbaniza-
tion as a household-related inner-urban change with the body of hitherto existing ap-
proaches and ideas of urban monitoring. There is still missing an urban monitoring 
approach to detect reurbanisation in terms of both the qualitative and the quantitative. 
Starting from a number of new requirements that reurbanization sets up for a long-
term observation of inner-city reurbanization, we introduced a set of indicators with 
demographic focus that were based not only on sizeable but also on qualitative infor-
mation. We presented a design to study and monitor reurbanization processes in the 
initial (more quantitative) recognition state, which has been the focus of this paper. 
There is envisaged a further test and refinement of the indicators and in particular 
their operationalization. For the city of Leipzig, the evidence of the indicators was 
tested by means of small-scale municipal data for all urban districts. Cross-
referencing our findings, the following conclusions can be made. 
 
First, it became clear through evidence that previous monitoring approaches did not 
fully apply for reurbanization as a complex development. This complexity is espe-
cially evident because of the close interplay of reurbanization with demographic and 
household shifts and the related altering housing preferences that need to be consid-
ered. Second, according to these aforementioned specifics, the indicator set is based 
on demographic indicators. It further incorporates additional ones to monitor a more 
complete picture of what is reurbanization. In particular, the approach presented here 
meets the specifics of reurbanization in a primarily qualitative demographic under-
standing. Third, for the first example of Leipzig, the baseline indicators and the whole 
set, represented by some examples, passed the test and confirmed the assumptions 
made previously for reurbanization-sensitiveness of inner-city districts in Leipzig. 
Fourth, hitherto results demand further application for other local contexts, a feed-
back discussion of the indicator set by using newly-gained knowledge from the statis-
tical tests and, in addition, an enlargement of the tests in terms of further indicators, 
rankings and cross-comparison of dependent indicators. 
 
The monitoring design is predominantly understood to serve as an academic instru-
ment for scientific cooperation. It further supports scientist-stakeholder communica-
tion. Observed from a more operational angle, the indicator set can be incorporated 
into different existing (monitoring) instruments and thus serve as a completion tool 
for specifically recognizing reurbanization processes. For the case of Leipzig, the 
monitoring design and indicator set presented here represent, without a doubt, a quali-
tative enhancement of the existing residents’ survey (“Bürgerumfrage”), as well as 
the annual monitoring programmes (Stadt Leipzig, 2003, e.g. for the residential mar-
ket the questionnaire-based expert-panel “Wohnungsmarktbarometer”). For the latter, 
the new indicator set offers precise characteristics and distribution of residents who 
relocate. At a more scientific stage, it is planned to include reurbanization into a web-
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based observation system for urban sustainability (IGNIS; Hartmuth et al., 2006) or 
into already existing web-presentations of cities (e.g. City of Bologna). 
  

Kabisch, N., Haase, D., Haase, A. accepted. Evolving reurbanisation? Spatio-
temporal dynamics exemplified at the eastern German city of Leipzig. Urban 
Studies. 

(Reprint of the paper cf. Annex A1) 

Summary and Conclusions 
 
After a decade of tremendous population loss indicating severe decline, some big east 
German cities have been displaying signs of reurbanisation since the late 1990s. Us-
ing the example of the city of Leipzig, this paper identifies major characteristics, pro-
gress and underlying spatio-temporal dynamics of reurbanisation. It examines 
whether it is a long-term process of urban living or features only short-term tenden-
cies. It applies socio-demographic indicators to observe the development of  inner-
city districts. At the spatial scale of municipal districts time series data are analysed 
for the years 1993 to 2005. The paper argues that reurbanisation has occurred primar-
ily in inner-city districts and has undergone considerable progress since the early 
1990s. However, the spatio-temporal distribution of relevant indicators shows that 
reurbanisation is far from being a homogeneous process. In light of this, the paper 
presents a ring of reurbanisation-sensitive local districts around the city centre. 
 
In this paper, we have presented quantitative spatio-temporal analyses of reurbanisa-
tion based on socio-demographic indicators out of an interdisciplinary indicator set 
for reurbanisation processes. Using the example of the east German city of Leipzig, 
we set up five hypotheses to identify basic characteristics of reurbanisation. We fur-
ther explored whether reurbanisation is related to certain local settings of spatial, 
socio-economic and residential-environment factors. Moreover, we analysed whether 
reurbanisation shows tendencies to be a long-term process instead of being only a 
temporary phenomenon. In order to test these assumptions, small-scale municipal 
time-series data for the 63 urban districts from 1993 to 2005 were analysed. 
  
Summarising, we come up with the following conclusions: Firstly, we found small 
(i.e. one and two-person) households to be the drivers of reurbanisation in Leipzig. 
Set against the background of overall trends of downsizing of households and increas-
ing importance of living alone, it became clear by evidence that the current reurbani-
sation is favoured by these trends. Secondly, we identified young households, particu-
larly the age class of the 20..30s, as reurbanites who settle in inner-city districts mak-
ing use of their central location what means short distances to work or education as 
well good connection to other urban amenities. 
 
Comparing the direct indicators of reurbanisation with some other, seemingly related 
indicators, we found, thirdly, both increasing as well as decreasing correlations. 
While the statistical analysis points to a positive relation between reurbanisation and 
the numbers of doctors and SME, it is not the case for kindergartens and schools. We 
unveiled that it is indispensable to look at the processes behind the data to be able to 
interpret them properly. 
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Through a cluster analysis, we determined, fourthly, those districts where reurbanisa-
tion processes are observable since the end of the 1990s. A considerable share of 
these districts showed consistent significant characteristics of reurbanisation from 
1999 to 2005 and were therefore classified as the “Young Reurban Cluster” with at 
least a mid-term perspective.  
 
We conclude that Leipzig is a case in point to analyse reurbanisation processes that 
focus on the inner city and younger households but might even affect outer districts 
and other residential groups like families and elderly in the future. Comparative views 
to other east German and even East Central European cities (Haase, A. et al., 2007) 
show that the described trends are of an overarching importance and not locally spe-
cific. Whether they are really long-term or merely represent a phase of inner-city re-
consolidation within a broader cycle of development under the conditions of popula-
tion decline has to be left for future research.  
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3. Model approaches analysing urban land use 
change  

 
 

‘Prediction is never easy, 
 especially where it concerns the future.’ 

Paul Dirac 
 
 

3.1. Overview  
Mapping of land use change 

Unlike in previous ages, landscape development in Central Europe is currently char-
acterised by mainly anthropogenic processes affecting almost the entire landscape 
(Ravetz, 2000; Antrop,  2000; Konold, 1996). Many of these processes are almost 
imperceptible when viewed over shorter periods and appear to be of little conse-
quence. In the long term, however, they may well lead to changes in the carrying ca-
pacity, water balance and usability of the landscape. Landscapes in this paper are 
understood as dynamic and open systems where biophysical, social and economic 
factors mutually interact and are structured in heterogeneous patterns in different 
space and time frameworks. Cultural landscapes have a strong historical background 
to be considered today (Bastian and Steinhardt, 2002). Changing landscapes, espe-
cially changes in the way in which land is used, result in alterations to the landscape 
structure—and, hence, also to the abiotic and biotic functions and potential of a land-
scape. The general trend of landscape development in Central Europe is heading to-
wards more monotonous, less diverse landscapes combined with the impairment of 
landscape functions over large areas (Antrop, 2000). The diverse conditions charac-
terising natural areas are being increasingly narrowed down while the landscape bal-
ance is being permanently altered. 

In Central Europe, a region dominated by anthropogenic development for housing, 
trade, industry and intensive agriculture, in addition to their natural attributes land-
scapes are mainly characterised by multiple usage and -, hence, usage conflicts (An-
trop and van Eetvelde, 2000). Not just a 20th-century phenomenon, this multiple us-
age has in fact evolved over a period of centuries - although the period since World 
War II has been dominated by the human exploitation of natural resources such as 
soil, water and flora, fauna and space/area itself due to urban expansion on a far 
greater scale than ever before (Bastian and Schreiber, 1999; Nuissl and Rink, 2005). 
The expansion of the land used for forestry, water, urban settlement and transport is 
continuing unabated. Moreover, at present the phenomenon of shrinking urban set-
tlements due to population decline (decreasing birth rates, out-migration) and result-
ing land abandonment and residential vacancy characterises large parts of Central 
Europe (Lutz, 2001, 1996). Although population growth, the major driver for land use 
and landscape change over centuries, has lost its dynamic in Central Europe, increas-
ing migration fluxes at the regional and international level must nevertheless be taken 
into consideration. Furthermore, open spaces are subject to greater fragmentation by 
technical infrastructure owing to intensive road construction arising from an increased 
mobility of our society and related transport infrastructure construction (Jaeger, 2002; 
Walz, 2005b). The intensification of farming has resulted in an increase in the aver-
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age size of individual areas used for agriculture, increasingly attributed to land redis-
tribution and drainage combined with the disappearance of structural elements of the 
landscape (Dosch and Beckmann, 1999). Especially in the Eastern part of Europe, the 
socialist planning regime led to extremely large management units. On the other 
hand, the total amount of land used for agriculture is declining due to economic de-
velopment and agri-environmental policy of the European Union (BBR, 2002; ESDP, 
1999). 

 
Modelling urban land use change: opportunities and challenges 

Urbanisation belongs to the most complex and dynamic processes of landscape 
change. Although only about 4% of the worldwide land area are urbanised and im-
pervious surface (Ramankutty et al., 2006), we claim “the millennium of the cities” 
since more than half of the currently 6.6 billion world population is living in urban 
areas (UN, 2007; PRB, 2007; EEA, 2006; Kassanko et al., 2006). Projections for the 
future show that urbanisation – in terms of increasing share of population living in 
urban areas – is very likely to continue (Batty et al., 2003; EEA, 2006; Lutz, 2001). 
Urbanisation is not only a problem because it contradicts a normative ideal of land-
scape and spatial planning. In a multitude of studies it has been shown that land con-
sumption is usually detrimental to the environment in different regards (e.g. Johnson 
2001; Antrop, 2004). Its impact reduces the ability of nature to fulfil human require-
ments and thus impairs ecosystem services and landscape functions in various ways 
(De Groot et al., 2002; MEA, 2005; Curran & Sherbinin, 2004). Individual ecosystem 
services and quality of life aspects that are affected by urbanisation include the pro-
duction of food, the regulation of energy and matter flows, water supply, the provi-
sion of biodiversity and of health and recreation, the supply of green space or natural 
aesthetic values (Nuissl et al., 2008). 

Modelling land use relationships helps to understand underlying drivers of land use 
change, to create future land use scenarios and assess possible environmental impacts 
(Lambin et al., 2006). A variety of land use change models particularly for urban 
landscapes already exists, ranging from specific case studies to generic tools for a 
variety of urban regions. These models differ largely regarding their structure, their 
representation of both space and human decisions, and their methodological imple-
mentation. Compared to land use change models in open landscapes, urban areas are 
shaped particularly by human activities, societal processes and human-nature interac-
tions (Couclelis, 1997). 

Additionally to implemented simulation models, a number of articles and book chap-
ters elaborate on the “ideal” integrated model, theoretically necessary causal feedback 
loops et cetera. Often, authors use frameworks like the DPSIR-framework (drivers, 
pressures, state, impact, responses) of the European Environment Agency (EEA) to 
conceptualise model structure. According to Verburg, “the main drawback of using 
these analytical frameworks is the assumption of one-directional processes between 
driving factors and impacts” (Verburg, 2006), because in reality, it is difficult to dif-
ferentiate between impacts and drivers in a system. Bürgi et al. (2004) distinguish 
five major types of driving forces: socioeconomic, political, technological, natural, 
and cultural. Furthermore, they differentiate between primary, secondary and tertiary 
driving forces as well as between intrinsic and extrinsic driving forces (Bürgi et al., 
2004). In their introduction to urban simulation Waddell and Ulfarsson (2004) 
sketched urban markets and agents, choices and interactions in an “ideal” urban (land 
use) model.  
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Timmermans (2003) criticizes that present urban models focus on functional chains 
like the following: demand causes allocation across space which in turn causes traffic 
flows, based upon that a transportation model calculates travel times, which in turn 
explain residential choice. Timmermans votes to include other aspects of integration 
in urban land use models, such as task allocation within households, residential 
choice, job choice, vehicle holding decision, scheduling of activities, competition and 
agglomeration of land uses and actors, co-evolutionary development of demograph-
ics, employment sectors, land use and activity profiles and a fuller treatment of vary-
ing time horizons, including anticipatory and reactive behaviour. According to Miller 
et al. (2004), an integrated urban systems model with focus on transport should in-
clude socio-demographic components (evolution of population demographics (demo-
graphic change and migration into and out of region), decision-making (location 
choices of households and firms), economic variables (labour market, import/export 
of goods and services), transportation (activity and travel patterns of population, 
goods and services depending upon urban structure and economic interchanges, per-
formance of road and transit systems) and respective effects for land use (evolution of 
the built environment) and environment (atmospheric emissions generated by trans-
portation and industry; Miller et al., 2004). As Verburg (2006) points out, an integra-
tion of social and biophysical systems could be enhanced by including feedback 
mechanisms in land use models, e.g. the feedback between driving factors and effects 
of land use change (here understood as impacts), the feedback between local and re-
gional processes, and the feedback between agents and spatial units (Verburg, 2006). 
“Less common in land use modelling is the simulation of feedbacks between impacts 
on socio-economic and environmental conditions and the driving factors of land use 
change” (Verburg, 2006). 

The following publications present quantitative studies of land use change analysis 
and modelling driven by theoretical considerations rised above. 

 

3.2. Modelling and monitoring land use change  

Haase, D., Walz, U., Neubert, M., Rosenberg, M., 2007. Changes to Saxon land-
scapes - analysing historical maps to approach current environmental issues. 
Land Use Policy 24, 248-263. 

(Reprint of the paper cf. Annex A2) 

Summary and Conclusions 
 
The issues of historical landscape analysis and the influential driving factors of land-
scape development provide an essential basis for tackling current environmental ques-
tions in spatial planning. Therefore, this paper focuses on the objectives and methods 
of historical landscape analysis with the example of Saxony, Central Germany. The 
different ways in which such investigations can be applied and the results achieved 
are shown using four case studies. The main objective is to discuss methodological 
aspects of spatially explicit GIS-based landscape analysis and ways of making full 
use of the information contained in historical maps. Examples of suitable maps of 
Saxony dating back to 1780 are presented. In addition to historical land-use informa-
tion, valuable additional information can also be gained from this kind of data, such 
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as on the historical pattern of landscape functions, potentials and structures. These 
findings can be used to predict and optimise future landscape development. 
 
The approaches presented here combine methods of classical landscape analysis with 
modern techniques such as geographic information systems (GIS), the approach of 
landscape metrics (LSM) or deterministic models (e.g. ABIMO), which can be used 
to serve spatial analysis, and tools for analysing landscape structure. 
 
The case studies presented here portray the development of land use and how its 
structure has changed in various types of Central European cultural landscapes such 
as urban and rural ones, floodplain and mountain situations. The methods developed 
enabled an extensive database to be created which was then used to analyse how us-
age has changed and how these changes affect selected structures, functions and po-
tentials of landscapes. Regarding the methodology used in historical landscape analy-
sis, the following conclusions with respect to spatial land use planning can be drawn: 
 

 Historical maps can be integrated into a GIS with sufficient accuracy. As a re-
sult, the development of land use can be shown quantitatively over a period of 
more than 200 years. Statistics can then be compiled on the development of 
the proportions of linear elements and areas of certain usage types so that the 
interpretation of landscape development can be quantitatively substantiated. 

 The structural changes between landscapes past and present can be quantified 
by means of indices. This makes a contribution to a functionally orientated 
assessment of landscape development. By contrast, simple analysis of the 
proportions of land used for certain purposes sheds light on the possible func-
tional relationships in the abiotic antibiotic landscape balance (Berger and 
Walz, 2004). 

 Taking into account landscape functions in assessment brings home how im-
portant it is to consider the ‘loss’ of not only land in the meaning of total area 
but also resources and landscape functionality (Krönert et al., 2001; Walz, 
2005a). 

 Finally, the quantification of long-term land use change and its environmental 
impact enables us to reduce the existing uncertainty to predict future land-
scape change in land use change or biophysical models. 

 
Currently, the most serious processes of landscape change with a considerable envi-
ronmental impact are extensive development caused by processes of urbanisation, 
especially urban sprawl, the fragmentation of landscapes by infrastructure develop-
ment which finally leads to a 
decline of large continuous habitat patches (Kühn et al., 2004), and changes to the 
structure of farmland. Simultaneously, current land abandonment due to shrinkage 
will lead to land use changes in the form of extensive development and thus offers 
new chances for re-naturation or ‘‘ecologicalisation’’. For example, one result of the 
further liberalisation of farming is that agriculture is withdrawing from areas whose 
suitability for cultivation is limited (owing to relief, soil and climate conditions as 
well as farm sizes, etc).  
 
On the other hand, the intensity of farming is increasing on land which is more suit-
able for cultivation (high productive soil regions such as the Loess regions of 
Europe). However, the authors are aware of the fact that the historical and current 
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development of cultural landscapes described here has a high relevance for many 
other regions of Europe, but at the same time there exist also contrarian trends that 
shape landscapes such as field aggregation due to the socialist agricultural policies in 
Central Eastern Europe. As far as the development of land for human settlement is 
concerned, regional decline and shrinkage processes caused by the declining popula-
tion and the resulting derelict residential and commercial sites contrasts with strong 
growth and urban expansion in other regions (Stanbeck, 1991; Nuissl and Rink, 
2005).  
 
These processes will result in sharp changes to the cultural landscape throughout 
Europe. Sustained usage pressure opens up a whole range of developmental options 
for the conversion 
of abandoned sites. Unused land could, for example, be left fallow and left to natural 
succession of vegetation (‘‘ecologicalisation’’), reforested, or used for nature conser-
vation or countryside protection. Nevertheless, open and unsealed spaces are still in 
danger of being paved in the near future and the tendency of land use intensification 
will continue, even in shrinking or declining landscapes. These processes will not be 
limited to agglomeration areas because land and open space are not unaffordable 
goods and available for land uses such as housing and industry. But as far as the de-
velopment of cultural landscapes is concerned, attention must be paid to ensuring that 
the functionality of landscapes is sustainably maintained and landscape planning has 
to meet the specific requirements of a multifunctional land use in our cultural land-
scape. For landscape planners and regional planning authorities, the conclusions pre-
sented here should facilitate them to acquire better awareness of the importance of 
historical knowledge and material available for current and future shaping of the 
landscape. The paper does not intend to give concrete decision support for planners 
because of the multitude of pattern and processes and of landscapes in general. How-
ever, taking into consideration the history and the changes derived thereby would be a 
large step forward for landscape planning in many parts of Europe (German Soil and 
Nature Protection Act 1998, 2002; Kühn et al., 2004). The intent of this paper has 
been that, since intensive land utilisation has a long tradition in Central Europe, we 
must recognise what kind of changes are occurring within recent history and calculate 
this into the budget of future landscape development. 
 

Haase, D., 2003. Holocene floodplains and their distribution in urban areas – 
functionality indicators for their retention potentials. Landscape and Urban 
Planning 66, 5-18. 

(Reprint of the paper cf. Annex A2) 

Summary and Conclusions 
 
Floodplains are among the natural areas in central Europe which - depending on the 
formative power of flowing water - possess a high natural potential for the regulation 
of water and matter flows. Many floodplains and urban development share a long 
common history in central Europe. Numerous, sharply varying historical views exist 
on how to distinguish European floodplains. Therefore, the aim of this paper is to 
examine relevant indicators such as floodloam expansion, groundwater table, relief 
and land use to see how useful they are for characterising current floodplain function-
ality in urban areas and to ‘flesh them out’ for a case study. 
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Judging by the criteria meadow loam, relief, vegetation and water table depth, the 
floodplains account for large areas of the Leipzig district. The north-west of the city 
can for example be described as relatively natural. In the core areas, the floodplains 
have been ravaged but are still to be seen. The urban green spaces are important here 
since they augment and in some cases replace the natural vegetation. Things are more 
difficult regarding the natural soil functions of the floodplain soils, which have not 
been restored following backfilling, excavation and surfacing. In many areas south of 
Leipzig, the floodplains have been completely destroyed by lignite mining, and 
hardly any of the valleys of receiving watercourses like the Parthe and the Zscham-
pert can now be described as floodplain-typical ecosystems. Concerning flood reten-
tion areas there have to be re-discussed river embankment and renaturation measures 
for the City of Leipzig, although there exist in form of the new lakes in the former 
mining area big retention areas collecting floods from the mountains, etc.  
 
Floodplains and floodplain forests in urban areas have been made scarce by centuries 
of human influence. Their natural functionality as retention areas and pollutant sinks 
has in many cases completely disappeared which could have disastrous consequences 
such as in Central Germany in August 2002 (http://www.dfd.dlr.de/images ho-
chwasser/index.html). When the geochemical milieu conditions change and the soils’ 
cohesive and buffer capacity is reduced, floodplains can quickly become sources of 
pollution (Haase, 1999). On the other hand, floodplains and relicts of floodplain for-
ests have become important places of recreation and nature perception for many 
European cities (Ward Thompson, 2002; Daniel, 2001). The recreation function has 
replaced the production function of floodplains and floodplain forests in the Elster–
Pleiße–Parthe floodplains in Leipzig discussed here. “. . . The floodplain forest is a 
green swathe cutting through the city of Leipzig and the surrounding rural district. Its 
countenance has been shaped by many generations, who have turned this original 
forest and marsh landscape into a much-visited green belt . . . ” (Müller and Zäumer, 
1992, p. 55). 
 
Yet the analysis contained here shows that these green swathes (also sometimes re-
ferred to as ‘green lungs’) in towns and cities are not adequately protected against 
land surfacing, blockage and contamination. The usage pressure exerted by inner-city 
areas repeatedly prompts discussion over open spaces (Haase, 2001). Regarding the 
problem of the development of land use by towns and cities, Lichtenberger (1993) 
states that for economic reasons the rising density of built-up areas is regarded as 
positively as the increasing usage of undeveloped open spaces since they are cheap. 
And this could well prove to be a vicious circle for relict urban floodplains. 
 
Floodplains and floodplain forests should of course serve as multifunctional areas: 
recreation areas for the urban population as well as a source of information on relicts 
of the flora, fauna and morphology of the natural fluvial landscapes of central Ger-
many (such as in the case of Leipzig) and central Europe. But they must not be al-
lowed to deteriorate “. . . into a fairground” (Müller and Zäumer, 1992, p. 56). 
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Haase, D., Gläser, J. submitted. Determinants of floodplain forest development 
illustrated by the example of the floodplain forest in the District of Leipzig. For-
est Ecology and Management. 

(Reprint of the paper cf. Annex A2) 

Summary and Conclusions 
 
This paper discusses determinants of the historical and current spatial extent of the 
floodplain forest in Leipzig as well as its tree species composition using a GIS-data 
based delineation model and historical forest inventories for the floodplain forest in 
the district of Leipzig in Germany from the 19th to the 20th century. We found that 
the spatial extent of the floodplain forest remained considerably stable in spite of an 
overall decline in the  entire floodplain area from the period where the city first ex-
perienced industrialisation in the 19th century until now. However, with river regula-
tions and the alteration of forest management from coppice-with-standards forest to 
high forest in the 19th century, major changes can be found in the tree species com-
position of the floodplain forest. Comparing these findings with references from other 
European floodplain forests we discuss the impact of historical and current forest 
management as well as the city location’s influence on the extent and tree species 
composition of urban floodplain forests. For urban forest management in particular 
there is a great need to integrate biophysical, historical and forestry knowledge when 
predicting future developmental trends. 
 
When applying the knowledge gained in this study to today’s floordplain forest man-
agement, we argue to retain and even to extend the current proportion of Quercus 
robur in the floodplain forest in the district of Leipzig in the future due to its ecologi-
cal value and niche function for many organisms. Hence, small parts of the floodplain 
forest should be used as a coppice-with-standards forest since this management sys-
tem can be conducive to a higher occurrence of Quercus robur and, above all, a high 
biodiversity in the floodplain forests. This implies no further reduction of the current 
floodplain forest extent which represents major parts of the holocene floodplain rem-
nants. Further research work has to incorporate spatial and structural data for the ur-
ban surface (i.e. transport network, housing areas, greenery) as well as distance and 
connectivity indices to evaluate, in a more quantitative way, the spatio-functional 
relationships such as accessibility and fragmentation of the urban area, its residents 
and the remnants of floodplain forests. 
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3.3. Modelling and monitoring urban shrinkage  

Haase, D., Schwarz, N., accepted. Simulation models on human-nature interac-
tions in urban landscapes – a review including system dynamics, cellular auto-
mata and agent-based approaches. Living Reviews in Landscape Research. 

(Reprint of the paper cf. Annex A2) 

Summary and Conclusions 
 
Urbanisation belongs to the most complex and dynamic processes of land use and 
landscape change. At present, we claim “the millennium of the cities” since more 
than half of the currently 6.6 billion world population is living in urban areas. Due to 
the huge impact of urban consumption, this paper provides a review of existing urban 
land use models. The review analyses system dynamics, cellular automata and agent-
based model approaches by addressing the respective conceptual approach, model 
components and causal relationships including feedbacks. Based upon the review, 
conclusions are drawn the future development of urban landscape models and regard-
ing indispensable causal relationships and their representation when modelling urban 
systems. 
 
The main purpose of this review was to analyse causalities and feedback-loops in 
current urban land use change models. Therefore we analysed 17 simulation models 
stemming from three different simulation methodologies: system dynamics, cellular 
automata, and agent-based modelling. The main conclusion of this review is that there 
is a range of comprehensive urban land use change models but no unique approach to 
represent urban landscapes and human-nature interactions. Each author or working 
group has its own view and focuses on other parts of and relationships in the urban 
system.  
 
Most of the approaches bear the potential to model local and regional urban processes 
as they provide a multitude of components and variables but currently, only a few 
models integrate direct or indirect feedback-loops from environmental and landscape-
related impacts of urban land use change on environment to the respective driving 
forces in the human sphere of the systems. The reason for this we see in the gap be-
tween social science methods/findings and computational models (cf. Geist and 
Lambin, 2004; 2002). The former comprehensively cover behavioural heuristics on 
decision making but are often qualitative in nature. The latter need quantitative 
(sometimes spatially explicit) input data or at least simple rules to be coded and thus 
incorporated into the models. Moreover, empirical data for formulating a resilient 
feedback-loop resulting from environmental impacts on human quality of life and 
decision making is rarely available. As urban systems are open systems not depend-
ing on local or regional natural resources and ecosystem services neither individual 
nor policy decisions strongly depend on the availability and state of nature of the sur-
roundings (cf. Haase and Nuissl, 2007). Relationships between local and regional 
scale are realised only with respect to housing markets, as single choices on the local 
scale are able to influence regional markets and vice versa. 
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Schwarz, N., Haase, D. submitted. Omnipresent sprawl? A review of urban 
simulation models with respect to urban shrinkage. Environment and Planning 
B. 

(Reprint of the paper cf. Annex A2) 

Summary and Conclusions 
 
Simulation models on urban land-use change provide help for understanding urban 
systems and assist urban planning. A new challenge for simulating urban regions in 
Europe as well as in North America or Japan is urban shrinkage, where de-
industrialisation, massive population losses and ageing cause unforeseen (or unex-
pected) commercial and housing vacancies in cities. In order to set up a conceptual 
framework for model improvement to assist such challenges, this paper reviews re-
cent urban land use change simulation models, using three different modelling ap-
proaches: system dynamics, cellular automata, and agent-based modelling. The focus 
of the review is to assess causalities and feedback mechanisms implemented in these 
models.  
 
The results show that simulation models are very heterogeneous in implemented 
mechanisms leading to urban land use dynamics. Only a few models include feedback 
mechanisms from the socio-economic including demographics or environmental im-
pact of urban land use changes on the respective drivers, such as population dynam-
ics. Conclusions are drawn regarding future simulation efforts and applicability of 
these simulation models to phenomena such as urban shrinkage. Agent-based models 
appear as the most-promising approaches for modelling phenomena such as urban 
shrinkage. 
 
The main purpose of this review was to ascertain potentials and challenges regarding 
future simulation efforts and the applicability of these simulation models to phenom-
ena like urban shrinkage based on existing model approaches for urban land use 
change. Therefore, we analysed 17 simulation models stemming from three different 
simulation methodologies: system dynamics, cellular automata, and agent-based 
modelling.  
 
The main conclusion of this review is that there is no unique approach to modelling 
cities. Each author or working group has its own view and focuses on other parts of 
and relationships in the system. We further conclude that only a few models deal with 
aspects of urban shrinkage, namely vacancies and demolition measures. Only a few 
models integrate environmental factors into determination of the attractiveness of 
cells or regions which, doubtless, could be very important for shrinking cities because 
housing is affordable. 
Furthermore, the review shows that  
 

 feedback loops from the impact of land-use change on environment to driving 
forces of land-use change are seldom integrated into simulation models, 

 representation of human decision-making focuses mainly on households or 
individuals (residential location) and local business and industries; planning 
processes are no explicit part of the models, and 

 infrastructure-related problems are not dealt with in these models. 
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Moreover, a lack of data necessary for calibrating and validating simulation models 
was identified, especially with respect to decisions made by households instead of 
individuals. In addition, we conclude that an ABM approach to planning or steering 
urban land use change processes initiated through shrinkage will be very valuable: 
This is the only approach which enables researchers to explicitly include household 
location choice, housing market development and urban planning in an explicit way. 
Furthermore, it holds the potential to simulate innovative land use projects as an 
emerging characteristic of urban communication and governance. 
 

Banzhaf, E., Kindler, A., Haase, D., 2007. Monitoring, mapping and modelling 
urban decline: a multi-scale approach for Leipzig. EARSeL eProceedings 6(2), 
101-114. 

(Reprint of the paper cf. Annex A2) 

Summary and Conclusions 
 
Urban remote sensing research and approaches to modelling residential mobility fo-
cus predomi-nantly on growth patterns. In this paper, the phenomenon of extreme 
urban decline, named ‘shrinkage’, is scrutinised. The different characteristics of urban 
decline are illuminated using a multi-scale approach. Selected patterns of the spatial 
growth and shrinkage are first calculated by means of satellite imagery for the City of 
Leipzig, Germany. Here, Landsat data for 1994 and 2005 provide information regard-
ing different phases of urban land use dynamics, thereby revealing a pattern of spatial 
expansion into the peri-urban surroundings. In addition, potential drivers of this de-
tected pattern are investigated through analysis of municipal statistical data, at the 
local district level, providing evidence that urban growth in general and particularly 
shrinkage are results of population fluxes and migration. Because urban shrinkage can 
be found in both the central and peripheral parts of Leipzig City, an even more de-
tailed scale, using a very high resolution (VHR) colour-infrared data set has then been 
integrated with the local district data, in order to achieve detailed information on in-
tra-urban differentiation of both urban structure and fabric. Finally, using predictor 
variables such as fertility, life expectancy, migration and residential preferences, a 
proto-type model approach is presented that analyses recent patterns of residential use 
and the related building vacancies that characterise the housing sector of a shrinking 
city. 
 
The presented study comprises monitoring of land use changes and mapping of socio-
demographic dynamics right after the political transition in eastern Germany, com-
bined with model-ling of residential mobility. After having identified spatial subur-
banisation processes, which were accompanied by urban growth at the urban fringe 
and urban shrinkage in the central part of the city, a new focus in urban land use 
monitoring activities was taken, deriving urban structure types from very high resolu-
tion (VHR) data. With respect to remote sensing methods two different data sets and 
approaches were applied: the multispectral classification and post classification com-
pari-son of TM imageries supported the monitoring of urban growth and shrinking 
processes in this very dynamic region. The object-oriented fuzzy classification of a 
VHR data set is compared with ATKIS (official topographic-cartographic informa-
tion system of Germany) data in order to produce a change detection for the process 
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of demolition of houses, which is a special feature of the massive residential vacancy 
typical for shrinking cities. 
 
The assignment of demolished houses to specific urban structure types is another spe-
cial contribu-tion arising from the application of the approach presented here. Beside 
their obvious dependence upon economic variables, urban land use changes are 
mainly related to the demographic devel-opment of a city. In the integrated monitor-
ing and model approach presented above, we assume that there is a causal relation 
between the built-up environment (housing and infrastructure), the configuration of 
urban open spaces and demographic processes (first of all migration). Initial re-sults 
of this model of residential mobility in Leipzig and a respective picture of residential 
vacancy support the presumption that different household types prefer different hous-
ing environments and structures, and that, under a typical pattern of residential behav-
iour, residential vacancies are cre-ated. To validate the model results and to set a rela-
tionship between residential vacancy and demolition processes there is the need to 
create valid data of urban land use change at building level. This brings the model and 
the paper back to the VHR based object-oriented classification where next steps in the 
research will be focused on investigating how data sets on urban structure types can 
be reliably reproduced so that demolition and, respectively, new built-up areas can be 
monitored regularly on a local scale. 
 

Haase, D., Holzkämper, A., Seppelt, R., 2006. Beyond growth? Decline of the 
urban fabric in Eastern Germany. A spatially explicit model approach to predict 
residential vacancy and demolition priorities. In: Koomen, E., Stillwell, J., Ba-
kema, A., Scholten, H. (eds). Modelling Land Use Change. Springer Dordrecht, 
pp. 339-353. 

(Reprint of the paper cf. Annex A2) 

Summary and Conclusions 
 
Urban growth has been replaced by decline of the urban fabric in many parts of 
Europe. Reasons for this shrinkage are to be found in processes of demographic 
change and migration in city regions. This chapter presents relevant indicators and a 
rule-based modelling approach to residential change and building demolition in East-
ern Germany. The first part will focus on the research objectives and briefly discusses 
the urban decline phenomenon and the need for a new modelling approach in order to 
understand the current shifts in urban development. Besides this, relevant predictor 
variables for identifying spatial shrinkage and residential vacancy are discussed. Fi-
nally, their integration into a GIS-based spatially explicit model completes the chap-
ter. 
 
The first model results of simulated demolition priorities indicate that the overall con-
cept of ‘maintenance of city centre’ is far from becoming reality in the chosen study 
area. None of the combinations of the identified predictor variables results in the en-
visaged compact city pattern. This conclusion is supported by observed and planned 
demolition in the study site. On the other hand, the apparent correlations of the MC 
analysis give an idea of how Grünau could develop in the next 5-10 years, as these 
correspond with the planned demolition within the housing complexes at the central 
and (north) western part of the city. Another general aspect which arose in the analy-
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sis is that deriving general conclusions for the whole city is not feasible, probably 
because the selected study area of Leipzig-Grünau was too small and the applied so-
cial statistical data were not detailed enough. 
 
To improve the promising model results for Leipzig-Grünau, information from a 
housing estate specific social survey will be included to allow for a spatially more 
differentiated description of residential vacancy. The assumption of linear relation-
ships between the predictor variables and demolition priority can be altered, as it is 
possible that there are important interactions between the variables. Furthermore, 
interactions and feedbacks need to be incorporated into the model. Dynamics can be 
incorporated by making demolition priorities depend spatial configuration of housing 
in the previous time step. Underlying population dynamics and the household pattern 
and behaviour (housing preferences, migration) can then be considered as dynamic 
input variables that change over time. The model can also be improved by incorporat-
ing more detailed social and demographic data at district level. For the ‘city level’ 
(ndistrict = 63), the annual statistical reports of Leipzig are supposed to be a sufficient 
data base (static and dynamic approach coupled with a population and household dy-
namics model). Thus, it is proposed to apply the model to the whole city of Leipzig 
including the old, prefabricated and the new built-up housing estates. In addition, 
model transferability to other cities dealing with similar phenomena will also be 
tested. 
 

Kabisch, S., Haase, A., Haase, D., 2006. Beyond growth – urban development in 
shrinking cities as a challenge for modeling approaches. In: Voinov, A., Jake-
man, A., Rizzoli, A. (eds). Proceedings of the iEMSs Third Biennial Meeting: 
"Summit on Environmental Modelling and Software". International Environ-
mental Modelling and Software Society, Burlington, USA. CD ROM. ISBN 1-
4243-0852-6 978-1-4243-0852-1. 

(Reprint of the paper cf. Annex A2) 

Summary and Conclusions 
 
Urban growth has been replaced by stagnation and shrinkage processes at many 
places in Europe during the last decades. Demographic changes and out-migration 
because of lack of jobs belong to the main impact factors. Urban planners are chal-
lenged by this new and dramatic development that impacts on housing markets, the 
utilization of infrastructure, local labor markets and the whole viability of urban 
structures. Urban Research is requested to elaborate new concepts and strategies for 
cities loosing population, facing a big amount of vacant building stock and a large-
area re-use of brown-fields. 
 
The purpose of this paper is to analyze the chances and limits of urban modeling to 
explain and assess urban shrinkage proc-esses in their quantitative and qualitative 
dimension. First, expertise of new shrinkage processes is investigated in order to ex-
plain the need for urban modeling concepts. Second, it is discussed to what extend 
often misrepresented ‘fuzzy’ social sci-ence knowledge about urban shrinkage can be 
brought methodically together with ‘sizable’-data-based urban models. Third, vari-
ables and a prototype model structure are presented to approach to an urban shrinkage 
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model. Finally, novel scientific questions and recommendations for further coopera-
tion of social science and urban modeling are presented. 
 
To conclude from this study, shrinkage, population losses and vacancies unhinge the 
balance of existing urban struc-tures, and produce new patterns of cityscapes. An 
innova-tive model approach that takes into consideration the con-sequences of demo-
graphic change needs to be developed to come to a better understanding of the com-
plex interac-tions of the included variables. The model structure and the relationships 
base on relevant predictor variables as well as urban policy contextual constraints. To 
allow for a more comprehensive look at shrinkage, weightings of model variables as 
well as proxy-data for ‘not-sizable’ variables have to be integrated. For a start, the 
model to be finally developed should be able to give an idea to sci-entists what kinds 
of future scenarios are imaginable, how desirable ones can be reached or supported 
respective inconvenient trends being omitted. With this approach, new insides and 
knowledge could be generated which needs further accompanying empirical research 
which mirrors the model results. Discussing the strengths and weaknesses of such a 
combined research strategy and find a common language for modelling shrinkage is 
an excit-ing challenge. 
 

3.4. Agent-based modelling to explain urban land use 
change 

Haase, D., Seppelt, R., in revision. Applying social science concepts: modelling 
and simulating residential mobility in a shrinking city. Environmental Modelling 
and Software. 

(Reprint of the paper cf. Annex A2) 

Summary and Conclusions 
 
Urban shrinkage has recently been coming into discussion more and more among 
urban planners and policy makers in Europe following demographic transitions in the 
form of fertility decline and out-migration. Shrinking cities are characterized by huge 
oversupplies of dwellings and resulting residential vacancies. Although existing 
worldwide, particularly the shrinking eastern German city of Leipzig has been identi-
fied as a challenge to study residential mobility and the creation of housing vacancy 
using modeling techniques: social scientists developed a novel concept of demogra-
phy-related household types based on a range of empirical surveys that together form 
a unique base to build a data-based agent model. 
   
The spatially explict agent based simulation model RESMOBcity presented here 
‘translates’ empirical data upon ‘new and non-classical’ household types that find 
their origin in concepts of the Second Demographic Transition into household agents. 
Applying behavioural rules to each of the agents spatially explicit household patterns, 
housing demands, residential vacancies and demolition potentials emerge out of the 
system. In the results we show that population will stabilise within the coming 20 
years. The number of households is expected to further increase. We demonstrate that 
a selective demolition of vacant housing stock might counteract the enormous over-
supply of dwellings and better level out both housing demand and number of avail-
able flats. In terms of model quality particularly the spatial pattern and trends of resi-
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dential vacancy were found in good accordance with measured municipal data and 
estimates by experts. 
 
Using the example of the eastern German city of Leipzig, the specific local conditions 
– high vacancy rates, tenants’ market – were set in relation to the residential prefer-
ences of household types who form the agents of the model. The findings of our 
model, in the form of household patterns and trends of residential vacancy created by 
the model, were found in considerably high and spatially plausible accuracy with 
measured municipal data and estimates by local experts. We showed that an increase 
in the total number of households reduces residential vacancy only in the event of a 
simultateous demolition and ‘sanitation’ of the housing market. Assuming that to-
day’s residential behaviour is valid for the near future, we have to expect an increase 
in the spatial segregation of households in the city: the younsters and very old con-
centrate in the centre, whereas families still direct outwards. Residential vacancy will 
decrease and level out at a 10%-rate in 2020. It will move from the Wilhelminian 
estates of the inner city to the 20-40ies and 60ies housing estates that lose attractive-
ness for most of the household types. 
 
The model concept of RESMOBcity, we believe, is a useful one in terms of evaluat-
ing demographic scenarios and their impact on residential land use in urban regions. 
We were able to demonstrate how and where potential re- or de-densification of ur-
ban housing structures up to the year 2020 will most probably occur. The same is true 
for the future allocation and concentration, or even the disappearance, of residential 
vacancy. 
 
Future work will focus on the incorporation of additional economic variables consid-
ering the economic constraints the households are faced with, their choices concern-
ing transport modes and travel distances, as well as scenarios of decreased or modi-
fied infrastructure supply due to shrinkage. Another improvement will be a more de-
tailed incorporation of the local housing market as well as contextual constraints for 
land-use policy and planning in the form of scenario alternatives. 
 

3.5. Data mining for models 

Haase, D., Haase, A., 2007. Do European social science data serve to feed agent-
based simulation models on residential mobility in shrinking cities? Grözinger, 
G., Matiaske, W., Spieß, K. (eds.) Europe and its Regions. The usage of Euro-
pean Regionalised Social Science Data. Cambridge Scholar Publishing, pp. 227-
250. 

(Reprint of the paper cf. Annex A2) 

Summary and Conclusions 
 
In this paper, we analyse the potential of European social and economic data sets and 
regionalised panel data for their suitability for a micro-simulation model on residen-
tial mobility at the city region level. The micro-simulation approach refers to the so-
cial unit of the household which is assumed to be decisive for residential migration 
and the housing sector, respectively. Social science data are required firstly for the 
individual profile of the model agents and secondly for the parameterisation of the 
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urban environment where the agents move. In particular, the challenge of transferring 
socio-economic variables into the space, represented through a GIS, is discussed. The 
city region of Leipzig, East Germany, being faced with shrinkage and large scale 
housing vacancies provides both an illustrative example and a real world challenge of 
how an innovative micro-simulation approach could profit from European survey and 
panel data. 
 

In this paper we discussed to what extent European social science data sets can serve 
as a database to feed agent-based micro-simulation models of residential mobility in 
cities with particular respect to the context of non-growth or shrinkage. Using the 
example of the East German city of Leipzig, the specific local conditions – high va-
cancy rates, “tenants’ market” – were set in relation to the residential preferences of 
household types who form the agents of our model. The needed range, scale and qual-
ity of agent-related data was identified by means of municipal statistics and a house-
hold-based questionnaire survey based on an SDT-driven concept of demographic 
change and its implications for housing. By comparison with available European so-
cial science data it became obvious that a) data sets do not always meet the needs of 
scale and grain, b) do not provide a clear definition of households, c) suffer from a 
lack of contextual information in terms of defining the impact of shrinkage and over-
supply of housing stock, amenities and urban infrastructure, d) do not always allow 
for local differentiation in terms of urban small-scale areas (sub-city level). Up to the 
present, this missing information can only be acquired by using survey data or expert 
panels that exist for single cases, and merely for more than just a limited period of 
time, as the Leipzig example shows.  

Therefore, we see a need to improve European social science databases in the follow-
ing manner: a) add variables for the context of local non-growth or shrinkage proc-
esses, b) try to define a common household term, c) plead for bringing in survey and 
expert panel information on a more regular base, d) provide information on the trans-
ferability of the data to either another spatial grain or national/cultural context. Since 
urban development beyond growth and respective residential mobility behaviour are 
likely to determine urban futures in Europe, it is crucial to think about an improve-
ment of European regionalised data to provide a more promising database for this 
new challenge. As a pre-condition, it is, however, indispensable to identify the re-
quired contexts, variables, terms and inter-linkages for a case in point, as it was pre-
sented here for the city of Leipzig. 
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4. Impact assessment of land use change 
 
 

‘Logic gets from A to B, 
 but with imagination you circle the universe.’ 

Albert Einstein 1948 
 
 

4.1. Overview  
The transformation of natural, open or agricultural land into urban land is one of the 
major en-vironmental impacts in most urbanized countries and regions (OECD, 
1997). Moreover, along the urban rural gradient this land consumption is often char-
acterised by dispersed developments, mono-functional and low density land uses and 
reliance on private car ownership – thus displaying the typical features of veritable 
urban sprawl (Torrens & Alberti, 2000). This is also true for Europe, although Euro-
pean cities and towns have traditionally been rather compact (Kassanko et al., 2006). 
In Germany for instance, between 1993-2004 daily land consumption has amounted 
to 80-130 hectare  (BBR, 2007). Accordingly, the share of urban land (settlement and 
transportation) of the total territory of Germany in 2007 is some 12.8% compared to 
7.1% in 1950 – a ratio which is only exceeded by smaller and more densely populated 
states such as the Netherlands (18%) or Belgium (14%; EEA, 2006).  

Land consumption is not only a problem because it contradicts a normative ideal of 
spatial planning. In a multitude of studies it has been shown that land consumption is 
usually detrimental to the environment in different regards (e.g. Johnson 2001). Its 
impact reduces the ability of nature to fulfil human requirements and thus impairs 
ecosystem services in various ways (De Groot et al., 2002; MEA, 2005; Curran & 
Sherbinin, 2004). Individual ecosystem services that are affected by land use transi-
tion include the production of food, regulation of energy and matter flows, water sup-
ply, supply of recreational space, biodiversity or natural aesthetic values. 

It is widely accepted in the field of land use policy that the incessant consumption of 
open land demands intervention and regulation. At EU level, documents such as the 
European Landscape Convention (CoE, 2000), the European Spatial Development 
Plan (1999), or the guidelines for the funding schemes of the common structural and 
agricultural policies call for the reduction of land development. Whilst these docu-
ments are not legally binding for the member states, the EU further requires the in-
troduction of an environmental impact assessment for spatial plans. This latter in-
strument has the po-tential to considerably reduce the negative impact of urban de-
velopment and land use transitions, pro-vided there is a sound methodology of impact 
assessment at hand that can be applied in practice.  

At the national level an array of different policies for addressing the challenge of land 
con-sumption are being discussed in the different EU member states. In Germany, the 
Netherlands or the UK, for instance, the discussion on strategies and instruments to 
inhibit the further growth of settle-ment and transport areas is a high priority on the 
agenda of environmental politics. Besides the regulatory means of both the planning 
system and environmental policy, this discussion also highlights more informal in-
struments – such as spatial development concepts, municipal resource management 
schemes aiming at the reuse of brownfield land, and inter-regional cooperation initia-
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tives – as well as so called economic instruments – such as changes in land taxation, 
or the introduction of a scheme of tradable development permits (German Council of 
Sustainable Development, 2004; Bundesregierung, 2004). Above and beyond these 
instruments, the Federal Government of Germany has defined the so called “30-
hectare-goal” (Bundesregierung, 2004): It thus committed itself to the goal of reduc-
ing the daily rate of land consumption from currently around 110 to only 30 ha in 
2020. This figure might be seen as a political manifestation rather than a strict quanti-
fication of a land use policy goal, but it clearly provides political guidance towards 
the goal of mitigation of land consumption. However, the “30-hectare-goal” is ab-
stracted from the context-sensitivity of land use transition impact, such as dete-
rioration of water balance, soil functions or habitat quality, which differ tremendously 
depending on where the ‘consumed’ land is located. This leads to the question 
whether such general goals can be specified and differentiated in terms of where the 
incremental development that is still deemed ac-ceptable should take place (EEA, 
2006) – i.e. how the ‘remaining’ development can be steered to the most desirable 
locations.  

Generally speaking, the different policy approaches and instruments on the contain-
ment of land consumption aim at two interrelated but distinguishable goals (Schröter-
Schlaack & Ring, 2006): firstly a reduction of the (aggregated) amount of land devel-
opment; secondly, an improvement of (particular) land use and development patterns, 
i.e. the achievement of a development pattern that is least detrimental in terms of de-
terioration of ecosystem services (ES). In practice however, only if it suc-ceeds in 
pursuing both goals at the same time can land use policy successfully mitigate the 
environ-mental impact of land consumption. In other words: A quantitative reduction 
in land consumption will only substantially contribute to the preservation of ecosys-
tem services if supplemented by efforts to break it down to the regional and local 
level. Such efforts should be substantiated by scientific knowl-edge of the impact – or 
at least on the methodology of assessing the impact – of land use transition. Com-
pared to more complex and innovation-related definitions (Elzen et al., 2004; Wiek et 
al., 2006) the term ‘transition’ in this paper is understood as the change of one type of 
land use to another. 

The assessment and evaluation of the impact of land use transition, including both 
land consumption and land abandonment, is a major task of landscape research in 
general (Wu & Hobbs, 2002; Naveh, 2001). Accordingly, there is affluent expertise 
on the effects of land use transition on ES concerning, for instance, landscape cluster-
ing and fragmentation (Ewing, 1997; Pauleit et al., 2005), disturbances in the water 
balance (Samaniego & Bardossy, 2006), soil compaction (EEA, 2006), air pollution 
and noise (cf. indicator set by Wiek & Binder, 2005), or increased risk of flooding 
(Bertoni, 2006). However, as a rule these studies are highly sophisticated contribu-
tions to the research on individual aspects of land use transition and employ a scien-
tific methodology which could hardly be copied in practical spatial planning.  

On the other hand, we find integrated assessment schemes for urban regions, drawing 
on a multitude of disciplines and taking account of interlinked urban dynamics, such 
as suggested by Ravetz (2000), Hasse & Lathrop (2003) or, in a more participatory 
form, Wiek & Binder (2005). However, the primary focus of these studies is not the 
problem of land use transition but rather the conceptualization and evaluation of ur-
ban development processes in general. Hence, a systematic, scale-spanning and prac-
tically applicable approach to the integrative assessment of the impact of (urban) land 
use transition on natural resources and urban ecosystems is still missing. In particular, 
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the various forms of land use transition in the housing sector need a more detailed 
analysis so as to enable an assessment of its impact at the relevant spatial scales.  

The publications of section 4 report different quantitative modelling approaches to 
approach the above mentioned research challenge using examples from the abiotic 
environment and from ecosystems. As an innovative step following the work by 
Boland and Hunhammar (1999) the framework of urban ecosystem services (UES) 
will be used in order to realise a range of simulations and evaluation studies that 
quantify the impact of urban land take. 

 

4.2. Impact on abiotic resources  

Haase, D., Rosenberg, M., 2003. The changing face of the landscape, Research 
for the Environment 4, 86-93. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
One of the factors that has the most lasting impact on the condition and function of 
the landscape is land use. The land around us was and still is intensively used in many 
places, yet all too often this clashes with the aim of protecting the biotic and abiotic 
resources mankind needs. Central Germany is doubtless an extreme case given the 
extensive ravaging of the landscape by lignite mining and the subsequent complete 
reshaping of the areas concerned. But all over the world, the questions of how far 
mankind can go be natures’s regulatory mechanisms finally collapse has become 
highly relevant. Landscape ecologists are using cutting-edge technology to tackle this 
issue internationally. One of their key findings is that a landscape’s history also needs 
to be taken into account. 
 
The scientific work on the transformation of the usage and structure of a landscape as 
well as its influence of the productivity of the natural balance provides an important 
basis for landscape and regional planning and serves as decision-support instruments 
for regional and local planning agencies. They are also important for a broad section 
of the local population as well as researchers from the State Department of Construc-
tion and Regional Planning dealing with the long-term trends of spatial development 
in Germany since they show how the surrounding landscape changes and how plan-
ners’ ideas will actually appear in the landscapes.  
 
So how far can mankind go before the natural regulatory mechanisms collapse? Our 
investigations back up the opinion that a whole range of natural regulatory mecha-
nisms such as runoff and flood regulation can only function to a limited extent and in 
some cases fail locally owing to the continuing consumption of floodplains and open 
spaces for construction. In the future, it is necessary to undertake additional specific 
investigations into trends of zoning development and their influence on natural land-
scape functions and natural resources. This can be regarded as a module to helpt 
achieve genuinely sustainable “co-operation” between mankind and nature in the 
multifunctional central European cultural landscape.   
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Haase, G., Haase, D., 2002. Approaches and methods of landscape diagnosis. In: 
Bastian, O., Steinhardt, U. & Z. Naveh (eds). Development and Perspectives of 
Landscape Ecology, Kluwer, pp.113-122. 

(Reprint of the paper cf. Annex A4) 

Summary and Conclusions 
 
The current land use processes and land use changes in the last centuries make it nec-
essary for all natural, socio-economic and cultural conditions to be carefully consid-
ered in the socio-economically dominated processes of landscape management and 
planning. The socially necessary benefit-cost ratio of securing natural processes of 
regulation in physical regions, especially for both simple and extended reproduction 
of natural conditions, is increasingly becoming a driving force in the determination of 
the economic and social effectiveness of land use. Extensive and intensive use of 
processes, functions and characteristics of the physical or natural resources can be 
accomplished without major disturbances only if the utilization requirements and the 
existing natural equipment develop proportionally to each other. These proportions 
are results of, on the one hand, active technical and natural principles (properties of 
natural-technical geo-ecosystems) and on the other hand, the socio-economic condi-
tions and requirements under which the activities of society are taking place in land-
scapes, respectively (including urbanized areas). 
 
At the current stage of modern landscape ecology as an applied science the following 
methodological approaches seem to be the core of managing the process of landscape 
diagnosis in a complex synthesis: 
 

– remote sensing as a tool for landscape evaluation, 
– Geoinformation Systems, 
– methods determining the structural properties of landscapes or landscape pat-

tern, 
– theory of fuzzy sets or fuzzy logic and 
– modeling approaches to simulate landscape functioning depending on thedif-

ferent landscape components and processes. 
 
The solution of methodological problems in interpreting landscape structures has re-
ceived strong impulses from operation research, system engineering, and economics 
of natural resources or landscape economics. At present there are only initial ap-
proaches available to a consistent methodology. Participation in the development is 
among the major tasks to be accomplished by landscape research in the next couple of 
years. 
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Nuissl, H., Haase, D., Wittmer, H., Lanzendorf, M. 2008. Impact assessment of 
land use transition in urban areas – an integrated approach from an environ-
mental perspective. Land Use Policy 26, 414-424.  
doi:10.1016/j.landusepol.2008.05.006. 

(Reprint of the paper cf. Annex A4) 

Summary and Conclusions 
 
Land consumption due to residential development, economic growth and transporta-
tion belongs to the most serious environmental pressures on landscapes worldwide, in 
particular in urbanised areas. Accordingly, the aim of containing the development of 
land is rated increasingly high on the agenda of environmental policy, at least in 
densely populated countries such as Germany, Belgium, the Netherlands or the UK. 
As a result, different strategies and instruments to prevent excessive land consump-
tion are being discussed. However, many of these strategies and instruments adopt a 
rather general approach, while it seems more effective to define the particular areas 
where the goal of reducing land consumption is to be pursued. Such an approach must 
draw on information about how detrimental specific land use transitions are with re-
gard to, for instance, the functionality of soils, water balance or habitat quality at spe-
cific locations. This paper introduces a conceptual framework for the impact assess-
ment of land use transition in urban areas which highlights how such information can 
be acquired. This framework includes the differentiation of two levels of impact as-
sessment: the level of the single land unit and the context level which takes into ac-
count regional and aggregated impacts of land use transition bound to the spatial con-
text. The conceptual framework provides a basis to disaggregate (supra-)national pol-
icy targets regarding land use, to scale them downto the regional level, and thus to 
clarify the spatially explicit implications of land use policies. 
 
The paper presented a conceptual framework for an integrated assessment of the im-
pact of land use transition in urban regions. This framework provides a basis for an 
empirical quantification and evaluation of such impact in concrete study regions. It 
introduces a few new features to the discussion of land use transition and the assess-
ment of its impact: 
 

 the distinction between two levels of impact-assessment of land use transition, 
 the classification of land uses in a land use typology (allowing a detailed dis-

tinction of different possible transitions),  
 the derivation of regional impact of land use transition from aggregate statis-

tical figures, and 
 the consideration of a variety of potential impacts. At present our approach 

accounts for several disciplines – such as hydrology, soil science, landscape 
ecology, biology, transport geography, and economics – but it is also open for 
the inclusion of additional fields that have so far not been included. 

 
The integrative character of our approach brings added value into a discussion which 
is very much focussed on ‘space’ and ‘hectare-figures’. More specifically it can sup-
port regional and local decision makers in their attempt to not only gear land use 
management and planning to the normative idea of sustainability but also to make a 
qualified contribution to the achievement of ‘global’ (i.e. national) targets regarding 
the reduction of land consumption. In other words: Since an assessment of land use 

45



transition impact draws the attention to the consequences of alternative land use man-
agement and planning decisions, it has the potential to orient urban development to 
the ‘right’ places. This will become increasingly important in the near future as we 
face a simultaneity of growth and decline in many European regions that opens up the 
chance for new land development strategies. However, in particular under the condi-
tion of decline, the evaluation of land use transition should also include socio-
economic aspects, such as infrastructure costs or socio-spatial segregation. In this 
regard, at least in the medium run, the presented conceptual framework should be 
expanded to further ‘impact dimensions’. 
 

Haase, D. accepted. Effects of urbanisation on the water balance – a long-term 
trajectory. Environment Impact Assessment Review. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
The amount of land consumption required for housing and transport severely conflicts 
with both the necessity and the legal obligation to maintain the ecological potential 
afforded by open spaces to meet the needs of current and future generations with re-
gards to the protection of resources and climate change. Owing to an increasing inten-
sity of soil use, soil conditions appear to have deteriorated in most city regions around 
the world, namely their filter and runoff regulating functions are impaired by land 
surfacing. As such soil functions depend on the soil’s biophysical properties and the 
degree of imperviousness, the impact on the water balance caused by urban growth 
varies considerably. In response to the demand for sustainably secure urban water 
resources, it needs to be assessed exactly how land surfacing affects the functions 
concerned. Analysing and evaluating urban land use change on the long-term water 
balance should improve our understanding of the impact of urbanisation on the water 
household. Therefore, this paper analyses the impact of urban land use change and 
land surfacing on the long-term urban water balance over a 130-year trajectory by 
using simple model approaches that are based on data available to the public. The test 
site is the city of Leipzig. In particular, attention is to be paid to estimating changes of 
evapotranspiration, direct runoff and groundwater recharge. 
 
The long-term observation of urban growth and sprawling land consumption has 
proven that it is the cumulative impact of land use change and surface sealing, rather 
than short-term consequences that is likely to impair the urban water balance. It high-
lights the problems that can arise in the long run due to this cumulative impact of land 
use change over time on the city or regional scale and thus gives an example of how 
severely urban growth on a city’s fringes can affect environmental processes such as 
the water balance in quantitative terms.  
 
Urban sprawl potentially leads to an increased flood risk produced by increasing di-
rect runoff and a resulting higher release of water out of the urban system. This could 
restrict a city’s chances for future development in that technical precautions necessary 
to mitigate these problems may become extremely expensive. However, it is fairly 
clear that the long-term effects of urban land uptake on the environment in general, 
and water balance in particular, not only depend on the amount but also the distribu-
tion of the land to be developed, or the spatial pattern of land conversion, as well as 
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the previous quality of this land (Newman, 2000; Burchell and Mukherji, 2003; 
Nuissl et al., 2008).  
 
From an environmental point of view, the compact city generally seems to be the 
most desirable form because it allows a preservation of the largest possible patches of 
‘natural’ landscape. On the other hand, intensification and an increase of impervious 
surfaces in existing urban areas tends to be accompanied by a considerable decline in 
environmental quality. This was recently shown with regard to urban microclimates 
by Pauleit et al. (2005) and has been illustrated for water balance in this paper. To 
illustrate this with the results obtained from this paper: a fall in the sensitive ETa flow 
increases the vulnerability of the cities’ residents to increasing summer temperatures 
that are assumed to occur due to climate change as the evaporative process supports 
cool urban areas (Gill et al., 2007).  
 
Further research concerning the effect of a decrease in soil water on the temperature 
of urban sealed and constructed land surfaces and air temperature is required in order 
to provide scientific support for spatial planning and intelligent land development 
options in times of climate change. 
 

Magnucki, K., Haase, D., Frühauf, M., 2004. Auswirkungen urbaner Siedlungs-
flächen-entwicklung auf den Wasserhaushalt – das Beispiel der Stadt Leipzig 
1870-2003. Berichte zur deutschen Landeskunde 78(4), 473-507. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
Die Zunahme an versiegelten Oberflächen prägt seit Jahrzehnten große Teile mittel-
europäischer Landschaften. In Deutschland entstehen täglich ca. 130 ha versiegelte 
Fläche. Neben dem Verlust von Lebensraum führt eine zunehmende Versiegelung 
auch zur Einschränkung bzw. zum Verlust abiotischer Landschaftsfunktionen, bei-
spielsweise des Wasserhaushaltes. Für die Planung und das Management urbaner 
Räume ist es daher wichtig, diese Veränderung von Landschaftsfunktionalität sowie 
den Verlust von Ressourcen (Boden, Sickerwasserrate, Rückhalt von Oberflächenab-
fluss) räumlich explizit zu quantifizieren.  
 
Der Beitrag diskutiert die mit der Siedlungsflächenerweiterung einhergehende Verän-
derung relevanter Wasserhaushaltsgrößen am Beispiel der Großstadt Leipzig seit 
1870 (130 Jahre) in mehreren Zeitschnitten. Dabei wird ein methodischer Ansatz ge-
zeigt, welcher es ermöglicht, diese Abschätzung GIS-basiert sowie auf der Basis öf-
fentlich verfügbarer analoger bzw. digitaler Daten vorzunehmen. 
 
Im Ergebnis der Untersuchungen zum Wasserhaushalt in Leipzig seit 1870 kann fol-
gendes festgehalten werden: wichtige Wasserhaushaltsfunktionen werden aufgrund 
zunehmender Versiegelung in zunehmend geringerem ausreichend Maße erfüllt, in 
einigen Stadtbereichen haben die Oberflächen bzw. Böden keine regulierende Funkti-
on auf den urbanen Landschaftshaushalt mehr. Klar ist aber ebenso, dass ein urbaner 
Raum nicht primär zum Erhalt von Bodenfunktionen bzw. der Realisierung was-
serhaushaltlicher Funktionen dient, sondern als Aktionsraum des Menschen (Haase, 
2001).  
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Trotz alledem scheint es unter dem Trend einer anhaltenden Bodenversiegelung in 
Deutschland geboten, Maßnahmen zur Erhaltung der natürlichen Wasserhaushalts-
funktionen sowie im Interesse des Bodenschutzes auch im urbanen Raum zu forcie-
ren. Dies trägt auch der Tatsache Rechnung, dass in Deutschland immer mehr Men-
schen im urbanen Raum leben werden. Folgende Überlegungen sollten daher in die 
zukünftige Flächennutzungsplanung bzw. –politik Eingang finden: Eine Verbesse-
rung der Abflussregulationsfähigkeit kann im Falle von Starkniederschlägen erreicht 
werden durch: 
 

 gezielte Entsiegelung überbauter Flächen bei Abriss, 
 eine in die Flächenhaushaltspolitik der Stadt integrierte Limitierung der Neu-

versiegelung im Innen- und Außenbereich, 
 die Verwendung durchlässiger Baumaterialien,  
 Möglichkeiten der Regenwasserversickerung statt –ableitung in Baugebieten 

(Neubau und Rekonstruktion, gegebenenfalls Regenwassersammelbecken in 
den Gründerzeitgebieten) sowie 

 gezielte Erhöhung des Waldanteils an den Frei- bzw. Grünflächen. 
 
Insbesondere die Niederschlagsversickerung besitzt den Vorteil der Zwischenspeiche-
rung von Hochwasserabflüssen und gleichzeitig eine Reduzierung von Spitzenwas-
serabflüssen sowie, v.a. mit dem Blick auf das menschliche Wohlbefinden eine Erhö-
hung der Verdunstungsraten im urbanen Raum und damit positive Auswirkungen auf 
das Stadtklima. Jedoch sollten die Einflüsse der Regenwasserversickerung detailliert 
untersucht werden, um negative Folgen wie die Gefährdung der Grundwasserqualität 
und Gebäudeschäden zu verhindern (Coldewey et al., 2001). 
 
Es ist weiterhin festzuhalten, dass anhand der durchgeführten Bewertungen die Ve-
ränderun-gen im Wasserhaushalt durch die Versiegelung seit 1870 erfasst werden 
konnten. Bei einer gegebenen Prognose möglicher Siedlungsentwicklung in die Zu-
kunft wird es somit möglich sein, Aussagen zu treffen, wie zukünftige Versiegelun-
gen den Wasserhaushalt beeinträchtigen werden. Zu beachten ist, dass die Ergebnisse 
entscheidend von den Eingangsdaten abhängig sind. Im Einzelfall sind diese sicher-
lich zu überprüfen, um genauere Ergebnisse zu erhalten. 
 

Haase, D., Magnucki, K., Frühauf, M., 2004. Zum Verlust von Bodenfunktionen 
durch Siedlungserweiterungen und Oberflächenversiegelung in den Stadtgebie-
ten von Halle und Leipzig, Wichmann, S. 161-178. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
Böden besitzen wesentliche Funktionen imWasser- und Stoffhaushalt der Landschaft. 
Sie stellen Lebensgrundlage und Lebensraum für Menschen, Tiere, Pflanzen und Bo-
denorganismen dar. Im Ökosystem wirken sie als Abbauund Ausgleichsmedium so-
wie als Quelle stofflicher Einwirkungen (§2 (2) BBodSchG). Aufgrund ihrer Speicher 
und Transformationsleistung reagieren Böden oft erst mit großer Verzögerung auf 
Beeinträchtigungen, wobei die entstandenen Veränderungen dann meist lange erhal-
ten bleiben (Blume 1992). Neben ihren natürlichen Funktionen haben Böden auch 
Nutzungsfunktionen als Fläche für Siedlungen und Verkehrswege, der land- und 
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forstwirtschaftlichen Produktion oder für Erholungszwecke (§2 (2) BBodSchG) zu 
erfüllen. Natürliche und Nutzungsfunktionen des Bodens stehen in starker Konkur-
renz zueinander, insbesondere in urbanen Räumen, da hier Freiflächen mit naturnahen 
Böden meist nur noch sehr begrenzt verfügbar sind. 
 
Urbane Räume stellen heute einen wesentlichen und zunehmend bedeutenden Le-
bensraum des Menschen dar. Zwar erscheint der Anteil der Siedlungs- und Verkehrs-
fläche an der Gesamtfläche Deutschlands mit 12,3 % (Statistisches Bundesamt 2002) 
eher gering, aber infolge steigender Ansprüche an Wohnfläche sowie zunehmender 
Freizeit- und Konsummobilität wächst seit Jahrzehnten die Fläche für Wohnen, Ver-
kehr, Freizeit und Erwerbsarbeit. Die Siedlungsflächenzunahme ist dabei heute eng 
mit dem gewachsenen materiellen Wohlstand verknüpft. Die tägliche Flächeninan-
spruchnahme für Siedlungs- und Verkehrszwecke ist in Deutschland auf etwa 129 ha 
pro Tag gestiegen (Statistisches Bundesamt 2002), wobei sich die Zunahme der Sied-
lungsflächen seit dem Beginn der Industriellen Revolution relativ konstant entwickelt 
hat (Dosch & Beckmann 1999). 
 
Im Zuge der Wiedervereinigung nach 1990 bestand gerade im Osten Deutschlands 
ein deutlicher Nachholbedarf im Verkehrswege- und Wohnungsbau. Der Flächen-
verbrauch hat dabei mit einem täglichen Siedlungsflächenzuwachs von 40 ha (Mit-
telwert 1997-2001) einen momentanen Höchststand erreicht, wobei vor allem Flächen 
für Wohnen, öffentliche Zwecke, Handel- und Dienstleistungen überdurchschnittlich 
zunahmen (Dosch & Beckmann 1999). Der Flächenverbrauch für Siedlungs- und 
Verkehrszwecke steht in deutlichem Widerspruch zu der Notwendigkeit und gesetzli-
chen Verpflichtung, die ökologischen Potentiale der Freiflächen für die Lebensbed 
ürfnisse gegenwärtiger und zukünftiger Generationen zu erhalten. Die flächensparen-
de und bodenschonende Nutzung des Bodens ist im 1998 novellierten Bau- und 
Raumordnungsgesetz (BauROG) festgeschrieben und im von der Bundesregierung 
1998 verabschiedeten ,,Gesetz zum Schutz des Bodens und zur Sanierung von Altlas-
ten“ (BBodSchG) bekräftigt. Ziel ist es nach BBodSchG § 1, die Funktionen von Bö-
den nachhaltig zu sichern oder wiederherzustellen. 
 
Durch die steigende Intensität der Bodennutzung hat sich der Zustand des Bodens in 
der Vergangenheit vielerorts verschlechtert (SRU 2000). Die natürlichen Bodenfunk-
tionen werden durch die Versiegelung stark beeinträchtigt oder ganz unterbunden. 
Damit wird die Leistungsfähigkeit des gesamten Naturhaushaltes verringert (Bunzel 
1992). Entsprechend der Ausprägung der physikalischen und chemischen Bodenei-
genschaften kann der Verlust an Bodenfunktionalität durch Versiegelung unterschied-
lich groß sein (Mohs & Meiners 1994). 
 
Im Hinblick auf die Forderung einer nachhaltigen Sicherung oder Wiederherstellung 
von Bodenfunktionen, ist es notwendig, die Eingriffswirkungen der Versiegelung auf 
die betreffenden Funktionen zu beurteilen. Dabei kann die Analyse und Bewertung 
des Flächennutzungswandels und der Veränderungen in der Versiegelungsintensität 
unter Berücksichtigung der Wechselwirkungen zwischen Flächennutzungsstrukturen 
und den Bodenfunktionen zu einem besseren Verständnis der gegenwärtigen Verän-
derungen in der Flächennutzung und deren Folgen führen. 
 
Ziel des vorliegenden Beitrages ist es daher, den Verlust an Bodenfunktionalität 
durch die Siedlungserweiterungen und Bodenversiegelungen in den Stadtgebieten der 
Städte Halle (Saale) und Leipzig im Zeitraum von 1940 bis heute zu bilanzieren. Da-
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bei sollen vor allem die Flächennutzungsänderungen, die damit verbundenen Boden-
versiegelungen und deren Einfluss auf die Bodenfunktionen im Mittelpunkt der Be-
trachtung stehen. Im Beitrag werden folgende Punkte thematisiert: 
 

 die Erfassung des Flächennutzungswandels und der Neuversiegelung in drei 
Zeitschnitten (1940, 80er und 90er Jahre) 

 die Bewertung ausgewählter Bodenfunktionen anhand standardisierter Bewer-
tungsverfahren bzw. Modelle raumexplizit mittels eines GIS sowie 

 die anschließende Darstellung der Ausprägung der Bodenfunktionen sowie 
deren Veränderungen in den drei Zeitschnitten. 

 
Zusammenfassend kann festgestellt werden, dass in beiden Städten die reale Eva-
potranspiration mit zunehmendem Versiegelungsgrad stark abnimmt, während der 
Oberflächenabfluss zunimmt. Das bedeutet eine Verschiebung des Wasserhaushaltes 
zugunsten des Oberflächenabflusses. Bezogen auf das Jahr 1940 erhöht sich der O-
berflächenabfluss in Halle bis zum Jahr 2001 um 20%. Die reale Evapotranspiration 
beträgt im Jahr 2001 nur noch 96% der für das Jahr 1940 ermittelten Verdunstung, 
die Sickerwassermenge nur noch 95%. Für das Untersuchungsgebiet Leipzig bedeutet 
die Versiegelungsentwicklung seit 1940, dass die Verdunstung um 13% abnahm und 
der Oberflächenabfluss um 70% zunahm. 
 
Als Fazit der Arbeit ist festzuhalten, dass anhand der durchgeführten Bewertungen 
die Veränderungen der Bodenfunktionen durch die Versiegelung seit 1940 erfasst 
werden konnten. Es ist somit möglich Aussagen zu treffen, wie zukünftige Versiege-
lungen die Bodenfunktionen beeinträchtigen werden. Die detailliertesten Aussagen 
konnten dabei vor allem hinsichtlich des Wasserhaushaltes gemacht werden, während 
bei der Einschätzung der Filterfunktion und der Hemerobie nur sehr grobe Aussagen 
getroffen werden können, welche hier nicht vorgestellt wurden. Zu beachten ist, dass 
die Ergebnisse jedoch sehr stark von den Eingangsdaten abhängig sind. Im Einzelfall 
sind diese sicherlich zu überprüfen, um genauere Ergebnisse zu erhalten. 
 

Weber, N., Haase, D., Franck, U. submitted. Airborne particle number concen-
tration and acoustic noise in inner city areas. Journal for Environmental Man-
agement. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
Acoustic noise and ultrafine particle (UFP) emissions are high on the list of environ-
mental health stressors in urban areas as they are considered to belong to the main 
environmental sources for cardiovascular diseases among urban residents. Often both 
stressors occur simultaneously because the sources have the same origin, i.e. urban 
traffic. Particularly little is known about the spatio-temporal distribution of UFP con-
centrations in residential areas as well as the relation between noise and particle ex-
posure.  
 
To fill these gap, this paper focuses, in the form of a pilot study, on compiling and 
evaluating data obtained from in-situ measurements in inner urban areas. As for lar-
ger particles, also for UFP concentration and noise level a positive relationship has 
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been found, particularly for traffic-prone streets before and after the weekend. The 
study further shows the potential of in-situ experiments in form of high resolution 
information directly gathered in the housing area. It underscores that urban traffic 
results in double exposure to both, UFP and acoustic noise. 
 
This study shows that in the residential areas of a city the highest noise exposure can 
be found along frequently used streets, a lower exposure in rarely used streets. For 
example, the values detected at the sites “high traffic 1”and “high traffic 2” are as-
sumed to increase the risk of ischemic heart diseases through acoustic noise levels of 
65-70 dB (A) (Peters et al., 2001; Leksmono et al., 2006). In addition to this, high 
day- and night-time particle counts lead to an increase in heart infarction risk for in-
dividuals with ischemic heart diseases (Babisch, 2004). This pilot study demonstrates 
the associations between these two types of human exposure. Based on the results of 
this study, we propose urban planning to firstly, monitor and, secondly, find ways to 
reduce car traffic densities in residential areas. Thirdly, it will be very reasonable to 
prevent “low-traffic” streets from additional cars when generally reducing the car 
density in residential areas since they represent low-exposure living sites in dense 
residential areas with a comparatively low health risk to both UFP and noise expo-
sure. 
 

Weichel, T., Schulz, K., Haase, D., 2006. Effektive Ansätze zur Beschreibung des 
Hochwasserrisikos urbaner Bereiche. Forum für Hydrologie und Wasserbewirt-
schaftung 16.06 (3), 177-180. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
Urbane Räume benötigen aufgrund ihrer Werteakkumulation und Schadenspotentiale 
eine besondere Effektivität und Nachhaltigkeit hinsichtlich des Hochwasserschutzes. 
Die Autoren beschäftigen dazu mit Fragen der Bewertung der Effektivität hydrody-
namisch ausgewiesener Hochwasserrisikoflächen, welche eine wesentliche Basis 
raumplanerischer Entscheidungen darstellen. Die Ergebnisse sollen als Entschei-
dungsgrundlage für effektive kommunale Hochwassermanagementstrategien mit dem 
Ziel der Minderung von Schadenspotentialen exponierter urbaner Strukturen dienen. 
Methodisch werden dazu die Berücksichtigung und Qualität ausgewählter hydrody-
namischer Prozessgrößen sowie deren raum-zeitliche Veränderlichkeit bzw. Unsi-
cherheiten untersucht. 
 
Urbane Räume unterliegen aufgrund zahlreicher Interessen und Ansprüche in beson-
derer Weise einem dynamischen Flächennutzungs- und Flächenwertewandel. Die 
Entwicklungen der Vergangenheit gingen dabei oftmals zu Lasten der potentiellen 
Überschwemmungsgebiete (Haase, 2003). Die Ausweisungen von Hochwasserrisiko-
flächen (WHG 2005) berücksichtigt diese Trends sich verändernder Wertakkumulati-
onen jedoch nicht. Um langfristig angelegte Hochwasserschutz-maßnahmen effizient 
umzusetzen, könnte die Integration potentieller städtebaulicher Entwicklungstrends, 
eine sinnvolle Erweiterung des Konzeptes der Hochwasserrisikoflächenausweisung 
darstellen. Über die Zielgröße Flächennutzung sollen der dynamische Landnutzungs- 
und Schadenpotentialwandel urbaner Räume in die Modellergebnisse bzw. die Erstel-
lung von Hochwasserrisikokarten integriert werden. Dadurch erhöht sich deren nach-
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nachhaltige Belastbarkeit. Als Prozessvariablen werden neben dem 
flächennutzungsabhängigen Rauhigkeitsverhalten (Werner et al., 2005), Änderungen 
der Topographie betrachtet und auf ihre Wirksamkeit (Aronica et al., 1998) in der 
hydrodynamischen Modellierung hin analysiert. Dazu wird u. a. die Erfassung 
hydrodynamisch wirksamer Veränderungen mittels flugzeuggetragener 
Laserscannersysteme (LIDAR) untersucht. Über die bidirektionale Kopplung an ein 
räumlich explizites Stadtmodell werden die Arbeiten diesbezüglich weitergeführt. 
 
Die Autoren verwenden zur hydrodynamischen Modellierung des Oberflächen-
wassers das Programm TRIMR2D (Transient Inundation Model for Rivers-2 
Dimensional). TRIMR2D ist ein 2-dimensionales hydrodynamisches Modell, welches 
ursprünglich als Modell TRIM (Casulli, 1990) für die Modellierung von 
Küstengewässern entwickelt und später durch den U.S. Geological Survey (Walters 
and Denlinger, 1999) für Fließgewässer weiterentwickelt wurde. Es basiert auf einer 
semi-impliziten numerischen Umsetzung der Kontinuitäts- und Massenerhaltungs-
gleichung mittels semi-Lagranian Finite Differenzen Methode. Neben der hohen 
Stabilität des Modells, auch für große Untersuchungsgebiete, stellte die „open source“ 
Nutzung einen wesentlichen Grund für die Auswahl des Programms hinsichtlich der 
projektbezogenen Modellkopplung dar. 
 

Haase, D., H. Neumeister, 2001. Anthropogenic impact on fluvisols in German 
Floodplains. Ecological processes in soils and methods of investigation. 
International Agrophysics, 15(1), 19-26. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
The region of the Leipzig floodplain areas (Germany) with one of the most beautiful 
floodplain forests in Europe as well as partly degradated soils contains. The rivers of 
the Weisse Elster and Pleisse and it’s catchments are examples of very strong human 
impact on wetland ecosystems in Germany. The open cast lignite coal mining in the 
south of Leipzig as well as the chemical industries were the source of mil-lions of 
tons of toxic organic and inorganic contaminants of which some have been 
accumulated in the floodplains of the Weisse Elster and Pleisse rivers and their 
floodplains. In recent years international investigation dealing with the ecological 
problems of the region has been undertaken. This paper considers some examples of 
soil investigation having been done at the geographical department of the Leipzig 
University. Most of all questions of the soil matter flows (mobilization, complexing) 
of nutrients and harmful substances (e.g. heavy metals) will be discussed here. 
 
The acidity of the upper horizons of the fluvisols in the floodplain forests of Leipzig 
strongly depend on the spatial distribution of the trees. As well, the soil acidity 
depends on the season, the troughfall and on the kind of tree. With the run-off of the 
trees there occurs also an input of organic humic acids into the upper soil horizons. 
Within the soil body the acid inputs lead to element specific mobilization and chan-
ging of the bonds. Not only acid input is followed by the solution of nutrients and 
metals but also alcaline deposition provokes leaching of heavy metal-humic-
complexes (Cu, Pb). 
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The results of the investigation show that the pH, measured in-situ, as well as the 
buffering qualities of the soil body can be considered as main parameters (master 
variables) to describe the actual processes occuring in fluvisols. Such kind of results 
are urgent requirement of the construction of a long-time-monitoring of the positive 
and harmful effects on soils in floodplain forests including both, regional fluctuations 
and a long time registration. At least a database is needed for the forest management 
and forest economy as a  requirement to build up a soil information system (SIS) of 
the floodplains, require-ment for the decision making to create or to enlarge environ-
mental protection areas within the floodplain forests. 
 

4.3. Impact on ecosystems  

Haase, D., 2008. Urban ecology of shrinking cities: an unrecognised pportunity? 
Nature and Culture 3, 1-8. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
Whereas environmental and social impacts of urban sprawl are widely discussed 
among scholars from both the natural and social sciences, the spatial consequences of 
urban decline are nearly neglected when discussing the impacts of land transition. 
Within the last decade, “shrinkage” and “perforation” have arisen as new terms to 
explain the land use development of urban regions faced with demographic change, 
particularly decreasing fertility, aging, and out-migration. Although shrinkage is far 
from being a “desired” scenario for urban policy makers, this paper argues that a per-
foration of the built-up structure in dense cities might bring up many positive implica-
tions. 
 
To summarise, Urban shrinkage allows us to contemplate a “resurgence” of nature 
into inner cities that are densely populated and have been built up “for ages.” In this 
vein, ideas regarding “urban wilderness” for recreational and educational purposes 
are of concern among urban planners and landscape architects who are confronting 
this shrinkage (Rink 2005). The eastern German city of Leipzig, a “model city,” has 
made the novel suggestion of creating urban greenery in the form of temporary gar-
dens at core city demolition sites (as a kind of planned alternative) and spontaneous 
and ruderal nature on former brownfields (as a kind of unplanned alternative). De 
Sousa (2003) perceives green sites developed from inner-city brownfields as “flag-
ships” or “experimental fields” that serve as models for future greening endeavors to 
improve both local biodiversity and human livelihoods. Besides total demolition of 
houses, shrinkage also leads to a deconstruction of multistory housing stock in the 
form of a transition toward more spacious housing and living conditions in densely 
urbanized environments: bigger apartments with nonclassical layouts and integrated 
patios and terraces, as well as higher shares of urban green and “landscape” within 
the neighborhood.  
 
Doubtless, there is considerable potential for social, residential, and ecological im-
provement in shrinking cities, which, through exploring opportunities as discussed 
above, might attract new residents for a longer period of time and keep local dwellers 
in the city, instead of having them choose the detached-house alternative. This opens 
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a new pathway to counteracting urban sprawl. Such as perspective argues that resi-
dential and commercial vacancies and the subsequent demolition represent an oppor-
tunity for the enlargement of urban green networks and, to some extent, the ecologi-
cal restoration of cities. 
 

Strohbach, M., Haase, D., Kabisch, N. submitted. Birds and the city - urban bio-
diversity, land-use and socioeconomics. Urban Ecosystems. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
Cities cover roughly 3% of the earth surface, but they are home to more than a half 
the world’s population. The accelerating urbanization has negative impacts on biodi-
versity and there are concerns that it leads to an increasing separation of humans from 
nature. However, urban areas provide heterogeneous habitats and thus hold a consid-
erable potential for biodiversity. In addition, for North America recent empirical evi-
dence suggests, that urban bird diversity not only mirrors land-use patterns, but also 
human quality of life within a city. 
  
This paper presents a study of the bird diversity of Leipzig, Germany, in relation to 
land-use patterns and socioeconomic variables indicating quality of life. The results 
show significant correlations between diversity and major quality of life variables 
such as population density, household income and natural green space. Urban districts 
with high amounts of urban green and waters but also with higher income resulted to 
host the highest number of species. 
 
In this paper we presented  a study of the spatial distribution of bird diversity in Leip-
zig, Germany, in relation to land-use pattern and socioeconomic variables. The results 
clearly show significant correlations between the species diversity and major quality 
of life variables such as population density, household income and urban land-use. 
Municipal districts with high amounts of urban green and open waters host the high-
est number of species but there is also evidence that districts with higher social status 
experience a higher bird diversity.  
 
We found highest species richness of birds along bio-physical structures, in particular 
water and floodplain areas. In this sense, smaller numbers of species were found in 
densely built up areas, residential areas with a high population density and in com-
mercial and industrial areas. Regarding the relationships between socioeconomic 
variables and breeding bird diversity we identified, residential areas of higher socio-
economic status to tend to have a higher bird diversity due to their location along 
forests, parks and rivers and presumably higher quantity and quality of greenery and 
gardens. What implications does this have for biodiversity in a city with a shrinking 
and aging population? What effect does  renewal or restructuring of the built-up area 
in the city brings about for bird species diversity? How should the built environment 
be designed? 
 
The role of urbanisation in the loss and degradation of global biodiversity was ac-
knowledged in the local Agenda 21 (United Nations, 1992)  processes and in the 
Convention on Biological Diversity in 1992 (CBD, 1992). However, whilst cities 
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pose major challenges for protecting biodiversity, simply in terms of representing 
places where nature and people interact, the opportunities they offer have, so far, been 
understated. Cities are both important experimental areas and fields of experience in 
the interrelationship between humans and nature. Experiencing urban biodiversity 
will be the key to halt the loss of global biodiversity, because people are more likely 
to take action for biodiversity if they have direct contact with nature  as has been 
stated in the Erfurt Declaration (URBIO, 2008). We think that land use changes in 
accordance with urban renewal  Leipzig is currently facing offer the chance to en-
hance the quality of life of many people by developing green spaces in districts that 
where formerly lacking them (City of Leipzig, 2007). In order to make experience of 
nature possible and to avoid and minimize environmental injustice (Low and Gleeson, 
1998, cited in Heynen, 2003), much effort should be put in a biodiversity enhancing 
design and connectivity of the habitats, especially in poorer areas where people will 
most likely have less resources to spend on travel. Also great effort should be put on 
conserving the natural green spaces that still exist, from development. This is far from 
being altruistic if one considers the benefits humans get from green spaces like cli-
mate mitigation, attractiveness or health (Ulrich, 1984). Only recently, Mitchell & 
Popham (2008) have shown that exposure to high quality green spaces can actually 
mitigate socioeconomically induced health inequalities. This paper is a contribution 
to shed light on the spatial and social dimension of this urban human-nature interac-
tion relating bird species diversity with land-use and residents’ quality of life. 
 

Mehnert, D., Haase, D., Lausch, A., Auhagen, A., Dormann, C.F., Seppelt, R., 
2005. Bewertung der Habitateignung von Stadtstrukturen unter besonderer Be-
rücksichtigung von Grün- und Brachflächen am Beispiel der Stadt Leipzig. Na-
turschutz und Landschaftsplanung 2, 54-64. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
Die Berücksichtigung von tierökologischen Fragestellungen in der landschaftsplane-
rischen Praxis ist häufig mit Schwierigkeiten verbunden. Im Rahmen von faunistisch-
tierökologischen Beiträgen in der Landschaftsplanung (z.B. Landschaftsplan, Ein-
griffsregelung) sind oftmals Defizite bezüglich Erfassung sowie Bestandsanalyse und 
-bewertung erkennbar (Brinkmann 1998). Habitatmodelle ermöglichen die Formali-
sierung der Beziehung zwischen Tierarten und ihrer Umwelt. Es existieren zahlreiche 
Arbeiten zur Modellierung von Habitaten als Grundlage für den Artenschutz in der 
freien Landschaft, wohingegen wenige Arbeiten diese Thematik im urbanen Raum 
behandeln. 
 
Die vorliegende Untersuchung zeigt eine Methode zur Bewertung von Stadtstrukturen 
basierend auf der Habitatmodellierung, welche faunistische Vorkommensdaten sowie 
allgemein verfügbare abiotische und biotische Daten nutzt. Mit Methoden der Geoin-
formation und angewandter Statistik (ENFA – Ecological Niche Factor Analysis) 
werden die Stadtstrukturen hinsichtlich der Habitateignung für die zwei ausgewählten 
Zielarten Dorngrasmücke (Sylvia communis) und Grünspecht (Picus viridis) bewertet. 
Die ENFA ermöglicht sowohl die Berechnung der Habitateignung (HSI – Habitat-
Suitabiltiy-Index) als auch die Erstellung von Habitateignungskarten (HSI-Karten). 
Die ermittelten HSI-Werte dienen als Grundlage für die Bewertung der Stadtstruktu-
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ren und unterstützen so städtische Planungsentscheidungen in der Stadtentwicklungs- 
und Landschaftsplanung. 
 
Die Berechnung der Habitateignung mit angewandter Statistik (ENFA) und die Über-
tragung der Habitateignungswerte auf die Geometrien der Stadtstrukturen erwies sich 
als zielführende Methode, Stadtstrukturen auf der Grundlage von allgemein verfügba-
ren faunistischen sowie abiotischen und biotischen Daten flächendeckend hinsichtlich 
Habitateignung zu bewerten. Die ENFA stellte sich als geeignetes Verfahren zur Be-
stimmung der Habitatpräferenzen heraus. Insbesondere die Vorteile (z.B. Präsenzda-
ten ausreichend, GIS-Implementierung, kostenlose Verfügbarkeit von Biomapper, 
gute Visualisierung, dokumentierte und wissenschaftlich akzeptierte Methode) ge-
genüber anderen statistischen Verfahren wurden deutlich. 
 
Die im Modell verwendeten Daten können als bedingt geeignet angesehen werden. 
Problematisch erscheinen die inhaltliche und räumliche (mitunter zu geringe) Auflö-
sung (z.B. Klimadaten) sowie die Aktualität. Ein weiteres Problem besteht in der Ver-
fügbarkeit von flächendeckenden abiotischen und biotischen Daten für die Stadt 
Leipzig in den aktuellen Stadtgrenzen, insbesondere, da sich die Stadtfläche seit der 
Wiedervereinigung 1989 nahezu verdoppelt hat (von 150 auf ca. 300 km2). Problema-
tisch erscheint die Nutzung der Vorkommensdaten als 500x500 m-Raster. Es wird 
davon ausgegangen, dass die Art in diesem Raster vorkommt und damit auch der Ak-
tionsradius mit diesem Raum übereinstimmt. Eine andere Herangehensweise ist mög-
lich, wenn Punktdaten zur Verfügung stehen. In diesem Fall wird ein Puffer gebildet, 
der als Aktionsraum der Art angenommen wird. Für diese Art von Analyse ist aller-
dings eine Voruntersuchung notwendig, in wieweit dieser Radius adäquat für die Art 
ist. Im urbanen Raum ist aufgrund seiner Heterogenität und dem großen Struktur-
reichtum die Frage nach der Repräsentativität von punktuellen Daten noch brisanter 
(Breuste, 2002). 
 
Die für die ENFA notwendige Datenaufbereitung ist relativ aufwendig. Allerdings 
beruht der hier vorgestellte Ansatz auf ausschließlich allgemein verfügbaren digitalen 
Daten und ist somit auch in anderen urbanen Räumen für vergleichbare Zielstellun-
gen anwendbar. Die ausgewählten Zielarten erwiesen sich als weitestgehend geeignet 
für die Bewertung der ausgewählten Stadtstrukturen. Die Dorngrasmücke als Offen-
landart meidet eng bebaute Bereiche und kann daher für die Bewertung von inner-
städtischen Brachflächen nur bedingt Aussagen treffen. Des Weiteren ist die Dorn-
grasmücke eher eine euryöke Art und damit nur eingeschränkt als Zielart geeignet. 
Möglicherweise ist für diese Zwecke eine andere Art oder eine Art einer anderen 
Tiergesellschaft, z.B. Amphibien, Reptilien besser geeignet. Auch die Bildung von 
Tierartengruppen kann zu einer Verbesserung der Ergebnisse führen. Begrenzend 
kann allerdings auch hier wieder die Datenlage der vorhandenen Präsenzdaten sein. 
 
Kritisch müssen die vielfältigen Faktoren mit Einfluss auf das Modellergebnis gewer-
tet werden. Dies betrifft insbesondere die Qualität der Datengrundlage und die Stim-
migkeit der Daten in Raum und Zeit. Auch die Auswahl der Parameter und die Quan-
tifizierbarkeit beeinflussten das Ergebnis. Es ist ebenso nicht auszuschließen, dass 
relevante Parameter nicht betrachtet wurden. Außerdem ist es möglich, dass die in-
haltliche Auflösung der Stadtbiotopkartierung zu gering ist und somit Habitatstruktu-
ren, die für das Vorkommen der Arten relevant sind, gar nicht erfasst wurden (Jedi-
cke, 1996).  
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Die Ergebnisse zeigen, dass einige Hypothesen zu den Habitatpräferenzen der Arten 
nicht angenommen werden konnte. Im Modell der Dorngrasmücke wurden 71% und 
im Modell des Grünspechts 57% der Hypothesen bestätigt. Daraus kann man aber 
nicht schließen, dass diese Habitatpräferenzen nicht für in der Stadt vorkommende 
Arten gelten. Die Ablehnung hat andere Gründe, so z.B. die Lage einiger präferierter 
Stadtstrukturen innerhalb der Stadt. Wichtig ist, dass generelle Vorlieben der Arten 
für bestimmte Biotope bzw. Stadtstrukturen bestätigt werden konnten und somit mög-
licherweise mit den Habitatpräferenzen der Arten in der freien Landschaft überein-
stimmen. Insbesondere die Brachflächen, die eine relativ neue Form von Land Cover 
in Leipzig darstellen und mit einem negativen Image besetzt sind, erhielten haupt-
sächlich im peripheren Bereich der Stadt hohe Wertstufen. Dies gilt ebenso für die 
Grünflächen, die sich in unmittelbarer Umgebung der Auen, als überregional und 
national bedeutsames Relikt, befinden. 
 
Für die Wertübertragung der HSI-Werte auf die zu untersuchenden Flächen sind Mit-
telwertberechnung und Überkreuzung-intersect als zielführend einzuschätzen, da eine 
für die Planung notwendige Differenzierung erhalten bleibt. Die Analyse zum Grünen 
Ring zeigte, dass die Flächen nur bedingt für den Grünspecht geeignet sind. Somit 
kann man für die Planung schließen, dass auch innerstädtische Grünflächen und 
Stadtstrukturen jeder Größe, für den Arten- und Biotopschutz von Bedeutung sind. 
Demnach wäre im Folgenden zu prüfen, inwieweit diese Flächen dem Leitbild des 
Grünen Rings entsprechen und somit integriert werden können. Der Anwendung der 
Ergebnisse in der Planung sind Grenzen gesetzt. Will man Vorhersagekraft erreichen, 
sind die erzielten Ergebnisse anhand von Felddaten zu validieren. Ebenso ist die Be-
trachtung weiterer nicht erfasster Parameter von Bedeutung. 
 
Habitatmodelle dienen der Prognose von Umweltauswirkungen im Rahmen von pla-
nungsrelevanten Entscheidungen (z.B. Eingriffe oder Kompensations- und Pflege-
maßnahmen), um die Transparenz, Nachvollziehbarkeit und Objektivität in der Pla-
nung zu erhöhen (Schröder, 2000). Dabei erleichtern die ermittelten Ergebnisse die 
Bewertung und Beurteilung, landschaftsplanerische Fragestellungen betreffend. Be-
sonders interessant für urbane Räume wäre die Untersuchung von Arten, die eine 
hohe Bindung an den urbanen Raum haben, z.B. Gebäudebrüter. Demzufolge wäre es 
zu prüfen, ob es Möglichkeiten gibt, mit vertretbarem Aufwand relevante Daten zu 
erheben. Habitatmodelle erklären nur einen Teil des Vorkommens der Arten. Mit 
Populationsmodellen wären, im Gegensatz zu Habitatmodellen, umfassendere Beur-
teilungen von Eingriffen in Natur und Landschaft im Rahmen von Eingriffsbewertun-
gen und Umweltverträglichkeitsprüfungen möglich. 
 
Generell ist es das Ziel, die Vorhersagekraft und Güte von Habitatmodellen und somit 
die Bewertung und Beurteilung im Rahmen von landschaftsplanerischen Fragestel-
lungen zu verbessern. Nach Blaschke (2004) werden Modellierungen in den nächsten 
Jahren im Blickpunkt der Forschung stehen, da flächenhafte Aussagen mit „Mut zur 
Unschärfe“ beispielsweise für Monitoringaufgaben (Natura 2000-Netzwerk) benötigt 
werden. Modelle sind in jedem Fall Abstraktionen und beinhalten Probleme hinsicht-
lich Aussagekraft und Gültigkeit. Habitatmodelle können für die Naturschutzfor-
schung und –praxis wesentlich sein, wenn sie „predictive power“ besitzen, Potenziale 
benennen und somit für die Prognose des Vorkommens und der Überlebensfähigkeit 
von Arten geeignet sind. 
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4.4. Multi-criteria and integrated assessment approaches  

Haase, D., Nuissl, H., 2007. Does urban sprawl drive changes in the water bal-
ance and policy? The case of Leipzig (Germany) 1870-2003. Landscape and Ur-
ban Planning 80, 1-13. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
Assessment of the environmental impact of urban sprawl being understood here as the 
conversion of non-urban to urban land is still a subject for debate. Another shortcom-
ing of the current discourse on urban sprawl is that it largely fails to reflect the inter-
connection of environmental and socio-economic aspects. In presenting a case study 
on the German city of Leipzig and applying the conceptual framework of driving 
forces, pressure, state, impact, and response (DPSIR-concept), this paper strives to 
assess the impact of urban sprawl on water balance and explores the repercussions of 
this impact upon the causation of and policies on urban sprawl. The study establishes 
that urban sprawl and related surface sealing have considerable impact on water 
fluxes and the urban water balance that may become imminent in the longer run. 
However, the study also shows that societal reactions on urban sprawl, first of all the 
attempts of both authorities and public initiatives to contain sprawl, are hardly moti-
vated or influenced by concerns about environmental problems in a particular place 
(affected by urban sprawl). These attempts are mainly carried out on a national and 
regional level and reflect a general orientation in environmental politics rather than 
the desire to respond to individual urban developments. The study thus shows that the 
environmental impact of sprawl elicits only indirect repercussions in society. 
 
Drawing on a long-term observation of land-use change in the city of Leipzig this 
paper proves that urban sprawl has considerable impact on the urban water balance. It 
highlights the problems that can arise in the long run due to the accumulation of this 
impact on the city or regional scale and thus gives an example of how severely urban 
growth on a city’s fringes can affect environmental features such as water balance in 
quantitative terms. The paper further discusses the extent to which the impact of ur-
ban sprawl on the water balance has a feedback on how society handles and regulates 
the use of land. It has been found that, even though several actors do pay attention to 
the problem of urban sprawl, they are usually not concerned about its impact on the 
environment in general, or water balance in particular, in a specific region. It is there-
fore possible to conclude that land-use policy will not adapt automatically to the envi-
ronmental challenges posed by urban sprawl. Rather it is a question of political argu-
ment on all levels of policy making and spatial planning whether these long-term 
hazardous challenges will be tackled. 
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Schetke, S., Haase, D. 2008. Multi-criteria assessment of socio-environmental 
aspects in shrinking cities. Experiences from Eastern Germany. Environmental 
Impact Assessment Review 28, 483-503. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
Demographic change and economic decline produce modified urban land use pattern 
and densities. Compared to the beginning of the 90s after the German reunification, 
nowadaysmassive housing and commercial vacancies followed by demolition and 
perforation come to pass in many cities of the formerGDR. In consequence, a consid-
erable surplus of urban brownfields has been created. Furthermore, the decline in the 
urban fabric affects social infrastructure and urban greenery of local neighbourhoods. 
Here, urban planning enters into ‘uncharted territory’ since it needs to assess the 
socio-environmental impact of shrinkage. 
 
In order to carry out such an evaluation quantitatively, amulti-criteria assessment 
scheme (MCA) was developed and applied. Firstly, we identified infrastructure and 
land use changes related to vacancy and demolition. Secondly, demolition scenarios 
for the coming 20 years were applied in order to give an idea for a long-term monitor-
ing approach at the local district level. A multi-criteria indicator matrix quantifies the 
socio-environmental impact on both urban greenery and residents. Using it, we set 
demolition scenarios against urban ‘quality of life’ targets. Empirical evidence comes 
from Leipzig, in eastern Germany, a representative case study for urban shrinkage 
processes. 
 
The results show that shrinkage implies socio-environmental changes of residential 
livelihoods, however, does not simply increase or decrease the overall urban quality 
of life. The integrated assessment of all indicators identifies environmental and social 
opportunities, as well as the challenges a shrinking city is faced with: Land use and 
urban fabric development in shrinking cities are still in need of micro-scale findings 
of empirical research. We presented an innovative study that differentiates all the 
heterogeneous processes and phenomena of shrinkage in order to illustrate its impact 
on the socioenvironmental urban dimensions. As a result of this study, we have found 
that for a neighbourhood such as Leipzig-Grünau, increasing demolition can lead to 
blurred structures, while for parts of East Leipzig it can be a blessing.  
 
Based on the results of the MCA, the authors see different development options for 
both test areas under conditions of further shrinkage. Perforation turns Leipzig-
Grünau into a greener and more nature-oriented area and creates space for more spa-
cious livelihoods with seminatural biotopes. Following current trends of the housing 
sector development in Germany, there is still a continuous ‘thirst for land’ by land 
developers and project planners despite declining population numbers. Thus, urban 
expansion seems to be another option, too. Districts such as East Leipzig might coun-
teract urban sprawl since re-densification and re-urbanisationwill take place. Here, in 
particular a quality enhancement of urban green will lead to a higher quality of life 
and thus attract urban dwellers to these neighborhoods. 
 
Taking into account what has been found in this study, the indicator set gives an idea 
for a long-term monitoring approach of sustainable urban open space development 
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and urban greenery at the district level (according to the initial ideas of URGE, and 
thus as a kind of enhancement). Scientific evidence is needed that clearly sets out the 
socio-economic benefits and multiple contributions of urban green spaces to the qual-
ity of urban life (Bryant, 2006). Only then, an influence of local decisionmaking in 
European cities towards reinforcing the contribution of the greenery to a healthy liv-
ing environment is possible, particularly for a case involving a shrinking city. The 
MCA presented here provides a valuable contribution through combining different 
dimensions of sustainability when looking at urban shrinkage as required by Ravetz 
(2000) or Wiek and Binder (2005). 
 
The study has further proved that there exists a strong overlap of the different func-
tions of urban green such as stated in Turner (2006): scenic value, ecological value, 
hydrological value and recreational value. Normally, these values overlap. They are 
not likely to be co-incident and they are not likely to be confined to open space in 
public ownership. Yet, each of them is needed by landscape planning in order to con-
serve and enhance the quality of the environment. Still missing are indicators looking 
at acceptance, utilization and economic value of urban green (Breuste, 2003). They 
might supply an answer as to whether demolition influences urban green spaces posi-
tively, or if it has less importance. The results of this study clearly show that the 
structure of the urban fabric - huge open lawns in Leipzig-Grünau or cosy backyards 
in Leipzig East - has a strong influence on the shape of open and green spaces after 
demolition. In conclusion, the development and application of such amulti-
criteriamethodology forms a sound scientific base for an overall and more integrated 
socio-environmental planning in relation to population, urban fabric, green and infra-
structure network of shrinking cities. 
 

Haase, D., Schetke, S. in press. Potential of biodiversity and recreation in shrink-
ing cities: contextualisation and operationalisation. Blackwell Academic Publish-
ing "Conservation Science and Practice Series". 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
Whereas environmental and social impacts of urban sprawl are widely discussed 
among scholars from both the natural and social sciences, the spatial consequences of 
urban shrinkage are almost neglected when discussing the impacts of land use 
change. Within the last decade, shrinkage and perforation have arisen as new terms to 
explain the land use development of urban area faced with demographic decline, par-
ticularly decreasing fertility, aging, and out-migration. Although shrinkage is far from 
being a “desired” scenario for urban policy makers, this paper argues that a perfora-
tion of the built-up structure in dense cities might bring up many positive implications 
and potential for urban biodiversity. The paper introduces firstly an approach how to 
set shrinkage along with biodiversity into context. Furthermore, this approach is to be 
extended by presenting an integrative indicator matrix focussing on especially eco-
logical but also social impacts of shrinkage embedded in scenario analysis. 
 
As we have shown in this paper, there is considerable potential for biodiversity and 
the improvement of urban green systems within shrinking cities. The same counts 
forsocial and residential improvement, which has been outlined peripherally in the 
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last section. Exploring opportunities as discussed above using the example of the city 
of Leipzig, might attract new residents for a longer period of time and keep local 
dwellers in the city, instead of having them choose the detached-house alternative. 
We have learnt about the positive structural enrichments of shrinkage due to land-
scape metrics in relation to single species and newly emerging spatial pattern. In addi-
tion to that we presented a MCA-scheme extending the findings on landscape metrics 
and embedding them into a set of ecological as well as scoial indicators. Here the 
paper shows an indicator-based integrated assessment approach to contextualise 
shrinkage and quantify its effects. Interdisciplinary decision making requires integra-
tive tools for assessment in order to overcome optimization on sectoral output at the 
cost of higher interdisciplinary synergy and of the total value of urban green spaces. 
This is a valuable contribution in combining different dimensions of sustainability in 
urban shrinkage and to assess its socio-environmental impacts within a long-term 
scenario analysis.  
 
Based on the findings of biodiversity and greenspace potentials, the paper argues that 
residential and commercial vacancies and the subsequent demolition represent an 
opportunity for the enlargement of urban greenspace and, to some extent, the ecologi-
cal restoration of cities. 
 

Meyer, V., Haase, D., Scheuer, S., 2009. A multicriteria flood risk assessment 
and mapping approach. In: Samuels, P. et al. (eds). Flood Risk Management 
Research and Practice. Taylor & Francis, pp. 1687-1693. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
Flood risk analysis and assessment are integral parts of the flood risk management 
approach. 
However, some deficits can be recognised in today’s practice with regard to the fol-
lowing aspects: a) The focus of flood risk assessment is still very much on economic 
flood risks. Social and environmental flood risks are often neglected. Consequently, 
the results of risk assessment can be incomplete and biased. b) The spatial distribution 
of risks as well as of the benefits of flood mitigation measures is rarely considered. c) 
Uncertainties in the results of risk assessment are often ignored. In this paper we want 
to present a GIS-based multicriteria flood risk assessment and mapping approach.  
 
Our approach can be used for an integrated assessment of economic, as well as social 
and environmental flood risks. Furthermore, the spatial distribution of these multiple 
risks as well as of the effects of risk reduction measures can be shown by this map-
ping technique. Moreover, possibilities are shown how to deal with uncertainties in 
criteria values and to demonstrate their influence on the overall assessment. The ap-
proach is applied to a pilot study at the River Mulde in Saxony, Germany, heavily 
affected by the hazardous flood in 2002. Therefore, a GIS-dataset of economic as 
well as social and environmental risk criteria was built up. Two different multicriteria 
decision rules, a disjunctive approach and an additive weighting approach are used to 
come to an overall assessment and mapping of flood risk in the area. Both, the risk 
calculation and mapping of single criteria as well as the multicriteria analysis are 
supported by a software tool (FloodCalc) which has been developed for this purpose. 
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The approach introduced in this paper aims to improve flood risk assessment in three 
ways: Firstly, to include non-monetary risks in the overall flood risk assessment. Sec-
ondly, to show the spatial distribution of these multicriteria risks. Thirdly, to show 
possibilities for dealing with the uncertainties associated with the criteria evaluation. 
Therefore, we developed a framework for a GISbased multicriteria analysis which 
can be applied for an integrated assessment and mapping of flood risks.  
 
This approach was applied to a pilot site, the Vereinigte Mulde in the federal state of 
Saxony, Germany. First of all a set of evaluation criteria was selected which encom-
passes economic as well as environmental and social flood risk indicators. For each of 
the criteria, damage evaluation methods were applied in order to produce risk maps. 
Two different MCA approaches were tested in order to aggregate these different crite-
ria risk maps: a disjunctive approach and an additive weighting approach. Our pilot 
study showed that both are appropriate for use within the framework of multicriteria 
risk mapping. The additive weighting approach would furthermore be applicable to 
show the spatial distribution of benefits of certain flood risk reduction measures. As 
documented for the economic criterion, uncertainties in flood risk assessment can be 
considered in a simple way by calculating mean, minimum and maximum risk esti-
mations.  
 
As a further result, an alpha version of a software tool was developed (FloodCalc; 
Meyer et al., 2008), which supports not only the calculation and mapping of the dif-
ferent damage and risk criteria, but also the two different MCA-procedures mentioned 
above. However, our approach should be seen only as a first step towards an inte-
grated risk mapping approach. Several points need further improvement. Firstly, the 
set of criteria could be extended or improved and the methods for the calculation of 
these risk criteria could be further refined. Secondly, uncertainties are documented 
only for the economic criterion. This could be extended also to the other criteria. 
 
Finally, and maybe most important, the selection and weighting of criteria are crucial 
parts of any multicriteria approach which have high influence on its outcomes. Here, 
rules and procedures have to be further elaborated for the involvement of decision 
makers and stakeholders to ensure the legitimacy of judgements. 
 

Meyer, V., Scheuer, S., Haase, D. 2008. A multi-criteria approach for flood risk 
mapping exemplified at the Mulde river, Germany. Natural Hazards 48, 17–39. 
DOI: 10.1007/s11069-008-9244-4. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
In this paper we develop a GIS-based multicriteria flood risk assessment and mapping 
approach. This approach includes flood risks which are not measured in monetary 
terms; it shows the spatial distribution ofmultiple risks, and it is able to deal with un-
certainties in criteria values and to show their influence on the overall flood risk as-
sessment.Additionally, the approach can be used to show the spatial allocation of the 
flood effects if risk reduction measures are implemented. The approach is applied to a 
pilot study for the River Mulde in Saxony, Germany, heavily affected by the hazard-
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ous flood in 2002. Therefore, a GIS database of economic, social and environmental 
risk criteria was created. Two different multicriteria decision rules, a disjunctive and 
an additive weighting approach, are utilised for an overall flood risk assessment in the 
area. For implementation, a software tool (FloodCalc) was developed supporting 
both, the risk calculation of the single criteria as well as the multicriteria analysis. 
 
To summarise, in this paper we have shown an approach to improve flood risk as-
sessment in three ways: Firstly, to include non-monetary risks in the overall flood risk 
assessment. Secondly, to do this in a spatially differentiated way, i.e. to describe also 
the spatial distribution of these multicriteria risks. Thirdly, to show possibilities for 
dealing with the uncertainties associated with the criteria evaluation. 
 
Therefore, we developed a framework for a GIS-based MCA which can be applied 
for an integrated assessment and mapping of flood risks. This approach was applied 
to a pilot site, the Vereinigte Mulde in the federal state of Saxony, Germany. First of 
all, a set of evaluation criteria was selected which encompasses economic as well as 
environmental and social flood risk indicators. For each of the criteria, damage 
evaluation methods were applied in order to produce risk maps. Two different MCA 
approaches were tested in order to aggregate these different criteria risk maps: a dis-
junctive approach and an additive weighting approach. Our pilot study showed that 
both are appropriate for use within the framework of multicriteria risk mapping. The 
additive weighting approach would furthermore be applicable to show the spatial 
distribution of benefits of certain flood risk reduction measures. Regarding the con-
sideration of uncertainties, at least for the economic criteria, an approach was shown 
as to how such uncertainties can be documented and dealt with. 
 

Meyer, V., Haase, D., Scheuer, S. in press. Flood Risk Assessment in European 
River Basins - Concept, Methods and Challenges. Integrated Environmental As-
sessment and Management. 

(Reprint of the paper cf. Annex A3) 

Summary and Conclusions 
 
Flood risk assessment is an essential part of flood risk management, a concept that is 
becoming more and more popular in European flood policy and is part of the new 
European Union flood directive. This paper gives a brief introduction into the general 
concept and methods of flood risk assessment. Furthermore, 3 problems in the practi-
cal application of flood risk assessment, particularly on the river basin scale, are dis-
cussed: first, uncertainties in flood risk assessment; second, the inclusion of social 
and environmental flood risk factors; and third, the consideration of the spatial di-
mension of flood risk. In the 2nd part of the paper a multicriteria risk mapping ap-
proach is introduced that is intended to address these 3 problems. 
 
The new paradigm of flood risk management is obviously getting more and more 
popular in flood policy in Europe, and it is the conceptual background for the new 
European Union flood directive. The assessment of flood risks is an essential part of 
this approach. This paper briefly described the general concept of assessing flood risk 
as well as different approaches for flood damage evaluation. We furthermore outlined 
3 problems in the current practical application of flood risk assessment: 
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1. How to deal with uncertainties in the results of flood risk assessment; 
2. How to include social and environmental flood risks; 
3. How to properly consider the spatial distribution of flood risks. 

 
We introduced a multicriteria risk mapping approach which tries to consider these 3 
problems. First, at least for the economic criterion, methodological uncertainties in 
the results are documented by mean, maximum, and minimum risk values. Second, 
our approach includes an exemplary set of economic as well as social and environ-
mental flood risk criteria. These different criteria can be aggregated by means of a 
multicriteria decision rule being a simple additive weighting approach. Third, the 
spatial distribution of flood risks as well as risk reducing effects can be displayed by a 
GIS-based risk mapping approach (i.e., all risk assessment calculations are carried out 
for a grid with a resolution of 10 m).  
 
However, our approach should be seen only as a first attempt to deal with these prob-
lems. The approach still has some limitations and further research tasks can be identi-
fied. First, with regard to uncertainties, our approach documented such uncertainties 
only for the economic criterion. Furthermore, only 2 sources of model uncertainties 
were considered: uncertainties resulting from the choice of the spatial allocation key 
and the set of damage functions. Uncertainties resulting from the inundation model 
used were not yet considered. Hydraulic models show some uncertainties especially 
in urban areas, where fluid water flow modelling is highly complex due to the variety 
of urban structures and thus fluid flow cannot be expressed as overland flow. Fur-
thermore, the documentation of uncertainties in flood risk assessment is of course 
only a first step. Further research is still needed on how to deal with such uncertain 
information in the decision-making process in flood risk management and how to 
determine an appropriate level of accuracy for the different decision problems.  
 
Second, our approach showed how social, environmental, and economic risk criteria 
can be aggregated, but it also unveiled how important the involvement of decision 
makers in the evaluation process is, as the selection of criteria and the determination 
of weights given to them substantially determine the results of the assessment proc-
ess. In our example we did not involve stakeholders yet, so the exemplary results 
shown are still arbitrary. However, literature provides some examples and procedures 
for how to integrate stakeholders in multicriteria analysis (e.g., Proctor and Drechsler 
2006; Salgado et al. 2006). Consequently, the next step would be to interlink such 
participation approaches with our multicriteria assessment approach.  
 
Third, a number of problems also arise from the mapping of flood risk. The accuracy 
of spatial flood risk assessment depends on the resolution of the underlying grid. 
However, the use of high resolution grids is limited by at least 2 factors: computa-
tional implementation (i.e., system memory availability and addressing) and the level 
of detail and resolution of the corresponding input data like inundation and land use 
data. This also means that the mapping of flood risk is always associated with inaccu-
racies or uncertainties and the right level of spatial resolution is maybe not easy to 
find. Furthermore, if spatial disparities are identified by risk mapping it is still an 
open question how to deal with them. Our approach is able to identify high risk areas 
but it does not yet answer the question of how much they should be reduced and how 
risk reduction efforts can be distributed ‘‘fairly’’ in river basins (Johnson et al. 2007). 
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5. Conclusions and outlook 
 
 

‘Cities save landscapes from being consumed by man’. 
Inside from the author 2008 

 
 
Recent uneven land use dynamics in urban areas resulting from demographic change, 
economic pressure and the cities’ mutual competition in a globalising world under 
climate change challenge landscape science. Processes of urban growth and decline 
specifically affect the urban environment, the requirements of the residents on the 
environment and natural resources. Geographical research is interested in a better 
understanding and ways of explaining the interactions between society and environ-
ment in urban areas. And it is also needed for making life in cities attractive, secure 
and affordable on the one hand and sustainable on the other despite of uneven dynam-
ics. 

 

Chapter 2: Urban land use dynamics – processes and pattern 

Concerning urban demographic change, one of the major drivers of land use change, 
the results of my work show that particularly the sequence of suburbanisation, desur-
banisation and reurbanisation altered. Whereas suburbanisation reinforces, desurbani-
sation partially decreases in favour of an initial reurbanisation. European cities result 
to be very heterogeneous in recent population change dynamics. They form clusters 
of growth and decline trajectories after 1990 and support a new spatial picture of the 
urbanisation of European agglomerations. Basing on significant statistical relations, 
the presented work on urban population change is the first comparative analysis from 
different urban agglomerations of the EU-27. Future research will be supplemented 
by analyses on the drivers of growth and decline for city core and fringe area. Demo-
graphic and socioeconomic indicators, such as fertility rate, household size, unem-
ployment rate, cost of living, house prices or GDP will be used to test with the dataset 
how they affect urbanisation. The integration of these indicators related to demo-
graphic change is a next challenge to capture the development of European urban 
systems in more detail. An exhaustive explanation of these phenomena at European 
but also at case study level will be interpreted in an upcoming paper.  

The findings concerning the impact of demographic change on land use prove that 
demographic change will not “solve” the problem of land consumption in Germany. 
However, it clearly identifies where both demographic and land use change lead to a 
more concentrated or even scattered development with increasing land consumption 
per capita at the least. The clusters that we identified give planners more support 
when considering regional specific policy options for dealing with demographic and 
land use change rather than clutching to an overall national 30 ha goal. The results 
presented in Chapter 2 make clear that demographic change means above all a change 
in the total number of people, age class distribution, a modification in household 
structures and a rising impact of migration. Particularly in eastern Germany, we find a 
coincidence of seemingly contradictory urban processes: first, although on a low level 
since the late 1990s, there are traces of prevailing dynamics of suburban growth with 
adjacent land consumption at the urban fringe. Second, at many places, increasing 
process of depopulation and related shrinkage calculated according to residential va-
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cancy, perforation, demolition and deconstruction in the core city areas can be ob-
served. A thinning out of recent urban fabric and population densities are the conse-
quence. Third, counteracting decline, we find also processes of stabilisation of the 
housing function as well as increasing population numbers in some inner-city areas. 
Since the spatial and land use effects of demographic change certainly shape concen-
tration and deconcentration processes and respective distribution pattern of demand 
and release of land also at a spatial level beyond the district scale, future research has 
to focus on conducting a comparable analysis as done for the German districts at the 
municipality level using high-grain socio-demographic and land use/land cover data. 

 

Chapter 3: Model approaches analysing urban land use change 

Cultural landscapes all have their distinctive and unique history. It has often been 
stated that this history is a valuable basis for spatial and environmental planning, as it 
has the potential to improve description, prediction and prescription of planning proc-
esses in these cultural landscapes. In the future, we have to address the question, how 
landscape history can serve as a tool in landscape planning. What exactly are the ad-
vantages of integrating historical aspects into planning processes? Is it really true that 
incorporating history improves the quality of spatial and environmental planning? 
And what obstacles have to be overcome in this interdisciplinary discourse?  

I see landscape ecology as an important link between landscape history and landscape 
planning, as it offers a wide array of methods and approaches which bear the potential 
to facilitate the integration of historical information on landscapes and land use into 
planning processes significantly, as shown in this Habilitation thesis. Historical maps 
and data can be integrated into a GIS to follow the development of land use quantita-
tively over a long period of time and to assess the main trajectories of change. Statis-
tics can be compiled on the development of selected landscape elements and aspects 
so that qualitative and expert based interpretation of landscape development can be 
quantitatively substantiated. Furthermore, structural changes between landscapes past 
and present can be quantified by means of indices. This makes a contribution to a 
functionally orientated assessment of landscape development. 

Land use change model approaches have their strengths in setting up causal relation-
ships between variables and to quantify them. Since models generally aim at depict-
ing multiple relationships and complex systems in a formalised and less complex 
way, they use major variables to realise important stocks, flows and communication 
processes to reduce the real complexity to a point where we can see and analyse the 
influence of single parameters of the system. In urban land use change modelling 
there have been developed different modelling approaches such as system dynamics 
(SD), cellular automata (CA), and agent-based modelling (ABM).  

GIS-based knowledge of historic land use changes are an important prerequisite for 
the simulation of land use changes using CA model approaches such as the MO-
LAND model which is used by the European Commission for the projection of land 
use change in urban regions of Europe. 

Despite such cell-based model approaches, many questions raised are in close con-
nection to what concerns landscape change and resource planning or management. 
Land use change models and GIS had been presented in Chapter 3 of this Habilitation 
thesis as a kind of relational and mutually feeding methodologies that support applied 
research and provide planning and land use policy with quantitative tools. It remains a 
challenge to better incorporate agent behavior and heuristics of decision-making as a 
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key to better understand land use changes. Often, land use transitions are closely con-
nected with humans acting on the real estate and land market. Land use changes thus 
can be understood as the consequences of actions. Since they are a heterogeneous 
group the behaviour of the “urban actors” is characterized by highly heterogeneous 
and controversy decisions that directly impact on and shape of land use change in 
terms of the intensification of land cultivation, the amount of land take as well as 
forms of land abandonment. This is the field of social sciences (sociology, political 
science, psychology, spatial planning) which carry out field research on effects of 
such drivers like demographic change, urban sprawl and shrinkage as identified in 
chapter 2 of this Habilitation thesis. Their work delivers innovative empirical results 
in form of questionnaire survey data, series of interviews, perception data, agent pro-
files, behaviour settings through document analysis and observation. 

 

Land use dynamics of shrinking city regions 

Modelling urban shrinkage remains a challenge for current simulation models, as 
most of the models presently focus on urban growth and sprawl. In order to include 
processes of urban shrinkage in such models, nothing less than a shift in paradigms 
from ever-growing urban regions to stagnation or even shrinkage is necessary. This 
assertion is not only valid for the field of urban simulation but for urban research in 
general: Only if processes of urban shrinkage are analysed and empirically quantified, 
simulation models can be built. In more detail, several challenges need to be ad-
dressed when modelling urban shrinkage: To incorporate residential vacancies and 
demolition / deconstruction in non-spatial simulation models is rather easy compared 
to spatially explicit models in which the question where vacancies or demolition will 
take place needs to be tackled. In order to simulate which areas in a city will stagnate 
or even decline, one needs information on attractiveness of and future investments in 
these areas, and, if applicable, random events that encourage or discourage people 
from moving there. Simulating urban shrinkage is a challenge especially for CA 
models: detecting residential vacancies using statistical data, official municipal regis-
tration sources or space-/air-borne remote sensing data is very difficult; therefore the 
data basis for calibrating CA models in shrinking regions needs to be reassessed. 

To model urban shrinkage in a spatially explicit way, the ABM approach seems very 
promising: Modelling urban shrinkage requires the incorporation of decision-making 
processes of households, planners, investors and owners of buildings and land since 
these actors’ behaviour and decision making changes land use; ABM are – at least 
theoretically – able to integrate decisions of various agents and therefore social sci-
ence knowledge. Accordingly, present ABM approaches could be modified and 
enlarged to incorporate these decisions as well and therefore to arrive at a basic repre-
sentation of urban shrinkage. 

 

Chapter 4: Impact assessment of land use change 

Urban Ecosystem Services (UES) have been identified as a suitable concept to ana-
lyse the service function of the physical environment in terms of natural resources 
and ecosystems in urban regions. UES represent a clear target for valuing natural re-
sources and ecosystems in urban areas since the concept combines natural functions 
and resources with land use and human demands. The UES framework enables to 
quantify, monetarise (if necessary) and to relate ecosystem functionality to human 
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demand (in so far „economic“ concept). As shown in chapter 4 of this Habilitation 
thesis, there is a range of models and data available to quantify UES.  

The concept enables an improved understanding of the benefits nature and ecosystem 
functionality provides for urban residents on the one hand. On the other, thinking in 
categories of UES we uncover the benefits nature gains from compact settlements in 
favour of low-density ones. 

Since an assessment of land use transition impact draws the attention to the conse-
quences of alternative land use management and planning decisions, it has the poten-
tial to orient urban development to the ‘right’ places. This will become increasingly 
important in the near future as we face a simultaneity of growth and decline in many 
European regions that opens up the chance for new land development strategies. 
However, in particular under the condition of decline, the evaluation of land use tran-
sition should also include socio-economic aspects, such as infrastructure costs or 
socio-spatial segregation.  
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INTRODUCTION

For the fi rst time in history, more than half 
 of the world’s population lives in urban 
 areas. It has been observed that this urban-

isation is projected to increase further and make 
up 70% by 2050 (United Nations, Department 
of Economic and Social Affairs, Population 
Division, 2008; Population Reference Bureau, 
2008). In Europe, already 72% of the population 
lives in urban areas and is likely to increase to 
84% by 2050 (ibid.).

Despite the fact that European urban popula-
tion is increasing in total numbers, growth rates 
have slowed down over the last few decades 
(United Nations, Department of Economic and 
Social Affairs, Population Division, 2008). The 
shift from growth to decline of urban population 
is already evident today in a growing number of 
cities (Turok and Mykhnenko, 2007). In particu-
lar, old-industrialised cities, such as Liverpool 
and Manchester in the UK or the Rhine-
Ruhr-area in Germany, show processes of popu-
lation decline reinforced by specifi c circumstances 
of economic, political, geographic, and demo-
graphic developments (Oswalt and Rieniets, 
2006; Schetke and Haase, 2008). Most notably, the 
aged industrial countries and the post-socialist 
countries of Eastern Europe show the highest 
number of declining cities that have been sum-
marised under the term ‘shrinking cities’ (Oswalt 
and Rieniets, 2006). These cities’ paths of devel-
opment have been shaped by deindustrialisation, 
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ABSTRACT

The beginning of the 21st century marks the 
fi rst time in history that more than half of the 
world’s population lives in urban areas. In 
Europe, more than 70% of the population lives 
in urban areas today. This number is likely to 
increase to 84% by 2050. However, a shift from 
growth to decline of urban population is 
already present for a growing number of 
cities. The paper examines urban population 
trends for 158 European agglomerations and 
assesses the dynamics behind one particular 
development of growth or decline. Using data 
from 1991 to 2004, we present statistical 
evidence of diversifying population 
trajectories for core cities and fringe areas. 
The quantitative results are contrasted with 
the widespread accepted cyclical urbanisation 
model that has been expounded as a 
theoretical approach to describe previous and 
future stages of European urban development. 
The structural approach of the model is 
discussed because we believe that such 
concepts do not refl ect the dynamics of 
present urban development in Europe. The 
paper argues that the urban agglomerations 
studied do not show a single evolutionary 
stage of urban development. Rather, we found 
a coexistence of intensifying suburbanisation 
and developing reurbanisation, which is 
mainly driven by younger households. 
Copyright  2009 John Wiley & Sons, Ltd.
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suburbanisation, and its urban consequences of 
vacancy and demolition (Hall, 2006).

At the same time, a resurgence of a range of 
European but also non-European cities has been 
observed since 1990 (Lever, 1993; Ley, 1993; 
Broadway and Jesty, 1998; Ogden and Hall, 2000; 
Seo, 2002; Buzar et al., 2007a). This urban revival 
has been called reurbanisation and mostly affects 
inner city areas (Haase et al., 2003). Reurbanisa-
tion is mainly driven by the immigration of non-
traditional households such as young one-person 
households or fl at-sharers. Many of the new 
household groups stem from the demographic 
changes framed by the ‘second demographic tran-
sition’ (Buzar et al., 2007b) in Europe since the late 
1980s that shows many different trends: declining 
fertility rates, ageing population, postponement 
of child-bearing and marriage, growing house-
hold numbers, smaller household sizes, and non-
traditional household structures, to name a few 
(van de Kaa, 1987; Lestheaghe and Neels, 2002). 
The immigrating population groups are likely to 
be attracted by specifi c characteristics a city is 
believed to possess (Lever, 1993; Haase et al., 2005; 
Kabisch et al., in press). Amongst these are 
economic, social and educational possibilities, 
services and amenities, which are available to 
fi rms and urban residents particularly in larger 
cities (Bettencourt et al., 2006; Montgomery, 2008).

In this manner, larger cities thus offer a better 
provision of these basic services and are cur-
rently characterised by a better position relative 
to smaller ones (Turok and Mykhnenko, 2007). 
Several studies also suggest a considerable asso-
ciation of city size and variations in the popula-
tion growth rates of urban areas (Hall and Hay, 
1980; van den Berg et al., 1982; Cheshire, 1995; 
Gans, 2000; 2005; Batty, 2008). Turok and 
Mykhnenko (2007), e.g. stress that in terms 
of population change, the position of large 
European cities is better since the mid-1990s and 
signifi cantly better since 2000, compared with 
smaller ones.

The overarching purpose of this paper is to 
give statistical evidence of present population 
trends for European agglomerations and to assess 
the dynamics behind a particular development of 
urban growth and decline. In order to do this, we 
look at two interlinked issues by using data of 
158 urban agglomerations for 1991–2004.

Firstly, we have confi ned our interest to the 
identifi cation of new population trends specifi ed 

for core cities and adjacent fringe areas of 
European agglomerations. We explored whether 
there are two factors associated with specifi c 
population dynamics, namely city size and 
location in Europe.1 These have been regarded as 
key dsicrminators in the US and UK context of 
urban demographic research (Turok and 
Mykhnenko, 2007). We determine whether larger 
cities are currently better placed than smaller 
cities, i.e. growth rates of larger cities exceed the 
average growth rates of smaller ones. In addition, 
we focus on the attribute of location in Europe to 
identify whether it is directly associated with 
either population growth or decline. Many studies 
identifi ed wide differences in urban population 
change between and within European countries 
for several decades (van der Berg et al., 1982; 
Cheshire, 1995; Turok and Mykhnenko, 2007). 
Processes related to demographic, economic, and 
political change (e.g. the societal and economic 
transition in Eastern Europe at the beginning of 
the 1990s), amongst others, are regarded as the 
mechanisms behind different development tra-
jectories (Mykhnenko and Turok, 2008).

Secondly, we apply the classic cyclical urbani-
sation model (van den Berg et al., 1982) that is 
widely accepted when looking at urban change 
(Cheshire and Hay, 1989; Lever, 1993; Cheshire, 
1995). We use the model as the theoretical back-
ground for our research because it relates to the 
identifi ed different population dynamics of 
urban growth and decline. These are outlined 
in four sequential stages2 – urbanisation, subur-
ban isation, desurbanisation, and reurbanisation. 
As new trends of current European urban devel-
opment are evolving, which are assumed not to 
be refl ected by the conceptual structure of this 
state-of-the art model, we scrutinise its validity 
against our results. This analysis is further sup-
plemented by a multivariate statistical method in 
order to look beyond the population trends to 
other characteristics such as socio-demographic 
factors that might drive a specifi c population 
development.

This paper begins with a section that touches 
on the hypothesis of a cyclical urban develop-
ment and examines the structural approach and 
several applications of the urbanisation model 
(van den Berg et al., 1982). The next section refers 
to the methodological design of our study, i.e. the 
database used, the spatial levels of analysis, 
the main indicators, and the statistical methods. 
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The fourth section reports on the major fi ndings 
that result from the analysis of population devel-
opment and the association with city size and 
location in Europe. The population dynamics 
identifi ed are then contrasted with the cyclical 
van den Berg (1982) model. The stages of urban 
development in Europe that emerge are dis-
cussed and contrasted comprehensively with 
fi ndings from other European studies and against 
the results from the multivariate analysis on the 
driving forces. Finally, conclusions are drawn 
while summarising and assessing the objectives 
made at the outset.

THE HYPOTHESIS OF A CYCLICAL 
DEVELOPMENT – THE MODEL OF THE 
STAGES OF URBAN DEVELOPMENT 
(VAN DEN BERG ET AL., 1982)

Several comparative studies of European urban 
development trends exist for the second half of 
the 20th century. One of them has been carried 
out by van den Berg et al. in the early 1980s. 
Based on their results over the period 1950–1975, 
they expounded a four-stage sequential model of 
urban development that was consistent with the 
urbanisation process in Europe from the early 
19th century onwards (Fig. 1). Using the proxy 
population (change) of a functional urban region 
(FUR) – divided into a core city and a surround-
ing fringe – three main stages were outlined: 
urbanisation, suburbanisation, and desurbanisation.

The urbanisation stage is the core city’s total 
population gain also relative to the respective 
fringe area. It should represent centralisation – 
the mass migration from rural to urban areas due 
to industrialisation. Urbanisation is followed by 
suburbanisation,3 a phase of relative population 
decentralisation from the core city to the fringe 
of agglomerations that are still growing. At this 
stage, the suburban areas were expanding rapidly 
due to former city inhabitants (mainly families) 
searching for higher quality living locations 
beyond core cities. This dynamic was enabled 
by increases in income and improvements in 
motorised transport. Suburbanisation took place 
in Western Europe mainly during the 1950s 
and 1960s (van den Berg et al., 1982).

Ongoing suburbanisation processes led to a 
decline in the core city and to a desurbanisation 
phase, where population decline appears every-
where in the core city and the fringe area, and 
fi nally ends up in negative population growth 
rates in the entire urban region. This stage is 
characterised by a dispersal of activities to 
rural areas and satellite towns and is sometimes 
referred to as ‘counterurbanisation’ (Antrop, 
2004). Desurbanisation processes followed subur-
banisation in Western Europe in the 1970s, when 
migration took place from central urban and sub-
urban areas to the surrounding countryside and 
also to small and medium-sized towns in the 
region (Fielding, 1982; Cheshire and Hay, 1989).

In order to complete the cycle, a more hypo-
thetical fourth stage, reurbanisation, is defi ned as 
a phase of relative population gain in the core 
city after extreme losses. This link represents the 
core city with a reduced rate of decline contrasted 
with an increasing fall in the fringe population 
numbers followed by a positive population 
growth rate of the core city and a reduction 
in decline rates at the fringe.

van den Berg et al. (1982) treated the fi rst and 
second stages of the model mainly in a historical 
context, whereas desurbanisation was understood 
as an ongoing and reurbanisation as an unlikely 
future process of European FURs (van den Berg 
et al, 1982: 40). In each of the four stages there is, 
additionally, a period of relative or absolute 
increase (centralisation) or decrease (decentrali-
sation) in the population. Each stage, therefore, 
is subdivided into two phases.

The analysis by van den Berg et al. (1982) has 
been updated by Cheshire and Hay (1989) for 

Figure 1. Cyclical model of the stages of 
urban development.

Source: After van den Berg et al. (1982).
Notes: AC: absolute centralisation; RC: relative 

centralisation; RD: relative decentralisation; 
AD: absolute decentralisation.
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the period 1971–1984 and later by Cheshire 
(1995) and Champion (1995) referring to census 
data from 1990–1991. Their main fi nding was 
that decentralisation processes slowed down in 
the 1980s. Cheshire and Hay (1989) even saw 
possibilities of an urban revival due to the 
urban orientation of service economies and 
certain demographic trends.4 However, they 
underline that no single trajectory exists for 
European agglomerations due to emerging 
complex development patterns and wide 
differences between the analysed countries 
(Champion, 1995; Cheshire, 1995).

Turok and Mykhnenko (2007) extended this 
research using data for 310 European urban areas 
dated from 1960–2005. They identifi ed a slowing 
down of growth rates over the second half of the 
20th century and suggest a recovery of cities after 
2000. Their study is based on the application of 
the concept of a continuous built-up area to 
defi ne a city and they do not distinguish between 
the core city and the fringe area. In conceptual 
terms, therefore, they do not refer to the re-
spective stages of urban development as van 
den Berg et al. (1982), Cheshire and Hay (1989), 
Cheshire (1995) and Champion (1995) did.

So far, no comparative study on European 
functional urban regions applying the van den 
Berg model exists for the 2000s. Nevertheless, at 
the case study level, recent studies have used the 
defi nitions and specifi c terms of the four stages. 
They mainly identifi ed tendencies of reurbanisa-
tion (Haase et al., 2005; Buzar et al., 2007a) and 
also used terms of re-densifi cation (Lever, 1993), 
renaissance, revival of, or return to the inner city 
(Kujath, 1988; Helbrecht, 1996). These tendencies 
of reurbanisation are not meant to be a funda-
mental reversal of ongoing desurbanisation or 
decline as it is proposed by van den Berg et al. 
(1982). They mainly turn from a macro scale to 
selected inner city areas where reurbanisation 
processes were observed (Haase et al., 2003).

The model described by van den Berg et al. 
(1982) has also been discussed and criticised. For 
example, Antrop (2004) and Hugo et al. (2003) 
point to the application of the defi nition of the 
FUR that refers to the division of an urban 
agglomeration into core city and fringe area. The 
approach mainly involved specifi c thresholds of 
commuting measures to determine the fringe 
and thus the extent of the total agglomeration. 
The problem remains on how to defi ne the 

boundary of the core city and the suburban area 
around an urban core. The core city is mainly 
defi ned by administrative borders that can differ 
between countries, creating important problems 
of comparison. If aggregated by spatial units, 
data do not always refl ect the changing spatial 
structure of a city (Antrop, 2004). Furthermore, 
the fringe area is delineated by the commuting 
zone of journey-to-work data. Hugo et al. (2003) 
noticed that ‘commuting represents a declining 
proportion of all journeys origination from 
households  .  .  .’ (p. 288) and thus other types of 
interaction data should be discussed to defi ne 
these areas.

Furthermore, in this model, only FURs of 
more than 200,000 inhabitants were included in 
the study. This means that smaller cities are 
omitted from the analysis (Nyström, 1992). The 
use of the total change in population as the 
main measure of population development is also 
questionable. As a result, other processes that 
affect and might cause the area migration become 
obscured.

It is further argued that the sequence of the 
stages would not lead to a cyclical development 
and that the shifts between the four stages are not 
as inevitable as the model suggests (ibid.). In 
terms of reurbanisation processes, fi ndings from 
a recent study indicate contemporary processes 
of inner-city reurbanisation and ongoing dynam-
ics of counterurbanisation and suburbanisation 
(Buzar et al., 2007b: 80). In turn, this means that 
the stages in the van den Berg model do not nec-
essarily follow one another in strict sequencial 
order.

DATA AND METHODS

Data

Our analyses of urban development trends are 
applied to the spatial scales of an urban agglom-
eration: the core city (national political, adminis-
trative defi nitions) and the fringe area (urban 
hinterland of the surrounding municipalities 
from which a signifi cant percentage of commut-
ers originate). We used this distinction because 
an urban agglomeration is more than the built-up 
area of a city (which serves rather as a morpho-
logical criterion to distinguish different land uses 
within the agglomeration itself). The approach 
uses the interaction criteria of a commuting zone 
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to delimit the whole area that is functionally 
linked to the core city (Hugo et al., 2003). The 
same concept of a FUR was used by van den Berg 
et al. (1982). The results of this study, therefore, 
are comparable with earlier studies.

The data for analysis were compiled using 
the Urban Audit of Europe (UA) (European 
Commission, 2004; Urban Audit database, 2008) 
supplemented with data from selected national 
statistic agencies.5 At present, data are available 
for four points in time: 1991, 1996, 2001, and 2004. 
Using the UA seemed most reliable for our analy-
sis because it provides data for the spatial scales 
of interest: the core city and the Larger Urban 
Zone (LUZ), which is approximately estimated 
using groups of nomenclature of territorial units 
for statistics (NUTS)6 level 3 [or, if available, 
Local administrative Units (LAU) level 1 or 2] 
to defi ne a commuting zone. The term LUZ 
represents a proxy for the concept of the FUR 
(European Commission, 2004: 9) and is defi ned 
as the sum of the population in the core city and 
the population in the fringe area.

Methods

We conducted time series analyses for three time 
periods, that is 1991–1996, 1996–2001, and 2001–
2004, to identify stages and trajectories of urban 
development. We used the annual population 
growth rate7 (∆Pi) as this is consistent with previ-
ous research (van den Berg et al., 1982; Cheshire 
and Hay, 1989).

 ∆P
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t t
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i i

i i
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where P is the population in the year ti with 
I = 1,  .  .  .  , 4 and t1 = 1991, t2 = 1996, t3 = 2001, 
t4 = 2004.
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i

abs,i= [ ]100
1
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The subsamples by population size were dis-
tinguished according to their total population 
number in 2004.8 Three clear size bands were 
identifi ed: small LUZ with <400,000 inhabitants 
(37% of the total sample), medium sized LUZ 
with a total population of ≥0.4 and <1 million 

inhabitants (32%) and large LUZ with ≥1 million 
inhabitants (31%).

Population growth rate was also used for the 
regional subsamples that represent the classifi ca-
tion of Northern, Western, Southern, and Eastern 
Europe based on the United Nations ‘Composi-
tion of macro geographical Regions’ (United 
Nations, 2008).

We applied a paired-sample t-test to look for 
signifi cant differences in mean growth rates for 
the subsamples. We also used Box-Whisker-Plots 
and bivariate correlation analysis to explore 
whether a positive or negative population growth 
in either the core or the fringe results in the oppo-
site effect on the respective other spatial level 
within the same time period, or even phase-
delayed in one of the next periods.

In regard to the analysis of the urbanisation 
model (van den Berg et al., 1982), the 158 agglom-
erations were grouped by considering the 
value and direction – positive or negative – of the 
population growth rate of the core city, fringe 
area, and LUZ. In so doing, spatial clusters of 
similar population change dynamics throughout 
Europe are identifi ed. They refer to the applica-
tion of the stages in the cyclical van den Berg 
model and lead in their combination to the 
respective stage of urban development in the dif-
ferent time periods. The clusters are therefore 
based on the defi nitions of the four stages of the 
van den Berg model: urbanisation, suburbanisa-
tion, desurbanisation, and reurbanisation (see 
Table 1 and Fig. 1).

Table 1. Cluster defi nitions of the stages of urban 
development.

Core Fringe LUZ Sequence Stage

++ − + 1 AC Urbanisation
++ + +++ 2 RC
+ ++ +++ 3 RD Suburbanisation
− ++ + 4 AD
− − + − 5 AD Desurbanisation
− − − − − − 6 RD
− − − − − − 7 RC Reurbanisation
+ − − − 8 AC

Source: after van den Berg et al., 1982; Lever, 1992.
+, ++, +++ = population growth, slow (+) to fast (+++).
−, − −, − − − = population decline, slow (−) to fast (− − −).
AC: absolute centralisation; RC: relative centralisation; 
RD: relative decentralisation; AD: absolute decentralisation. 
LUZ: Larger Urban Zone.
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Finally, we used a multivariate statistical 
method to identify the factors that are assumed 
to drive a specifi c population development, 
causing an urban agglomeration that is classifi ed 
into one of the four stages. A one-way analysis 
of variance (ANOVA9) and subsequent post hoc 
tests for multiple comparisons were performed 
to explore whether the classifi cation is meaning-
ful and the clusters of the agglomerations differ 
on several explanatory factors. We used some 
basic socio-demographic variables that might 
predict the location within the stages: population 
of working age, total household number, youth 
and old age dependency, population aged 20–<25 
years, and unemployment rate. These variables 
were chosen because previous research sug-
gested signifi cant connections between popula-
tion changes in urban areas (Haase et al., 2005; 
Buzar et al., 2007a) and partly for reasons of data 
availability for the respective time periods.

EVIDENCE OF POPULATION 
TRAJECTORIES OF EUROPEAN URBAN 
AGGLOMERATIONS AFTER 1990

Population Trajectories

Figure 2 shows the recent population develop-
ment of the 158 agglomerations at the different 
spatial levels of the core city, fringe area, and LUZ 
displaying Box-Whisker-Plots of the annual pop-
ulation growth rate. A somewhat biased develop-
ment was identifi ed: on the one hand, there is an 
increasing number of declining core cities up to 
1996 (mean = −0.21, Table 2, fi rst column). On the 

Figure 2. Box-Whisker-Plots of the annual 
population growth rate for urban agglomerations 

(n = 158) for the three different time periods. Ta
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other, they show positive growth rates after 2001 
(0.19). Positive growth rates were also found for 
the fringe area, averaging 0.46 in combination 
with a high variation in the data after 2001. The 
overall trajectories for the LUZ report a consoli-
dated positive development at the mean level of 
0.25 (2001–2004) with a slight increase in the LUZ 
facing a decline only for the second time period. 
Notably the development of the core cities seems 
to determine that of the LUZ since in the t-test 
pairs only the mean values of the core cities and 
the LUZ were found to be signifi cantly different 
(Table 2). This is in agreement with studies claim-
ing the recently resurgence of cities (e.g. Beaure-
gard, 2004), which therefore, are able to dominate 
an urban agglomeration.

The correlation analysis identifi ed signifi cant 
relationships for the whole sample for the time 
periods 1996–2001/1996–2001 and 2001–2004/
2001–2004 (see Table 3, fi rst column). Signifi cant 
negative correlations appeared with R = −0.172 
and R = −0.164. The coeffi cients indicate a 
dependent contrary development of both the 
core city and the fringe area: the growth of 
the fringe occurs ‘at the cost’ of the core within 
the same time period.

The Effect of City Size on Population Growth 
or Decline

To look beyond the total values presented in 
section 4.1, we explored whether population 
growth or decline is associated with the size of 
cities. In the following, we discuss whether there 
are any obvious variations to population growth 
rates within small LUZ compared with medium-
sized and large LUZ.

Results of the t-tests (Table 2) show signifi cant 
differences in the mean values particularly for 
the core cities and LUZ of all sizes. Most of the 
annual population growth of the core cities 
appears to be negative up to 2001, regardless of 
the city size. The last time period (2001–2004), 
however, shows a turnaround: a considerable 
number of core cities experienced positive popu-
lation growth rates; the medium and large core 
cities clearly showed the highest mean values 
(0.30 and 0.26), meaning that they signifi cantly 
gained population since 2001.

Looking at Figure 3, the scatter plots present 
the LUZ’s development. They are sorted by 
size along the x-axis of the diagram. Reference 

lines were added at the 400,000 and the 1 million 
population points using a linear regression 
model.9 In the case of the fi rst time period (R2 = 
0.001) no signifi cant trend could be identifi ed, 
but the last time period (R2 = 0.11**) strongly 
indicates that the larger the population size of an 
agglomeration, the greater the positive growth 
rates and vice versa. In addition, a considerable 
proportion of the small agglomerations of less 
than 400,000 inhabitants showed negative values. 
This suggests that larger agglomerations in par-
ticular seem to be able to extend their current 
growth rates, while most of the small agglomera-
tions show population decline by 2001.

This corresponds with earlier fi ndings in other 
studies that provide clear evidence that the posi-
tion of large and small European cities has been 
reversed since the mid-1990s and markedly so 
after 2000 (Turok and Mykhnenko, 2007). Even 
though Turok and Mykhnenko (2007) stress that 
these processes are still very recent, they might 
be caused by a better provision of basic adminis-
trative, health and education services, cultural 
and social amenities, and employment opportu-
nities in large as compared with smaller cities 
(Bettencourt et al., 2006; Montgomery, 2008).

Differences of Regional Population 
Change Across Europe

While looking for geographical effects of popula-
tion change in urban Europe, the data sample 
was divided according to regional European 
levels (United Nations, 2008; see Fig. 4). Predom-
inantly, Western European agglomerations show 
negative core city growth rates for 1991–1996 
(−0.16, Table 2) and 1996–2001 (−0.11). They then 
switched to a strongly positive trend after 2001 
with more than 75% of areas displaying positive 
values (0.35). By comparison, the population 
development of the fringe areas hardly changed 
over time and the t-tests did not identify any 
signifi cant differences in the mean population 
growth rates. Furthermore, the correlation values 
(Table 3) show a signifi cant mutual infl uence 
between the core city and the fringe area, with 
negative values for the second time period 
(1996–2001/1996–2001: R = −0.552). However, 
we found a positive correlation for the last 
time period (2001–2004/2001–2004: R = 0.512), 
indicating that both the core city and the fringe 
area experienced positive growth rates.
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Figure 3. Scatter plots showing the annual population growth rate and the total population of the LUZ for 158 
European agglomerations at the three different time periods.
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Such trends were also identifi ed in the case of 
cities in western Germany; Gans (2000) observed 
a reversal from deconcentration, meaning subur-
banisation, during the 1970s and 1980s to urban 
concentration at the end of the 1980s. However, 
he emphasised that this reversal was a temporary 
process that was mainly driven by migrating 
persons of foreign nationality, while the German 
population still followed a deconcentration 
process (Gans, 2000: 1510).

The trends in Southern European core cities 
appear similar to those of Western core cities: 
from a state of predominant population decline 
from 1991 to 2001, which occurred in favour of a 
positive population development for the fringe 
areas, most of the core cities experienced signifi -
cant positive population growth rates after 2001 
(0.55). However, they were also faced with an 
increasing variance in the data. The development 
of the core city combined with increasing posi-
tive growth rates for the fringe area resulted in 
an also increasing positive population number 
at the LUZ level.

By contrast, the trajectories for Eastern 
European cities tell a different story. Population 
growth of the fringe was identifi ed and has been 
occurring signifi cantly at the expense of the core 
(2001–2004/2001–2004: R = −0.552, Table 3). 
This process of suburbanisation is in accordance 
with qualitative empirical observations in East–
Central Europe, namely in Polish and Czech 
cities (Steinführer and Haase, 2007). However, 
the observed positive values for the fringe (1991–
2004: 0.36–0.64) cannot account for the tremen-
dous fall in total population for the core cities 
after 1996 (−0.55). This severe decline presents a 
dominant process and is thought to be mainly 
associated with the political and economic 
upheaval of the 1990s (Schetke and Haase, 2008). 
It appeared in most of the Eastern LUZ, even 
though the negative growth rates recovered 
slightly after 2001. The development of a slight 
recovery has been caused by a slow down of 
negative growth in the core cities and positive 
values for the fringe areas. This corresponds with 
fi ndings by Turok and Mykhnenko (2007: 174) 
who underlined the negative trend’s deceleration 
after 2000 even though city growth rate still 
remains negative.

A decreasing variation in the data over time 
was found for Northern European urban agglom-
erations that did not present any signifi cant Ta
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differences in mean population growth rates. 
Nevertheless, they show positive growth rates 
at all levels, notably in the last time period 
(Table 2).

CYCLICAL EUROPEAN 
URBAN DEVELOPMENT?

Stages of Urbanisation in Europe 
after 1990

Our analysis attempts to scrutinise the validity of 
the model since we assumed that such concepts 
do not necessarily refl ect the dynamics and 

trajectories of urban development after the polit-
ical and economic transition in 1990.

The fl ow chart in Figure 5 impressively 
illustrates the current urbanisation phases from 
1991 onwards. A considerable proportion of the 
agglomerations appear to experience suburbani-
sation mainly in the fi rst but also again in the 
third time period. According to the defi nition of 
this stage, a relatively higher population growth 
within the fringe area was identifi ed compared 
with a slower growth or a population decline 
in the core city.

Desurbanisation, defi ned above as the total 
decline of the population in the entire LUZ, 

Western Europe (n=42) Southern Europe (n=40) 

Eastern Europe (n=46) Northern Europe (n=30) 

Figure 4. Box-Whisker-Plots of the annual population growth rate for European urban agglomerations for the 
three different time periods.
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decreases for the last time period. This is because 
most of the LUZ showed positive values from 
2001 to 2004. However, the numbers for an abso-
lute decentralisation are higher than those for a 
relative decentralisation, indicating that the 
LUZ’s population loss is due to negative popula-
tion growth rates of both core city and fringe 
area.

The fourth stage, reurbanisation, becomes most 
prominent after 2001. However, the percentage 
of agglomerations facing reurbanisation is not as 
high as agglomerations in other stages. Reurbani-
sation, therefore, does not evolve as a dominant 
population trend after 2001 but coincides with 
other stages.

In accordance with fi ndings by Storper and 
Manville (2006), we proved that the hypothetical 
reurbanisation stage of the van den Berg model 

exists for a very specifi c number of agglomera-
tions using statistical data. Interestingly, a similar 
trend is true when focussing on the urbanisation 
stage, which seems to recur in higher proportions 
for the last time period.

In conclusion, no consecutive order of the 
stages of urban development was identifi ed. 
Rather, we would support the idea that the 
regular onward cycle of the stages of urban 
development (van den Berg et al., 1982) was 
proven to have been reversed due to the trends 
of reinforcing suburbanisation and developing 
reurbanisation after 2001.

Cheshire (1995: 1058) has already recognised a 
slowing down and even reversal of decentralisa-
tion for European agglomerations between 1981 
and 1991. He argued that existing regularities, as 
presented by van den Berg et al. (1982) and Hall 

Figure 5. Flow chart showing the transition of urbanisation phases of European agglomerations for 1991–2004.
Notes: AC: absolute centralisation; RC: relative centralisation; RD: relative decentralisation; AD: absolute 

decentralisation. The size of the boxes represents the frequency distribution in the urban development stages; 
vertical lines in the diagram show that a number of cities remain at one stage of urbanisation for more than one 

time period; diagonal lines mean that a number of cities change from one urbanisation stage to another.
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and Hay (1980) ‘should be expected to break 
down with some reversal of decentralisation  .  .  .’ 
(Cheshire, 1995: 1047). Champion described these 
fi ndings as an effect of changes pushing ‘the 
urban systems back into the suburbanization 
stage’ (Champion, 2001a: 154). Accordingly, a 
single evolutionary trajectory cannot be expected 
in the future but rather a mix of population 
trajectories leading to a coexistence of different 
stages. A similar conclusion was drawn already 
by Nyström (1992) in the early 1990s: he pre-
dicted that ‘general tendencies in the develop-
ment of city regions in Europe may be even more 
diffi cult to detect in the 1990’s than they were in 
the 1980’s’ (143). The results of our study confi rm 
that this statement became true in the 1990’s, 
and even more clearly, in the 21st century.

Regional Distribution of Urban 
Development Stages

Figure 6 shows the percentage change in fre-
quency distributions of LUZ according to their 
stage of urban development in the van den 
Berg model and location in Europe. In addition, 
Figure 7 shows the spatial distribution of the 158 
agglomerations within Europe for 1991–1996 and 
2001–2004.

We found more than 21% of Western European 
agglomerations, in particular in eastern Germany, 
within the reurbanisation stage after 2001. A 
similar tendency could also be noted for South-
ern European urban systems in southern Italy 
and Greece (33%) and also for some Northern 
European agglomerations (10%), which can be 
interpreted as ‘signs of reurbanisation’. In his 
study, Cheshire (1995) identifi ed increasing 
recentralisation or reurbanisation processes in 
similar regions, that are mainly ancient univer-
sity cities with historic cores in the UK,10 western 
Germany and Benelux, which managed to attract 
skilled residents.

Reurbanisation is thought to be accompanied 
by present-day demographic changes within 
Europe including an increase in the number and 
a decrease in the size of households along with 
an increase in one-person households, and diver-
sifying lifestyles (Champion, 2001b; Buzar et al., 
2005, 2007a). These non-traditional households 
are a wide range of population groups who 
favour core city living due to its advantages, 
providing a central location with diverse city 

amenities and therefore leading to evolving re-
urbanisation (Kabisch et al., in press).

By comparison, after 2001, 50% of Western and 
40% of Southern European cities showed subur-
banisation. Examined more closely, suburban-
isation processes are predominantly observed 
within western Germany and Italy but also 
present in Northern Europe, i.e. England, Finland, 
and Sweden. As mentioned above, this trend is 
also signifi cantly apparent in Eastern Europe, 
particularly in Slovakia, Slovenia, and somewhat 
in Poland and the Czech Republic. Recent 
research on Eastern Europe claims that subur-
banisation has been the most spectacular process 
in changing the spatial system but appeared to 
be chaotic in some areas (Kotus, 2006). At this 
point, it has to be mentioned that the transition 
of the former socialist Europe in the aftermath of 
the fall of Communism was not at all foreseeable 
by van den Berg and his colleagues when they 
conceptualised their cyclical model.

We conclude that the ‘push back’ to the subur-
banisation stage (Champion, 2001a) mentioned 
above could be perceived in our own study. Sub-
urbanisation, which continued to unfold through-
out the 1990s and since 2000 is suggested to be 
connected to transformations of employment, 
increase in commuting, improvements of infra-
structure networks, changes in housing patterns, 
and socio-economic trends (Buzar et al., 2007b). 
It is also connected to increases in income over 
time, mainly in families with two parents and 
children, which are likely to favour the fringe 
areas of urban agglomerations.

Interestingly, a recent study on demographic 
change in Paris suggests that demographic struc-
tures related to the second demographic transi-
tion which have been observed originally in inner 
city areas are evolving in the suburban areas or 
the fringe areas, too (Ogden and Schnoebelen, 
2005). Further research is needed to capture fully 
the impacts of population and household changes 
against the background of the second demo-
graphic transition on the whole urban agglom-
eration, that consists of not only the core city, 
but also the fringe areas.

In the context of agglomerations recently expe-
riencing desurbanisation, overall we detected a 
decrease from 28.5% (1996–2001) to 4.8% (2001–
2004) in Western Europe. However, it is clearly 
apparent in Eastern Europe, i.e. in Poland and 
the Czech Republic but also in Northern Europe 
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Western European Agglomerations (n=42) 
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Figure 6. Change in frequency distributions of LUZ by the stage of urban development.
Notes: AC: absolute centralisation; RC: relative centralisation; RD: relative decentralisation, 

AD: absolute decentralisation.

102



 N. Kabisch and D. Haase

Copyright © 2009 John Wiley & Sons, Ltd. Popul. Space Place (2009)
 DOI: 10.1002/psp 

in the Baltic States. We could not identify desur-
banisation over the whole time period in parts of 
urban Europe namely in England, the Nether-
lands, Belgium, Luxembourg, and Spain. In other 
parts, by contrast, it has been very apparent 
since the mid 1990s (the Baltic States) and more 
frequently, as demonstrated by a total of 31 
agglomerations after 2001 in Eastern Europe.

Drivers of Population Trajectories in 
Urban Agglomerations

In this section we discuss the explanatory factors 
that are assumed to drive a specifi c population 
dynamic leading to one of the four stages. We 
used the annual change rate of the four socio-
demographic variables within the three time 
periods.

Table 4 displays the mean values of the 
variables and the results of the multiple post hoc 
comparisons. Amongst them, the biggest differ-
ences exist for the annual changes in population 
of working age, which is not surprising as the 
stages of urban development are based on the 

population change of an urban agglomeration. In 
addition, the variables of the annual changes in 
the total number of households and population 
aged 20–<25 years show signifi cant mean differ-
ences, particularly for the last time period. The 
means indicate that cities within the urbanisation 
and the reurbanisation stage obviously show a 
signifi cant increase in their household numbers 
accompanied by a rise in younger population 
groups (aged 20–<25). Against this background, 
the rise in population of the core city that 
characterises the two stages seems to be driven 
by an infl ux of younger and probably smaller 
households leading to an increase in the total 
household number.

Collectively, these fi ndings are broadly con-
sistent with the results of recent studies that 
mainly identifi ed processes of reurbanisation 
accompanied by changes in the household struc-
ture and lifestyle that are signifi cantly connected 
with the second demographic transition (Buzar 
et al., 2007b). Accordingly, young and smaller 
households tend to migrate to core cities indicat-
ing new patterns of population structure and 

0 500250 km

NUTS 0 (EU-27 and EFTA)no consistent dataUrbanisation Suburbanisation Desurbanisation Reurbanisation

1991-1996 2001-2004

Figure 7. Clusters of urban development change trajectories 1991–1996 and 2001–2004
Source: Maps for spatial analysis was generated from data by GISCO – Eurostat (European Commission)  

EuroGeographics for the administrative boundaries (http://epp.eurostat.ec.europa.eu/porta).
Notes: Author of Maps: Nadja Kabisch; Date: 24 March 2009.
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Table 4. Descriptive statistics (means) and multiple post hoc comparisons of variables.

Variable Urbanisation Suburbanisation Desurbanisation Reurbanisation

1991–1996
 ∆ Population of working age core 1.302,3,4 0.011,3 −1.141,2 −0.231,3

 ∆ Total number of households core 1.822,3 0.901 0.511 1.22
 ∆ Population aged 20 to <25 core 1.962,3 −1.421 −2.151 −0.66
 ∆ Youth dependency core −0.95 −0.51 −0.53 −0.87
 ∆ Old age dependency core 0.193 0.253 0.541,2 0.51
 ∆ Unemployment rate core 0.63 0.59 0.96 1.5
1996–2001
 ∆ Population of working age core 1.332,3 −0.061 −0.491 0.50
 ∆ Total number of households core 1.982 0.401 0.75 1.10
 ∆ Population aged 20 to <25 core 1.942,3,4 −0.081 −0.071 −2.161

 ∆ Youth dependency core −0.85 −0.373 −1.192 −0.79
 ∆ Old age dependency core 0.10 0.25 0.38 0.45
 ∆ Unemployment rate core −0.21 −0.49 0.35 n.a.
2001–2004
 ∆ Population of working age core 1.062,3,4 0.321 −0.301,4 0.421,3

 ∆ Total number of households core 1.483 1.543 −0.461,2,4 1.713

 ∆ Population aged 20 to <25 core 1.952,3 −0.801,4 −1.871,4 0.572,3

 ∆ Youth dependency core −0.393 −0.533 −1.081,2,4 −0.573

 ∆ Old age dependency core 0.073,4 0.224 0.461 0.401

 ∆ Unemployment rate core 0.40 −0.04 −0.25 0.42

1 Statistically signifi cant difference in Tamhane’s T2 post hoc test comparing the mean values in the stage with those in urbanisa-
tion stage (P-value <0.05).
2 Statistically signifi cant difference in Tamhane’s T2 post hoc test comparing the mean values in the stage with those in 
suburbanisation stage (P-value <0.05).
3 Statistically signifi cant difference in Tamhane’s T2 post hoc test comparing the mean values in the stage with those in 
desurbanisation stage (P-value <0.05).
4 Statistically signifi cant difference in Tamhane’s T2 post hoc test comparing the mean values in the stage with those in reurbanisa-
tion stage (P-value <0.05).

behaviour that are in line with recent processes 
of reurbanisation (Ogden and Hall, 2000). This 
has been further shown by a range of case studies 
in European inner city areas (Léon, Bologna, 
Leipzig, Ljubljana: Manchester, Glasgow: Seo, 
2002; Buzar et al., 2007a; Leipzig: Kabisch et al., 
in press).

Interestingly, signifi cant mean values of the 
reurbanisation and urbanisation stage appear 
similar in terms of a population gain in the 
core city that is, according to van den Berg et al. 
(1982), characteristic for both stages. The differ-
ences between the mean values of the socio-
demographic variables in both stages are 
signifi cant compared with the cities in the 
suburbanisation and desurbanisation stage. 
Thus, agglomerations in the urbanisation and 
reurbanisation stage seem to have the same 
characteristics.

Furthermore, the changes in the young- and 
old-age dependency show similar mean values 

in the core cities of all stages. Notably, the high 
mean values for desurbanising core cities suggest 
that demographic ageing will be extremely 
severe in cities already facing shrinkage in the 
whole agglomeration. Old-age dependency, 
however, is projected to double in all industri-
alised countries due to declining fertility and 
mortality and will also affect the entire world 
population (Reher, 2004; United Nations, Depart-
ment of Economic and Social Affairs, Population 
Division, 2004).

The post hoc comparisons also indicate that the 
means of the population of working age and 
the total number of households representing the 
desurbanisation stage signifi cantly differ from 
the others. As identifi ed above, Eastern European 
cities in particular are in the desurbanisation 
stage facing overall population decline. As the 
mean values report negative changes, the results 
support the idea that decline is the dominant 
urban trajectory in Eastern Europe.
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CONCLUSIONS

In this paper, a comprehensive data set of 
European agglomerations was analysed in terms 
of their annual population growth rates for the 
core cities and fringe areas. For the fi rst time, new 
population development trends were identifi ed 
for the period after 1990 when major societal and 
economic transitions in Europe occurred.

Our fi ndings indicate a positive population 
trajectory for Europe’s large and medium sized 
agglomerations which are currently better placed 
than smaller ones. They seem to be able to extend 
their growth rates whilst most of the small 
agglomerations were showing population decline 
by 2001. One of the main reasons here is the pro-
vision of certain social and economic services and 
amenities that large cities are supposed to be 
better provided with compared with smaller 
agglomerations. Focussing on the attribute of 
location in Europe, we found that Western and 
Southern European core cities are mainly associ-
ated with population growth since 2000, but were 
declining in the 1990s. By contrast, the trajecto-
ries for Eastern European cities showed severe 
decline as the dominant process since the mid 
1990s. Population decline here is thought to be 
mainly associated with processes initiated by the 
political and economic upheaval of the 1990s. 
However, a slight recovery emerged after 2001.

The quantitative and rather descriptive results 
were, then, contrasted with the classic cyclical 
urbanisation model (van den Berg et al., 1982), in 
order to examine the current viability of the 
model and its four stages framework.

Our fi ndings show that the consecutive 
order of the stages has changed or reversed: we 
found an urban revival or reurbanisation that 
emerges as an increase of population in the 
inner parts of the city in spite of suburbanisation 
and to a smaller extent, desurbanisation signifi -
cantly taking place in the 21st century. Addit-
ionally, an increase of agglomerations in the 
urbanisation stage was found, leading to an 
obvious parallelism of reurbanisation and urban-
isation at the same time. These two stages are 
defi ned in a different way by van den Berg et al. 
(1982) but appear similar in quantitative terms 
and also when looking at the driving forces 
behind the stages. Increases in the household 
number and younger people (aged 20–<25) are 
trends associated with the second demographic 

transition, which seem to drive reurbanisation 
and also urbanisation. We conclude therefore 
that the urbanisation and reurbanisation phase – 
separated in the van den Berg model – may 
coexist in specifi c cases. As such, the present 
urban development would mainly consist of 
three stages – (re)urbanisation, suburbanisation, 
and desurbanisation. In this sense, the sequential 
approach of the van den Berg model in its origi-
nal version does not appear to be applicable if 
it is no longer possible to identify one general 
tendency in European urban development but 
rather a mix of different trends taking place at 
the same time.
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NOTES

 (1) For spatial analysis the Data source GISCO – 
Eurostat (European Commission)  EuroGeograph-
ics for the administrative boundaries was used.

 (2) We use the word ‘stage’ since we refer to the 
van den Berg model and respective other papers 
that all use this term for the phases of urban 
development.

 (3) The term ‘urban sprawl’ is also commonly used 
as synonym for ‘suburbanisation’, see also Nuissl 
and Rink, 2005.

 (4) These demographic trends are referred to by an 
increase in single households, couples with no chil-
dren and with two or more people in work, 
amongst other trends indicating the second 
demographic transition. These unconventional 
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household structures are likely to favour city loca-
tions due to the proximity of city amenities and 
core city employment (Cheshire and Hay, 1989).

 (5) Austria: www.statistik.at; Spain: http://www.
ine.es/; Poland: http://www.stat.gov.pl. Unfor-
tunately, data is not available for all of the cities 
involved for each of the respective years. In order 
to analyse a consistent data set representing the 
whole time period, some countries (e.g. France) 
had to be omitted from this study.

 (6) The NUTS classifi cation was set up by EURO-
STAT to be a single, coherent system of territorial 
groupings in order to compile EU regional statis-
tics. For the average size of NUTS 3, the NUTS 
Regulation lays down a minimum (150,000) and 
maximum population threshold (300,000). LAUs 
are low level divisions and basic components of 
the NUTS regions. LAU-1 and LAU-2 were pre-
viously called NUTS-4 and NUTS-5, re spectively. 
(http://ec.europa.eu/eurostat/ramon/nuts/
basicnuts_regions_en.html [accessed 7 November 
2008]).

 (7) For convenience, the term ‘growth rate’ is used in 
our study instead of the term ‘change rate’ (van 
den Berg et al., 1982) because in several recent 
studies it is commonly used (Turok and 
Mykhnenko, 2007; United Nations, Department 
of Economic and Social Affairs, Population Divi-
sion, 2004, 2008).

 (8) The timing (2004, towards the end of time series) 
of the application was chosen because it can be 
compared with previous studies (van den Berg 
et al., 1982; Cheshire and Hay, 1989; Turok and 
Mykhnenko, 2007). Furthermore, all LUZ were 
left inside the study even if their population 
number is less than 200,000. This is the threshold 
in the van den Berg et al. (1982) study. However, 
we aim at getting results also for small and 
medium-sized LUZ.

 (9) As a part of performing the ANOVA, tests for 
required distributional assumptions were done. 
The Levene statistics were observed to assess the 
equal variance assumption. The Levene statistics 
revealed that in some cases the variances for the 
variables were not equal. Thus, Welch statistic is 
reported and Tamhane’s T2 – post-hoc test were 
used as multiple comparison tests, which do not 
assume equal variances.

(10) Here, we use R2 (coeffi cient of determination), 
because we use linear regression to identify 
(non)signifi cant relationships.

(11) In his study Cheshire (1995) defi ned the UK, 
Germany (West), Benelux and Denmark as 
Northern Europe. In our study the UK belongs to 
Northern Europe and Germany, Benelux and 
Denmark to Western Europe.
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a b s t r a c t

Recent demographic change, mainly characterised by a decreasing and ageing population, is seen as one
of the main factors for future land use development in Europe. However, there is still insufficient evidence
about the relationship between demographic changes and land use changes since quantitative studies
dealing with these interactions are still rare. We aim to fill that gap by presenting the first comprehensive
study that investigates statistical relationships and spatial differentiations between demographic and
land use change for the whole of Germany. Our study is based on data for the period from 1995/1996 to
2003/2004. The results clearly show that in most growing regions in the West of Germany a correlation
was found between land use, natural population growth and net-migration, whereas for land use change
in the shrinking regions in the East of Germany economic variables are of noticeable importance. A clus-
ter analysis reveals “gaining” and “shrinking” regions concerning both urbanisation and demographic
change. Neither a decreasing nor an ageing population imply reduced land consumption for housing and
transportation. Furthermore we found a decreasing settlement population density for almost all German
districts regardless of population growth or shrinkage.

© 2009 Elsevier Ltd. All rights reserved.

Introduction

Demographic change is becoming increasingly more important
in political and planning discussions, given that it is considered
to be an important factor for future land use development and
urbanisation throughout the whole of Europe (UN, 2007; UNPF,
2007). The Millennium Ecosystem Assessment states that demo-
graphic development is an essential driver for ecosystem and land
use change (Nelson et al., 2006; EEA, 2006). As in most European
countries, demographic development in Germany is mainly char-
acterised by a declining and rapidly ageing population due to a
fertility that is below replacement and an increasing life expectancy
(Edmonston, 2006). Another important aspect of demographic
change is the decline of the average household size in line with
what demographers describe as the Second Demographic Tran-
sition (SDT; Lesthaeghe and Neels, 2002; Steinführer and Haase,
2007). However, long-term data sets on household dynamics and
household types put into relation with land use dynamics are still
rare (Haase and Haase, 2007).

∗ Corresponding author.
E-mail addresses: fkroll@ecology.uni-kiel.de (F. Kroll), dagmar.haase@ufz.de

(D. Haase).

In addition to a decrease in fertility, migration can be an even
more determining factor that influences population size and age
structure (Flöthmann, 2003). Ever since the German reunification
in 1990, migration fluxes from eastern to western Germany and
from the core cities to the suburban regions have been observed
(Nuissl and Rink, 2005). Rural regions in eastern Germany have
particularly suffered from population decline and a growing pro-
portion of elderly people whereas most suburban and rural regions
in the western part of the country are still experiencing popu-
lation growth (Müller and Kilper, 2005). Demographic processes,
of which the migration rate is of prime importance, are having
significant impacts on urbanisation. Marginalisation and land aban-
donment in rural areas are becoming more and more observable.
However, ongoing construction activities in the suburban areas of
eastern Germany’s shrinking cities are creating an urban-sprawl
and resulting in the perforation of residential areas, and a decreas-
ing settlement population density (Nuissl and Rink, 2005).

Currently, population decline is regarded as an opportunity to
increase the sustainability of land use by decreasing the further
sealing of open areas for housing and transport (Haase and Nuissl,
2007), although there is still almost no evidence on the accuracy of
this relationship. Through its national sustainability strategy the
German Federal Government (German Federal Statistical Office,
2007) hopes to limit new land consumption for housing and trans-
port purposes to 30 ha/day up until 2020. This target, however,

0264-8377/$ – see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.landusepol.2009.10.001
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Fig. 1. Main components and sequence of the methodical approach.

still seems to be well out of reach, as a noticeable trend towards a
decreasing amount of land consumed for housing and transport is
not yet visible. Thus, the effects of a declining and ageing popula-
tion on the development of residential and transport areas are of
particular interest to national and regional policy makers.

In the current literature, contradictory assumptions about the
relationship between demographic change and land use have been
found. A declining population is not necessarily followed by a
decline in development or even a decrease in urban land (German
Federal Environment Agency, 2003; Couch et al., 2005). The reasons
for this can be attributed to a decreasing household size and a rise in
housing demand regardless of population decline. In contrast, Wolf
et al. (2004) expect a future decline in urban area growth in regions
with a decreasing population. In addition, abandoned agricultural
land and the growth of forest and natural land following the depop-
ulation of rural areas are considered to be a likely scenario (Bruns
et al., 2000).

However, a quantitative analysis of the relationship between
demographic and land use change at the regional scale is still miss-
ing.

Objectives and case study

We aim to fill that gap by using Germany as an example and
looking for, firstly, statistical relationships between demographic
and land use changes and, secondly, the spatial differentiation and
heterogeneity of demographic and land use change variables.

Germany is extremely well suited as it is the most populous
country of the EU and has shown significant demographic changes
since 1990. At the same time, Germany has one of the high-
est rates of daily land consumption (a current average of 113 ha

in 2006; German Federal Statistical Office, 2008). Therefore, we
looked for correlations among the most significant demographic,
socio-economic and land use variables since 1990 in order to
depict statistical relationships, which identify possible causalities.
We focused on both the entire country and its urban, suburban
and rural regions. This enabled us to explore varying relation-
ships depending on regional specifics as major differences between
eastern and western Germany were expected. Such quantitative
knowledge of statistical relationships between demography and
land use can be used to support policy makers and help them to
cope with population growth and decline when “planning” sus-
tainable spatial development.

The paper is organised as follows: in the first part, after an
introduction, the components of the methodical approach are pre-
sented, followed by the results of the statistical analyses. In the
subsequent part the results are discussed and in the final part the
final conclusions are drawn.

Data and methods

In order to build a statistical model including land use and
socio-demographic processes, we identified key land use and
socio-demographic variables. The respective variable selection
was restricted by data availability at the district level. We chose
the spatial level of the 439 German districts as a compromise
between a high spatial resolution and the availability of compa-
rable data for all entities. After collecting the data, the changes for
1995/1996–2003/2004 were computed before conducting a vari-
ance, correlation and cluster analysis. Fig. 1 summarises the main
components of the methodical approach.

126



Author's personal copy

728 F. Kroll, D. Haase / Land Use Policy 27 (2010) 726–737

Fig. 2. Conceptual model of the basic logic and assumed cause–effect relationships between demography and land use.

Land use data

The German Federal statistical agencies provide the “Genesis-
regional” database (www.genesis-online.de/regional) that holds
data for the country on different land use types at the district level.
From these we selected agricultural land, forest land, settlement
and transport areas, residential areas, transport areas, commercial
and industrial areas and recreational areas for our analysis. We cal-
culated the absolute rate of change �x for each land use variable x
in hectares from t1 = 1996 to t2 = 2004 at the district level (N = 439),
as comparable data for the eastern part of Germany were not avail-
able for dates prior to this due to this part of Germany being the
GDR until 1990.

Socio-economic data

Current literature identifies population growth as a dominant
driving force of landscape change (Verburg et al., 1999; Serneels
and Lambin, 2001; Wang and Zhang, 2001). Population decrease on
the other hand does not necessarily lead to a decrease in built-up
areas, as many authors point out (Müller and Kilper, 2005; German
Federal Environment Agency, 2003; Heiland et al., 2005). The (posi-
tive) development of the rural population size is expected to reduce
agricultural and forest land (Bruns et al., 2000). Therefore, we chose
population growth as a demographic variable to test its relation-
ship with land use change. As population growth in turn depends
on the natural population development and net-migration rate, we
included both variables in our analysis to identify whether one
variable better explained population growth than the other.

Besides population development, the influence of the age
class structure on land use is the second most important issue.
Kristensen et al. (2001) assumed the age structure to have an
indirect effect on the growth of urbanisation via the percent-
age of single households, commuters, cars and housing areas per
capita—therefore, we included these variables in our analysis in
addition to the age class structure. We assumed a correlation
between these variables, as older people often stay in their homes
even when they are living alone and do not need a lot of space.
Waltersbacher (2006) listed the ageing of the population in Ger-
many as one main reasons for a rising demand for housing area. In

order to capture the relationship of young and elderly age classes
both young and old-age dependency rates1 were computed.

As the amount of cars and the volume of commuters depend on
the population age class structure (Scheiner, 2006) it is assumed
that they have an influence on the transport area. To identify the
role of economic development on land use change, we also included
employees per economic sector, GDP per economic sector and
investments in industry in our analysis.

According to the land use variables, we calculated the
absolute rate of change �x for each demographic variable
x from t1 = 1995/1996 to t2 = 2003/2004 at the district level
(for instance �net-migration rate = in-migrants from t1 = 1995
to t2 = 2004 − out-migrants from t1 = 1995 to t2 = 2004). All our
hypotheses are combined in a conceptual model, which presents
the basic logic and assumed cause–effect relationships between
demography and land use (Fig. 2).

For the socio-economic variables we first obtained data from
the “Genesis-regional” database (time span 1995–2004). Secondly,
data was taken from the database “INKAR” (time span 1995–2003),
provided by the German Federal Office for Building and Regional
Planning.

Regionalisation

The German Federal Office for Building and Regional Planning
grouped the 439 German districts into nine different spatial cate-
gories according to their population density (German Federal Office
for Building and Regional Planning, 2006): core cities in agglom-
erations, core cities in urbanised areas, highly densified districts
in agglomerations, densified districts in agglomerations, densified
districts in urbanised areas, rural districts in agglomerations, rural
districts in urbanised areas, rural districts of high population den-
sity and rural districts with low population density. To extend the
number of cases within one category for statistical analysis we
aggregated these given nine categories to the following four: core

1 Young-age dependency rate is
∑

age 0–19/
∑

age 20–60; old-age dependency

rate is
∑

age >19/
∑

age 20–60.
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Fig. 3. Variance of natural population development 1995–2004 and net-migration 1995–2004 for different spatial types.

cities, suburban districts, rural districts in agglomerations and rural
districts outside agglomerations. However we additionally distin-
guished between the districts in the East part and West part of
Germany since we expected particular differences between post-
socialist Germany in the East and West of Germany. All statistical
analyses were conducted separately for the eight resulting spatial
categories in order to find out whether or not relationships differed
depending on the region and the spatial category.

Correlation analysis

First, histograms and box Whisker plots were applied to analyse
the distribution and variance of data according to the spatial cate-
gory. Secondly, a bivariate correlation analysis according to Pearson
(because the data was mainly Gaussian distributed) was conducted
using demographic, socio-economic and land use variables. We cal-
culated the correlation coefficients r for all variables x and their
change rates �x for t1 = 1995/1996 and t2 = 2003/2004. Further-
more, we set-up a correlation matrix including all demographic,
socio-economic and land use variables for all spatial categories,
and for the West and East of Germany separately. Absolute cor-
relation levels between ±0.7 and ±1.0 have been classified as very
high, those between ±0.5 and ±0.7 as high and those between ±0.3
and ±0.5 as low. The variance and correlation analyses were both
computed using the software package SPSS® version 14.

Bivariate statistical correlations alone do not prove a
cause–effect relationship between the two variables in ques-
tion, as there is the possibility of a not considered third causal
variable. The existence of such a third causal variable can be
excluded by applying partial correlation analyses. However, we
decided to use our conceptual model (Fig. 2), which was devel-
oped on the basis of a literature review, as an orientation to
decide whether an identified statistical correlation also reflects an
assumed and hypothesised cause–effect relationship. All identified
significant correlations that we previously expected to find, as it is

documented in our conceptual model, are therefore considered as
cause–effect relationships.

Cluster analysis

In order to investigate the heterogeneity of the spatial dis-
tribution of both demographic and land use variables, a cluster
analysis was conducted using the software package SPSS® version
14. To capture both dimensions of interest, demographic change
and land use change, the land use variables of agricultural land and
residential area and the demographic variables of net-migration
and natural population growth were chosen as key variables. The
variable data were z-transformed to enable their comparison. Here-
inafter, a WARD-hierarchical clustering was applied to all of the 439
districts. The WARD method using the squared Euclidian distance
as a distance measure proved to be very suitable for spatial socio-
demographic data since it builds clusters with a similar number of
cases (Behrensdorf, 2006).

Results

First, the results on the spatial differentiation of demographic
and land use variables are presented, followed by the statistical
relationships of these. Table 1 summarises the Pearson correlation
coefficients r that were obtained. High correlation coefficients are
typed in bold.

Although population development shows a Gaussian dis-
tribution of values, differences between the spatial categories
concerning the two components that influence population devel-
opment, net-migration and natural population growth, were
identified as substantial. On closer examination of the correspond-
ing box Whisker plots, many extreme values were found in most of
the spatial categories, indicating that growth and shrinkage simul-
taneously occur in the whole of Germany and not only in the eastern
part of Germany as is often assumed (Fig. 3).
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Fig. 4. The net-migration rate 1995–2004 across district-boundaries as total popu-
lation/number of persons.

Core cities in the East of Germany suffered from the most severe
population losses caused by both, out-migration and natural pop-
ulation decline. Some of the out-migrants moved to rural districts
in agglomerations, namely to the surrounding areas of Berlin and
Leipzig (Fig. 4), which is the reason for the positive net-migration of
the eastern German rural districts in agglomerations. In addition to
the surrounding area of Berlin and Leipzig, nearly all districts that
gained population by immigration are situated in the surrounding
areas of big cities, demonstrating that suburbanisation is an impor-
tant process over the time span under consideration. In addition to
the core cities, rural regions were also affected by out-migration.
The change in the net-migration in this case, is positively corre-
lated with the change in employees in the tertiary sector in six out
of eight spatial categories (r > 0.5; Table 1).

The natural population growth also showed clear differences
between the spatial categories. Here, the suburban districts showed
a higher fertility compared to a clear decrease in natural popula-
tion growth in all other spatial categories, indicating that families
with young children prefer to live in the suburban regions. Further-
more, the natural population growth decreased more obviously in

all eastern German districts: it is, however, not as important for the
overall population development as the net-migration which evi-
dently correlates with population growth in all spatial categories
(cf. again Table 1).

The age structure is the other important demographic variable
in addition to the absolute population development. The shift to an
older population was greatest in eastern Germany’s rural areas due
to the out-migration of young people and low birth rates. Here, the
change in the old-age dependency rate correlated with the migra-
tion rate with a correlation coefficient of −0.74 and with the change
in the amount of commuters with a correlation coefficient of −0.71.
Moreover, it showed a high correlation with the change in living
area per person (0.59) in all eastern German districts (Fig. 5).

As examples for the spatial differentiation of land use changes,
the development of settlement and transport areas (Fig. 6) and the
development of agricultural areas (Fig. 7) over the time span from
1996 to 2004 are presented using Whisker box plots. To facilitate
an assessment of these changes, the absolute values of the area
sizes for the year 2004 are also shown. An important fact is the
comparably high expansion of the settlement and transport areas
in core cities in the East of Germany, in spite of the small absolute
size of city districts. Agricultural area decreased in all of the spatial
categories by a similar amount, but a little more intensely in the
western districts.

What statistical relationships could be found between demo-
graphic and land use changes? The land use variables did not
correlate with the demographic variables in eastern Germany.
However, some correlations between economic variables and land
use variables were found here, like for example a correlation of
0.63 between the settlement and transport areas and the invest-
ments in industry in the rural areas (Table 1). The relationships
in western Germany are different from those in eastern Germany.
Here, there was a high correlation between the population devel-
opment and the migration rate with the change in settlement and
transport areas (0.5) as well as with the change in residential
areas (0.5). A slight correlation with the change in the transport
area was also observed (0.36). Fig. 8 shows the different relation-
ships between the population development and the settlement and
transport areas for eastern and western Germany.

In contrast, the correlation between the population develop-
ment and the change in the agricultural area was negative (−0.49).
Logically, there was also a negative correlation between the set-
tlement and transport area with the agricultural area (−0.78),
meaning that the increasing settlement and transport area replaced
the agricultural area. The forest area did not show any consider-

Fig. 5. Scatter plots of the �old-age dependency (1995–2004) in districts in eastern German with �commuters (1998–2004) and with �living area per capita in m2

(1995–2003). The old-age dependency shows a high correlation with both of the other variables.
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Fig. 6. The settlement and transport area in absolute values for the year 2004 and its changes from 1996 to 2004 for different spatial categories.

able correlations, either with population development or with the
agricultural area.

Fig. 9 shows that the decreasing settlement population density
is valid for almost the whole of Germany, whereby the settle-
ment population density only increased in 15% of all districts.
A declining settlement population density has negative environ-
mental impacts in several respects. It affects the land and energy

resource-efficiency due to a higher demand for residential area per
person and a higher consumption of energy per capita for mobil-
ity purposes (Camagni et al., 2002; Newman and Kenworthy, 1988,
1989). Hence, we are striding away from the goal of sustainable land
use, in spite of the reality of demographic change. It seems that the
effects of a shrinking population in some parts of the country are
overlaid by the effects of suburbanisation and changing household

Fig. 7. The agricultural area in absolute values for the year 2004 and its changes from 1996 to 2004 for different spatial categories.
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Fig. 8. Scatter plots of �population development (1995–2004) and �the settlement and transport area (1996–2004) for districts in eastern and western Germany. The
population development only correlates in the western German districts with the development of the settlement and transport area.

structures. Therefore, it would be interesting to incorporate more
household relevant variables into further research.

Furthermore, the inclusion of additional economic, tax and
investment variables should reveal important results. Equally, an
analysis at the municipality level, including all German munici-
palities, would be desirable because processes even differ within
one district and can cancel each other out when observed at the
district level. However, the problem of finding comparable data at
the municipality level for an adequate time span hinders such an
analysis.

The cluster analysis also revealed spatial differentiations in
demographic and land use changes. The optimal number of clus-
ters is the one after which the marginal gain of adding one more
cluster drops sharply. As the outcome of the clustering, a solu-
tion with six clusters was chosen. Table 2 summarises the cluster
characterisations, whereas Fig. 10 illustrates the cluster’s spatial
distribution.

The first cluster is composed of 187 western German and 42
eastern German districts. It includes 67% of all core cities, which
exhibited a relatively small absolute land use change due to their
small absolute area. Furthermore, the population number also

Fig. 9. Change in settlement population density and transport area (in inhabitants
per hectare) from 1995 to 2004.

changed the least in cluster 1 compared to the other clusters. 95% of
the districts in the second cluster are located in western Germany,
all of which are in the suburban and rural area. It is the cluster
with the highest average natural population increase, with a high
decrease in agricultural area and a high increase in residential area.
The districts that are gathered in the third cluster are those with the
highest population losses, located in eastern Germany and in the
western German old-industrialised regions of the Ruhr basin and
Saarland. The increase in residential area as well as the decrease in
agricultural area in these districts was moderate. The fourth cluster
is characterised by high immigration and a considerable land use

Fig. 10. Spatial distribution of the six clusters, resulting from a cluster analysis that
comprises the four variables natural population development (1995–2004), migra-
tion rate (1995–2004), �agricultural area and �residential area (both 1996–2004).
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Table 2
Main characteristics of the clusters concerning the development of the four variables (natural population development, migration rate, agricultural area, residential area)
and regarding the belonging of the districts to western or eastern Germany and to the spatial categories.

Composition Natural increase
1995–2004 (persons)

Migration rate
1995–2004 (persons)

�Agricultural area
1996–2004 (ha)

�Residential area
1996–2004 (ha)

Mean Standard
deviation

Mean Standard
deviation

Mean Standard
deviation

Mean Standard
deviation

Cluster 1 187 West, 42 East, 67% of core cities −1641 2905 3243 4498 −569 391 284 223
Cluster 2 74 West, 4 East, suburban and rural 1220 3790 8970 4966 −1632 475 670 176
Cluster 3 24 West, 52 East, all spatial categories −7078 4758 −7681 9194 −297 656 241 237
Cluster 4 23 West, 13 East, 83% suburban −2830 6046 22855 12137 −1112 1094 1017 449
Cluster 5 18 West, 1 East, 63% rural 1142 4833 13474 5253 −3248 1659 1601 625
Cluster 6 1 core city (Berlin) −54923 – −29264 – −1806 − 1150 –

change. As mentioned above, most of these districts can be found in
the suburban area surrounding big cities. However, the increase in
residential area was even greater in the districts of the fifth cluster,
which is composed mainly of rural districts in the West of Ger-
many. Remarkably, the population increase here was not as high
as in those districts of the fourth cluster. The core city Berlin formed
its own cluster, because population losses due to out-migration and
natural population decrease were far more distinctive here than in
any other cluster.

Hence, some typical characteristics can be found for each
cluster, but the differences concerning the development of the
settlement and transport areas are greatest. Furthermore, the
migration rate shows considerable differences between the clus-

ters. For most clusters, a principal region in the country can be
identified, with the exception of cluster 4 whose districts are
sprawled out in suburban areas all over the country (Fig. 10).

Discussion

The results of our analysis reveal that demographic variables
vary considerably from district to district, depending on the spatial
category and the part of the country in which the district is located.
As population decline can mainly be observed in the East of Ger-
many and in the old-industrialised regions in the West of Germany,
it seems to accompany economic decline. Regions that offer more
jobs in the service sector are attracting the labour force, which can

Fig. 11. Statistical relational model for districts in the West of Germany.
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Fig. 12. Statistical relational model for districts in the East of Germany.

be assumed by the correlation coefficients between employees in
the tertiary sector and the migration rate (cf. again Table 1). Core
cities however are also experiencing a loss of population to the
suburban districts by out-migration. This suburbanisation process
is producing growing and shrinking districts that are situated next
to each other. Districts that are facing population decline due to
out-migration are often the ones with the most obvious change
in the age class distribution, which is demonstrated by the high
correlation between the out-migration rate and a growing old-age
dependency (cf. again Table 1). Hence, both population shrinkage as
well as an ageing population are more likely to be influenced by the
migration rate than by the natural population growth. This observa-
tion is only true at the small-scale district level, although it is man-
ifesting in the effort of the communities to attract young people.

The question as to whether these dynamics are related to
changes in land use or infrastructure cannot be answered with
universal validity. The change in net-migration is of particular
importance for districts in the West of Germany. Because most of
these districts are growing in total population, it can be concluded
that in-migration contributes to the development of settlement
and transport areas whereas out-migration does not. Obviously,
the growth of areas for settlement and transport do not decrease
considerably or even stop when the population is shrinking. One
reason for this might be the ongoing land consumption at the urban
fringe of shrinking cities leading to deconstruction and perfora-
tion in the city centres (Haase et al., 2008). The urban restructuring
programme “Stadtumbau Ost”, that was implemented by the Fed-
eral Government in 2002 receiving subsidies of 2.5 billion Euros for
the demolition of 350,000 flats (Lang and Tenz, 2003; Wiechmann,
2003), still does not show any effects at the district level since dis-
trict and national statistics do not cover these data yet. Several
processes that started in the East of Germany after the reunifi-
cation are assumed to be responsible for the missing correlation
between population development and land use change, such as

the improvement to infrastructure and the change in household
structures.

Compared to the migration rate, the effects of the shift in the
age structure on land use changes are still minor. No correlations
between the change in age structure and land use changes could
be found. However, the indirect impacts through the change in
commuter volume, the percentage of single households and an
increasing living area per person are likely to grow in the future.
There is already a strong relationship between these variables and
an ageing population in the East of Germany.

Figs. 11 and 12 summarise slight correlations (normal lines)
and high correlations (thick lines) in absolute values between the
demographic and land use variables that were found in districts in
the West and East of Germany. Both figures show once again that
there is a statistical relationship between population dynamics and
land use changes in western Germany, whereas economic devel-
opment seems to be of greater importance for land use changes in
eastern Germany. The collapse of industry in East Germany after
reunification and the subsequent subsidies in industry and com-
merce are the economic and political factors behind this situation.

Surprisingly, no important correlations could be found between
the forest area and other land use types or between the forest area
and demographic variables. One reason for this is the difficulty
for statistical agencies to detect young forests growing on areas
formerly used for agricultural purposes, as long as the ownership
structure does not change. According to the survey of the National
Forest Inventory which also detects areas of succession, the over-
all forest area is actually reported to be larger (11.1 million ha in
2002, www.bundeswaldagentur.de) than in the regional statistics
that are used (German Federal Statistical Office, 2007). Unfortu-
nately however, the National Forest Inventory data do not exist at
the district level.

The cluster analysis demonstrates that the spatio-density types
‘core cities’, ‘suburbia’ and ‘rural areas’ indeed differ in their
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development, even though the more important criterion for the
assignment of a district to one of the clusters was its location in the
east or west part of the country. The districts with the highest land
consumption for residence areas are mainly located in the rural-
peripheral area of north-western Germany; they are grouped in
cluster 5 (Table 2). These are for example the districts of Emsland
and Cloppenburg, both known for their favourable demographic
and economic development (Danielzyk and Wiegandt, 2005).

Hence, we must add that not all rural-peripheral districts are
affected by population and economic decline, at least not all of
those in western Germany, although these are moving away from
their “rural” character by sealing more and more surfaces. Most of
the other districts with a favourable demographic development, or
even a natural population increase, can be found in the suburban
regions of southern Germany, where families are moving to and
away from the city centres. However due to the fact that a natural
population increase is not related with land consumption to the
extent that a positive migration rate is, these are not the districts
with a strong growth in residential areas. The latter are clustered
in cluster 4 (Table 2), which contains the afore-mentioned dis-
tricts with the strongest immigration, e.g. the districts surrounding
Berlin, Munich and Hamburg.

Cluster 3 includes the districts with the most severe population
losses due to out-migration and a natural population decline. They
are located in the East part of Germany and the old-industrialised
regions of West Germany, but a dominant spatial category cannot
be found. The land consumption for residential areas is lowest in
the districts of cluster 3. This observation however should not cover
the fact that the settlement population density decreased the most
in cluster 3 (cf. again Fig. 9), which explains the missing correlation
here between population development and land use changes.

The results of the paper permit to draw a range of spatial plan-
ning and policy implications of which the most important are as
follows: firstly, federal targets such as the 30-ha target cannot
“rely” on demographic decline as a key to reduce land consumption.
On the contrary, other government policies such as the commuter
tax allowance or the financing of suburban road infrastructure
counteract a reduction of land take in demographically declining
areas. Secondly, federal policies on spatial planning and infras-
tructure should focus more on the causations and roots of land
consumption but regionally differentiated. Whereas in the flour-
ishing growing clusters shown in Fig. 10 land consumption has to
be controlled with land-saving settlement forms and maximum
settlement densities of newly prepared land, predominantly in the
eastern part of Germany brownfield re-use strategies and urban
infill-development in combination with minimum densities might
be a more appropriate bundle of spatial planning policies that take
a “thinning-out” of the population better into account (BMVBS and
BBSR, 2009; Kötter et al., 2009; Schetke et al., 2009).

Conclusions

As one of the first comprehensive studies on quantitative rela-
tionships between demographic and land use change, our analysis
shows that the declining population in core cities and rural areas
in the East of Germany does not accompany a decrease in land
consumption, as economic processes seem to be of far greater
importance for land use changes here. So far the ageing popula-
tion has not yet had any detectable effect on land use changes,
but this will change in the future, if the per capita housing area of
elderly people continues to increase. The cluster analysis reveals
that the districts with the highest land consumption per capita
are located in the rural areas of north-western Germany. Apart
from suburban districts with significant immigration, the settle-

ment population density decreased across all districts including
both eastern and western Germany. Hence, we are striding away
from the goal of sustainable land use regardless of the reality of
demographic change.

The findings of the paper suggest that demographic change
will not “solve” the problem of land consumption in Germany,
which is a striking discrepancy between the actual amount of daily
land consumption (a current average of 115 ha in 2008; Federal
Statistical Office, 2008) and the political goal of limiting new land
consumption to 30 ha/day. However, it clearly identifies where
both demographic and land use change lead to a more concentrated
or even scattered development with increasing land consumption
per capita at the least. The clusters that we identified give planners
more support when considering regionally specific policy options
for dealing with demographic and land use change rather than pur-
suing an overall and non-differentiated federal land consumption
target of 30 ha.
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Introduction

Reurbanization has been discussed since the 1980s as a concept to explain the resurgence

of inner-city housing as an alternative for different residential groups. It describes the

stabilization of inner-city areas by means of stopping out-migration and encouraging

present residents to stay as well as the influx of new residential groups. It highlights the

nexus between urban transformation, newly emerging demographic and household patterns

and their consequences for the use of urban structures and housing markets (Nuissl & Rink,

2005). Being closely connected to demographic and household shifts, diversification of

lifestyles and related altering housing preferences, it focuses on a newly emerging “city-

mindedness”, i.e. urban living as a primary housing preference. It depends highly on

local settings of economic and infrastructural but also historical and cultural factors.

To foster a clearer understanding of the nature and dynamics of local reurbanization,

to assess its extent and progress and, what is more, to help practitioners to shape sustain-

able and appropriate policy initiatives, reurbanization needs to be observed over the long

term. Its complex and qualitative character as well as high context dependency sets new

challenges for monitoring approaches and respective tools (cf. also Morrison, 2003,

pp. 129, 132; Banzhaf et al., 2005).

Inner-city development is characterized by the interplay of processes in space and time

(Antrop, 2004). Within recent decades, on the one hand, forecasts have been disproved

quite often by a more differentiated, erratic and, subsequently, “unpredictable” reality

(e.g. concerning gaps between stated housing preferences and revealed relocation decisions;

consequences of residential changes, ageing, displacement and segregation). On the other

hand, however, lean municipal budgets and the rising competition of cities throughout

Europe and world-wide, forecasts are of a rising importance for both politicians and

urban planners to exploit effectively existing potentials, to avoid dead ends in local devel-

opment and to counteract unfavourable trends in the local economy, spatial and population

development, etc. This caused a rising interest in the discussion of monitoring systems

picturing urban processes within the scientific community. Up to the present, there is

found a—hitherto—manageable body of theoretical and practice-targeted knowledge.

There are more questions to be answered than those that were answered by the recent dis-

course of urban planning and scenario formulation (Caruso et al., 2005).

Set against this background, our paper analyses the appropriateness of monitoring

approaches for the observation of inner-city reurbanization. A newly developed set of reur-

banization indicators is presented. The focus is set on demographic development trends

and their impact on inner-city change. It shows, furthermore, how monitoring approaches

are challenged by their application on urban processes determined not only by measurable

impacts or settings, but also by the individual preferences and actions of residents as well

the priorities and interests of social players (Haase et al., 2005a). Empirical and statistical

evidence is taken from a self-administered questionnaire survey, in-depth interviews

carried out within the framework of the recently completed EU FP 5 research project

entitled “Re Urban Mobil” aiming at analysing reurbanization in European inner city

areas and from municipal statistics.

Set against this background, our paper presents a monitoring design and a respective

newly developed indicator set for reurbanization. The focus of the design is set on demo-

graphic and household development trends and their impact on inner-city change. Due to

the temporal complexity of reurbanization processes our approach comprises on the one
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hand the initial (more quantitative) recognition of reurbanization, which is in the centre of

this paper. A second line of the design follows the investigation of the long-term stability

and evidence of change in a more qualitative way using expert knowledge and residents’

perceptions (cf. Figure 1 later).

The paper starts off by contextualizing both the urban context (reurbanization) and the

methodical approach (urban monitoring). Then, the challenges of measuring evidence and

progress of reurbanization are outlined. In a subsequent section, these challenges are trans-

ferred into a novel core set of indicators for reurbanization followed by a first proof of the

indicators relevance and validity using small-scale statistics for the eastern German city of

Leipzig (2004). Finally, some conclusions are made.

Material and Methods Studied: The Context of Reurbanization and Urban
Monitoring

Reurbanization

The term reurbanization was already used in 1972 by the German sociologist Pfeil (1972,

p. 326) in an incidental way. During the 1980s and early 1990s, it was discussed in relation

with the re-discovery of the inner city by non-traditional and city-minded households in

Western Europe (Häußermann & Siebel, 1987; Kujath, 1988; Lever, 1993) as well as a

trend of recentralization (Berg et al., 1982; Cheshire, 1995). Then, however, reurbaniza-

tion vanished to return the main attention of urban research again to more established con-

cepts like regeneration or gentrification. Moreover, many scholars continued to express

scepticism referring to the existence of reurbanization, at least in a long-term perspective

Figure 1. Monitoring reurbanization processes in inner-city areas (t ¼ time step)
Source: author’s draft.
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(Cheshire, 1995, pp. 1058–1059; Champion, 2001, p. 158; Klaassen & Scimeni, 1981;

Müller & Siedentop, 2004, p. 25). It is only during recent years that reurbanization was

re-set as a top issue on the European urban research agenda. Its application is, however,

still mostly based on the quantitative, population-focused model of urban development

by van den Berg et al. (1982; for an updated version see Lever, 1993, pp. 268–271)

that supposes reurbanization to be reached when—after urbanization, suburbanization,

dis- or counterurbanization—the share of residents in the inner city is, compared with

the whole urban agglomeration, increasing again (cf. Cheshire, 1995: relative reconcentra-

tion). Despite this predominance, approaches have also been increasingly used that

describe reurbanization in terms of qualitative urban change (such as rejuvenation or

diversification of household structures. In doing so, e.g. the rise of one-person households

and the emergence of a “distinctive urban demography” in French inner cities was taken as

evidence for reurbanization by Ogden and Hall (2000, pp. 372–376). Further connotations

are “regaining of attractiveness” or “household diversification” (Kujath, 1988, pp. 27–34;

Lever, 1993, pp. 271–274) as well as “reurbanisation as the maintenance or re-gaining of

social mix in the inner city” (Burton, 2003, pp. 537–539 and 558–559). Some scholars

equated reurbanization with gentrification (Kujath, 1988; Lever, 1993; Gaebe, 2004,

pp. 154–161) or with revitalization due to cultural flagship projects (Seo, 2002; for a

systematic overview see Haase et al., 2005a, p. 80). Last but not least, reurbanization

shows some overlap with the UK regeneration debate (for an overview see Carmon,

1999; Roberts & Sykes, 2000) on the stabilization of neighbourhoods by residentialization

and balancing socio-demographic structures, housing, leisure and jobs in the inner city

(Bromley et al., 2005, pp. 2407–2408, 2409, 2426) and the understanding of small-

scale urban dynamics and social cohesion (Morrison, 2003, p. 117; here apply e.g.

works on reurbanization by Lambert & Boddy, 2002; Burton, 2003). The debate on reur-

banization represents, however, a distinctly separate discussion since it has focused, to

date, less on planning initiatives and more on the observation of emerging trends of

inner-city residential change and the return of urban living as a housing preference.

Cross-referencing mainly the qualitative and small-scale approaches to reurbanization,

most promising from our point of view is the strong interplay with fundamental demo-

graphic processes, especially since non-growth has been becoming the main development

trajectory of European cities (Kabisch et al., 2006). To develop the urban space in a more

sustainable and resource-sensitive way and to ensure the liveability of the “compact city”

(Burton, 2000), households as the key players of mobility, staying and leaving of residen-

tial locations come into focus (Buzar et al., 2005; Buzar et al., 2007; Haase et al., 2005a).

Generally, the hitherto under-researched dimension of housing demography (Myers, 1990)

and the shaping of an “urban demographic landscape” by households (Gober, 1990) are

more considered. Changing household structures in line with the Second Demographic

Transition (SDT; Kaa, D. van de, 1987, 2004; Lesthaeghe, 1995) brought about by societal

processes (individualization and diversification of lifestyles), economic developments

(rise of the service sector) and new fertility patterns (decreasing birth rates, postponement

or renouncement of the family phase in the life cycle; for more detail see Buzar et al.,

2005, pp. 414–422) are assumed to be preconditions of reurbanization. Contemporary

households act very situation-sensitive, i.e. their decision holds the capacity (and neces-

sity) to adapt to changing internal and external conditions. Households have become

smaller in size and less stable since individuals shift from one living arrangement to

another several times during their life course. Non-traditional or non-familiar household

1078 D. Haase, A. Haase, S. Kabisch & P. Bischoff

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
i
n
f
o
r
m
a
 
i
n
t
e
r
n
a
l
 
u
s
e
r
s
]
 
A
t
:
 
0
9
:
1
4
 
2
0
 
O
c
t
o
b
e
r
 
2
0
0
8

141



types (one-person, cohabiting couples, single parents and young adults sharing a flat)

account for a good portion of the pluralized landscape of household types since their

number has significantly increased. While the pluralization of living arrangements is to

be observed Europe-wide, the concrete forms are dependent upon cultural and societal

specifics (Kuijsten, 1996).

The inner city is highly adaptable to the preferences and needs of SDT-sensitive house-

holds. It exhibits a range of appropriate characteristics—e.g. closeness to the city centre

and to places of work, qualification and leisure, easily accessible by public transport.

Their housing structures allow for flexible adaptations to changing personal circumstances

and often the dwellings there are for rent, even in societies which are predominantly

owner-occupied. Especially among non-traditional/non-familiar households, urban life

with its central notions of density and diversity of both people and opportunities possesses

a high value (Häußermann & Siebel, 1987, pp. 17–21; Goetzmann et al., 1996). In both cul-

tural and symbolic terms, the inner city is transformed by these selected socio-demographic

groups, their habits, interests and behaviour. But also for families, inner-city housing

seems to be more attractive and desirable than hitherto assumptions of urban research

have presumed (Brühl et al., 2005). To put it differently: Evidence and progress of

reurbanization becomes visible by the match of found residential environment and existing

housing preferences of those households who carry recent inner-city in-migration and keep

these areas alive and liveable (Buzar et al., 2007; Haase et al., 2005a). Due to its complex-

ity described in this section, reurbanization sets new challenges for urban monitoring to

observe this process. The following section therefore deals with hitherto approaches and

postulates.

The Methodological Approach: Urban Monitoring

Prerequisites. What is urban monitoring? It is the surveillance in state over set periods

of time which provides information primarily on both stock and numerical change of

the social, economic, built and ecological environment (Hellawell, 1991, for the city of

Leipzig; Brandt et al., 2002). Current literature on urban monitoring argues that scientists

and practitioners meanwhile agree that a certain compromise always needs to be made

between the spatio-temporal grain that can be included and the level of change that

can be reliably detected (cf. again Hellawell, 1991). This prerequisite is given when

the monitoring is about known processes (e.g. urban growth) and related indicators,

but is often difficult to provide when new ones such as reurbanization have to be

observed. Owing to the highly spatial and temporal “resolution” of urban processes it

is often difficult to indicate changes that are of interest to the scientist and planner.

A temporally reasonable resolute recurrence interval of the observations is another pre-

requisite for successfully monitoring urban change, because then, irrespective of the

extent or variability of this change, it is always “real” (Caruso et al., 2005; Hemphill

et al., 2004). By contrast, successive random samples drawn from an urban population

or the current urban structure at a certain time give initial and innovative ideas of possible

processes that have to be followed by regular monitoring and thus verified afterwards. In

doing so, both kinds of analyses are of great scientific value for urban monitoring to reg-

ister long-term developments. Naturally, the degree of variation between samples taken

as single case studies has to be recognized and assessed when transferring its results to the

city-level or to another site.
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Current urban monitoring deals mostly with processes that are known at the theoretical

level for being decisive for urban issues such as demographic (population) development,

urban growth (or sprawl), economic development and the environmental status (Home,

1984). In particular, the housing segment of a city is observed only in selected urban moni-

toring systems at a cumulative level.

Existing approaches. Monitoring strategies dedicated to urban processes, their features

and components are stressed as an integrative tool of scientific as well as of stakeholders’

or practitioners’ relevant activities. But in reality, as research of community, urban struc-

ture and residential areas, they are often divided into different sectors due to their multi-

dimensional character. Thus urban monitoring programmes are also determined by “the

sectoral”. Some guiding principles for a complex monitoring of urban processes which

could also address reurbanization are given by van Herzele and Wiedemann (2003) and

are amplified and interpreted for monitoring reurbanization by the authors (based on

Bischoff, 2005):

. “Individual-based” monitoring of reurbanization: As residential spaces (housing units,

streets, compartments, parks or other green spaces, etc.) are intended to support urban

inhabitants’ quality of life, they have to be considered in relation to places where

people live and in a way that reflects their wants and needs. However, this kind of moni-

toring is still far from describing complex profiles of actors (e.g. households, single

inhabitants) moving on the urban ground.
. “Process-driven” monitoring of reurbanization: Migration, decline and resilience should

be evaluated in relation to the relevant functional scales, ranging from house to city or

individual to group level in order to support reurbanization.
. “Space-accessibility-safety-driven” monitoring of reurbanization: Here, the residential

space in form of distances (proximity, accessibility, ways-to-go, surface, visibility,

safety, criminality, etc.) should be considered. If these are not fulfilled, people will

not be attracted to these spaces.
. “Environment-based” monitoring of reurbanization: A variety of qualities ensures an array

of activities and experiences related to urban green within close proximity to homes and

workplaces. Variety is a general issue for total supply at the different functional levels, e.g.

people use urban landscapes such as residential areas including parks, playing fields, urban

forests or fallow land (brownfields) compared to suburban ones. Urban green spaces are

seen hereby in a wide scope and include all the open areas, which can be perceived by

citizens as contributors to their quality of life. This should be highly considered when

evaluating the meaning of multiple land use pattern for reurbanization.
. “Strategy-driven” monitoring of reurbanization: In contrast to long-time statistical

analyses of the major impact of urban developments, these approaches comprise

purpose- and normative-oriented, instrumental ingredients.
. “Practically oriented and administratively based” monitoring of reurbanization: Exist-

ing, practically oriented systems of urban monitoring as currently used within the

administrative urban development of municipalities are mostly reduced to a simple stat-

istical description of single indicators and simple indices and ultimately to a far-reaching

static quantification of the changes of major impacts and factors of urban development

in, for example, the monitoring report for the city of Leipzig (Stadt Leipzig, 2001–

2004). However, these reports should be used as a database for a more differentiated

analysis of the quantitative aspects of reurbanization.
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After defining the monitoring framework we come to the discussion of setting up

appropriate indicators for the used monitoring approach.

Design of indicator sets. According to the design of a relevant core set of indicators for

the reurbanization process urban monitoring appropriate indicator development

procedures are required that should be based on existing methodological experience.

First, numerous existing approaches propose collections of indicators (e.g. United

Nations, 1996, OECD, 1988, 1993, 1997a, 1997b, 1997a, 2001). On the one hand, excessive

information collection does not provide a clear interpretation of a given urban process:

often it goes against the objective of simplification and proving evidence. On the other

hand, an over-aggregated indicator set does not adequately represent urban complexity

and heterogeneity, especially if it results from aggregating opposite trends or antinomies

(Bell & Morse, 2000). A set of indicators should be flexible enough to respond to the

different needs of stakeholders and interest groups and management strategies based

thereon at the different scales.

Second, indicators are used to evaluate the performance, thresholds and trade-offs

(stocks and flows) of the urban system (Haase & Nuissl, 2007). In doing so, standards

or target values are required to define the objectives and evaluate policy strategies. The

establishment of these standards is either of quantitative nature (Does the indicator

fit with the objective function?) or based on expert assumptions, qualitative information

and negotiations of competing interests.

Third, in order to follow up on and audit political actions and strategies, monitoring indi-

cators should generally not only describe the current state. On the one hand, it should

acknowledge the future development dynamics to know whether the system is going

toward or away from the desired progress. On the other hand, the monitoring proves evi-

dence that a policy strategy generates certain effects (Allen, 2001; Harris & Batty, 2001).

To gain a sound understanding of the urban system, exhaustive collection of indicators

with a strong statistical connotation are insufficient. The relevance of each indicator has to

be considered with regard to the application context (de Montmollin & Altwegg, 2000;

Malkina-Pykh, 2002; Gallopin, 1997). For example, the “Sustainable Seattle Initiative”

explicitly proposes the concept of complementary indicators where the linkage of each

indicator with others is clearly highlighted (http://www.sustainableseattle.org). The

Global Urban Observatory initiative from UN-Habitat discusses transversal indices that

link indicators and themes with others (UN-Habitat, 2001, 2002). The “Sustainable

Cities Initiative” and the “Urban Audit I/II” from the European Commission proposes

a structured approach with several major transversal concerns, each indicator relating

to one or several concerns (Ambiante Italia, 2003; OOPEC, 2004).

At the international European level the URBAN AUDIT (pilot phase Urban Audit I

followed by Urban Audit II) programme has provided reurbanization-relevant data on

the regional and city level since 1991 (Table 1). The programme is carried out under

the responsibility of the European Union (EU) Regional Policy Department (DG Regio;

European comparative study of cities concerning their quality of life) and data is provided

by EUROSTAT for a time frame starting 1991 until recently (survey for the years 1996,

1998, 2001, 2003, 2004):

. larger urban zone (LUZ), which is an approximation of the functional urban zone

centred around the town/city;
. core city (administrative definition);
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Table 1. Resolution and information level of global, European, national and municipal

statistics and monitoring programmes on urban land use development

Statistics,
Programme Spatial resolution Temp. resolution

Indicators, variables,
outcomes

Global
UN-HABITAT Global, national Annual † simple indicators on

demography,
migration, economy,
environment

† complex indicator: HDI
OECD Global, national Annual † simple indicators on

demography,
migration, economics,
environment

European, National
EUROSTAT National (macro-

level)
Annual [numbers, counts, share of]

† demography,
migration, economy,
environment

Urban Audit (I, II) Cities (macro-level),
EU25:

† larger urban zone
† core city
† sub-city districts

Annual (1991, 1996,
1998, 1996, 2001,
1996, 1998, 1996,
2003, 1996, 1998,
1996, 2001, 1996,
1998, 1996, 2004)

[numbers, counts, share of]
† demography,

migration, ecomomy,
perception

Municipal
Sustainable Seattle

initiative
City, administrative

units
(district level)

1993, 1995, 1998,
2004

† demography,
migration, economy,
environment

IGNIS (GIS-based
sustainability
information
system)

City, administrative
units

(district level)

Planned annually
(1999–2003)

† simple indicators on
urban development

† complex indicators
† time series, trends
† target functions
† simple indicators on

urban development
Leipzig Municipal

District catalogue
City, administrative

units
(district level)

Annual † simple indicators
† time series, trends

FKS (Warning and
controlling
system)

National, city
(macro level)

Unclear

IRB (Inner-city
Observation
System)

† inner city (core
city-outer city)

† inner city II (core
city-outer city-city
edge)

† city (core city . . .
urban periphery)

† urban region (core
city . . . urban
periphery-
commuters zone)

Unclear issues of planned indicator
set:

† city
† housing
† mobility
† supply
† urban restructuring
† . . .

(Continued)
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. sub-city district (SCD), which is a subdivision of the city according to strict criteria

(5000–40,000 inhabitants in each sub-town/city district);
. selected urban areas.

The Urban Audit represents an indicator-based monitoring of (a) primary data in the

form of household surveys (perception) and (b) a kind of secondary data analysis. The

huge amount of available indicators is dedicated to the following thematic issues

(cf. Table 1): demography, social and economic aspects, civic involvement, training and edu-

cation, information-society, culture and recreation. Compared to other more conventional

monitoring programmes it has to be underscored that Urban Audit includes explicit quali-

tative and perception indicators such as the perception of integration of foreigners, how

people evaluate the housing sector of their city, the perception of safety in the city

which becomes more and more necessary since it strongly influences the choice of a

household to move.

There is, however, still a lot to be done concerning “adjustment” in terms of better

interpretation of indicators based on the subjective perception of housing qualities stem-

ming, for example, from survey results in terms of “measurable” quantitative data

(numbers, counts, share). Although the Urban Audit provides both a substantial scientific

standard of the monitoring indicators and a relatively broad thematic variety which enable

the user a systematic review of the current urban development and an intra-urban, at least

European comparison based on a score system, it remains difficult to compare and to

evaluate urban processes across Europe due to the different area and population

(density) of European cities.

Finally, when looking at the dissemination site, the communication of the results of the

reurbanization-monitoring has to be done in the form of a graphic and narrative represen-

tation of the spatial heterogeneity and variability of territorial phenomena (Haase, 2005).

The technical realization sets special requirements because of the heterogeneity of the

end-users and the disciplines they come from, the different modes of use (science,

planning, citizen and mutual decision support) and, finally, the related uncertainties of

data (inconsistence, estimated versus measured data, change over un-observed time,

weakness of prognosis models). Thanks to Geographic Information Systems (GISs),

which stores basic data and performs spatial analysis, it is possible to construct spatial

Table 1. Continued

Statistics,
Programme Spatial resolution Temp. resolution

Indicators, variables,
outcomes

Municipal
Monitoring
System Leipzig

† national, regional
† city level, district

level

2001–2005 (annual) † demography,
migration, economy,
environment

Social Atlas Leipzig
(Kabisch et al.,

1997)

Micro-scale:
† reconstruction

areas
† prefab housing

estates
† old built-up

housing estates

1997 (input data
1991–1996)

† complex indicators
† time series

1993–1996
† scientific base

Source: authors’ investigation.
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indicators that are more comprehensible to a large audience (Allen, 2001; Harts et al.,

2003; Lautso, 2003). Maps are often more accessible and understandable than tables

of data.

Urban monitoring systems primarily are based on statistics, measured data and further

on opinion polls. They are related to spatial units such as the whole city, administrative

units (local districts) or to the block level. However, GIS- and statistics-based monitoring

systems suffer from a lack of qualitative information and data. But, at the same time, nar-

ratives and qualitative information gathered from inhabitants and stakeholders bring

awareness of initial processes that later find their realization in the spatial structure of

the urban area (Caruso et al., 2005). Qualitative data could often be transferred to quan-

titative indicators only when making considerable concessions. From the quantitative

point of view, peoples’ wants and needs expressed in a narrative way often seem to be

non-transparent, ad hoc and hence irreproducible, and these characteristics undermine

their scientific credibility.

Summing up, it has to be stated that urban monitoring offers simple and advanced

approaches such as data compilation (as a kind of primary analysis) and secondary data

analysis and interpretation (Bischoff, 2005). Simple approaches often contain a large

variety of indicators and data sets, whereas advanced monitoring systems are problem-

oriented and focussed on specific issues. Even when taking into consideration the

“problem focussing” in a more strategic monitoring approach (such as the sustainability

approach, cf. Hartmuth, 2006) a functional relation between the indicators is seldom

given and cannot be taken as a pre-requisite. Moreover, most of the existing monitoring

systems also do not contain any form that assigns weights to specific indicators when

focussing a strategic objective. The following section shows which specific challenges

the observation of evidence and progress of reurbanization processes demands from moni-

toring methodologies, if reurbanization is understood as a strongly SDT-driven process.

Findings on Reurbanization—Challenges for Monitoring

Our understanding of reurbanization adheres to its qualitative socio-demographic dimen-

sion. It is closely linked to the shifting of demographic and household structures in

inner-city areas. Within the EU project “Re Urban Mobil”, there has been developed a

household-based concept that focuses on recently settled households. Out of this sample,

the predominant household types were identified. It became obvious that in all case

study areas there is a comparable set of households that comprises the driving forces of

reurbanization: young one-person households, households with children, young cohabita-

tion households and adults sharing a common flat (flatsharers). These households form the

majority of reurbanizers in all areas (66–87%). According to the findings of Re Urban

Mobil, one has to focus on the following aspects to be able to observe long-term trends

of reurbanization:

. changes in household composition structures, especially of those households that were

identified as driving forces for reurbanization;
. development of mobility and migration balance;
. changes of determinants describing the composition of the population and the social

milieu (educational and professional structure, unemployment rate, quota of social

welfare recipients, expenditure, etc.);
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. changes in economic and commercial structures [retail, small and medium-sized enter-

prise (SME) development etc.]
. development of those aspects of the residential environment that are keys to determine

housing needs and wants of reurbanizers (e.g. housing costs, facilities for children and

adolescents, accessible greenery, etc.);
. changes in the perception of the areas by both residents and local experts/stakeholders.

As shown in Table 2, similar reurbanization-sensitive patterns of demographic and house-

hold characteristics are found in most of the inner-city districts of the city of Leipzig in

eastern Germany, the most prominent example of reurbanization in the aforementioned

EU-project by comparison with the other cities under investigation: León (Spain),

Bologna (Italy) and Ljubljana (Slovenia).

Within the Re Urban Mobil project context, the compilation of suitable indicators and

reference items for four European cities to measure these issues revealed several metho-

dical and database-related problems.

At first, there are deficits of data availability: Socio-demographic and migration data are

at one’s disposal on the city level, while micro-scale data are only partly available. A lack

of household-based data in most municipal statistics is the main problem. Especially data

on the composition of households are lacking in most monitoring approaches or systems.

Since household composition has been identified as the most relevant reference base for

reurbanization processes (Buzar et al., 2005, p. 428–429), and as percentage changes in

household composition structures (and/or the development of shares of “new” house-

holds) form a key indicator for determining reurbanization progresses, there is a mismatch

between data needs and supply that should not be ignored at this stage.

Secondly, perception indicators are recently becoming more and more important to

measure in terms of evaluating the attractiveness of residential locations. They are included

in European-wide monitoring systems such as Urban Audit (OOPEC, 2004). They take

evidence from questionnaire surveys among residents or expert panels (e.g. Leipzig munici-

pal surveys being compiled since 1991). To set soft and perception-based data on an equal

footing with statistical data would challenge hitherto approaches to defining “measurable”

indicators. This would imply a fundamental turn in monitoring conceptions. However, the

results of the Re Urban Mobil research project provided considerable evidence for this. It

has to be underscored that they are (more than data on unemployment rate, crime or

migration, for example) key to an understanding of how much perceived residential qual-

ities and drawbacks impact on household changes in terms of migration decisions.

In terms of qualitative data, their creation and accessibility the authors see a serious

problem for applying such complex monitoring designs. Ideal would be a series

of expert interviews or panels and another series of face-to-face interviews in order to

shed light on the perception side of reurbanizers. In a first and preliminary test carried

out in Leipzig, we used the answer spectra of a regular residents’ survey (in German:

the Bürgerumfrage) to operationalize expressions of well-being and confidence in local

neighbourhoods. In general, it is possible to carry out an investigation of well-being

und confidence in local neighbourhoods within the framework of regular residents’

surveys, using time series analysis in order to get a long-term ‘picture’ of the perceptions

of residents. Restrictions on the interpretation of these data are presented due to the fact

that conventional residents’ surveys are normally not transacted as longitudinal studies

using a stable panel of residents.

Guidelines for the “Perfect Inner City” 1085

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
i
n
f
o
r
m
a
 
i
n
t
e
r
n
a
l
 
u
s
e
r
s
]
 
A
t
:
 
0
9
:
1
4
 
2
0
 
O
c
t
o
b
e
r
 
2
0
0
8

148



Table 2. Socio-demographic data for selected inner-city areas in Leipzig for 2003: deviation from the city mean-value and total value/share

District
Mean
age

Persons aged ,40
years

Youth rate
(%)

Elderly rate
(%)

Rate of foreigners
(%)

Household
size

Migration
balance

Neustadt-Neuschönefeld 25.6 5755 þ1.6 29.9 þ9.6 20.2 233
37.3 60% 15.2 16.5 14.8 1.7

Altlindenau 25.8 7927 þ2.8 210.1 þ2.2 20.2 564
37.1 61% 16.4 16.3 7.4 1.7

Anger-Crottendorf 23.7 5463 þ3.7 24.9 þ1.0 20.1 179
39.2 56% 17.2 21.6 6.3 1.8

Gohlis-Süd 24.3 8385 þ2.4 28.4 þ2.9 20.1 200
38.6 57% 15.9 18.0 8.1 1.8

Lindenau 25.6 3605 þ0.1 29.3 þ4.8 20.3 229
37.3 63% 13.7 17.1 10.0 1.6

Plagwitz 22.1 5862 21.7 23.6 þ1.4 20.3 633
40.8 56% 11.9 22.8 6.6 1.6

Reudnitz-Thonberg 24.0 10543 þ1.1 25.9 þ2.1 20.2 269
38.9 58% 14.7 20.5 7.3 1.7

Schleußig 26.8 6914 þ4.4 212.8 21.0 0 301
36.1 64% 18.0 13.6 4.3 1.9

Südvorstadt 24.9 13233 20.3 27.2 20.6 20.2 573
38.0 62% 13.2 19.2 4.6 1.7

Volkmarsdorf 24.8 4686 þ2.6 29.2 þ8.1 20.2 227
38.1 56% 16.1 17.2 13.3 1.7

Note: Text in italic typeface: deviance in comparison to the mean value of the City of Leipzig.

Source: Haase et al. (2005c).
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The common prerequisites for an urban monitoring are to define, explicitly: goal, scope,

grain, spatial scale and the components of the urban system being monitored. As the paper

focuses on the applicability of monitoring approaches for urban processes not only at a

general level but also considering a specific development trend, i.e. reurbanization ten-

dencies, the reflections made earlier have to be broken down to. In other words: There

is a wide-ranging variety of existing approaches and systems of urban monitoring

which have specific methodological profiles and priorities. With respect to the specific

content of a qualitative reurbanization, the question arises: In what way and to what

extent are these approaches applicable for a reliable monitoring of reurbanization in

terms of both its qualitative, demographics-related character and its micro-scale (i.e. dis-

trict-based) mode of action?

It is first and foremost the following characteristics of reurbanization processes that

challenge hitherto existing monitoring approaches:

. its close relation to households since household-based statistical data are insufficiently

provided by most municipal statistics;
. its dependence on district characteristics and local institutional and housing market set-

tings (reurbanization occurs in several directions and fields such as changes of function,

the physical state, the social, ethnic and demographic composition of inner-city residen-

tial areas);
. its connection to housing preferences and mobility decisions of households i.e. residents

that are needed to fully understand demographic and social shifting in the areas and

which are to be gathered only by surveys or expert panels;
. its application or use as a planning strategy with a normative impetus and thus an object

of planners’ decision-making processes.

The existing urban monitoring approaches and tools are not sufficient to meet these chal-

lenges [cf. also Bischoff (2005) who provides a detailed analysis of the applicability of

local monitoring approaches for reurbanization processes in the City of Leipzig in

eastern Germany]. Particularly, the following fundamental deficits become obvious: Exist-

ing (practically oriented) systems of urban monitoring are mostly reduced to a simple

statistical description of single indicators and simple indices and finally to a far-reaching

static quantification of the changes in major impacts of urban development. They include

neither a deeper explanatory analysis of interdependencies between relevant factors of

urban development nor an analysis of the effects of administrative measures upon urban

development. However, as the authors will argue later on in more detail, these reports

can be used as a data base for a deeper and more differentiated analysis of quantitative

aspects of reurbanization processes.

In contrast to simple operational monitoring systems, advanced approaches—developed

mostly in scientific contexts—are more theoretically based since they comprise new

instrumental ingredients. These are, for example, related on the one hand to administrative

measures and actions (operative monitoring) and on the other hand to concrete adminis-

trative objectives of urban development (strategic monitoring, cf. Siedentop &

Wiechmann, 2004; Ringel et al., 2004). In the aforementioned survey analysis of monitor-

ing concepts, these conceptual approaches were designated as “strategy-driven monitoring

concepts”. They allow a better understanding and a more effective monitoring of urban

development as a complex unit of objective impacts and changes as well as subjective
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actions and goals. In this way such new and advanced approaches of urban monitoring

offer a better starting point for a reliable approach to monitoring reurbanization processes.

In comparison to the concept of reurbanization introduced here, it is otherwise clear that

these approaches have set other theoretical priorities and assumptions and focussed

primarily on interdependencies between structural and functional conditions of housing

such as linkages between infrastructures, urban physique, housing market and labour

market (cf. Ringel et al., 2004).

By way of conclusion, the question arises—how can complex processes such as

evidence and progress of reurbanization be made the subject of a monitoring tool? The

following section will on the one hand present and explain the set of core indicators.

On the other hand, it discusses on that basis further challenges of improvement of moni-

toring tools for more complex processes of urban change.

Monitoring, however, is a powerful tool to follow urban development but it is far from

being the only way to understand urban processes, dynamics and change. This view would

not meet the complexity of the urban context. The suggested monitoring design and the

respective indicator set are worthy to serve as a starting point for detecting reurbanization

in parts of the city from the demographic point of view. It further will serve in a second

phase for proving evidence of a longer stability of once recognized reurbanization

trends and facilitate comparison.

Tool Development: An Indicator Set for Reurbanization

Reurbanization Indicators

Due to the temporal complexity of the underlying processes, the design to monitor reur-

banization presented here comprises on the one hand the initial and more quantitative

step of “recognition of reurbanization”, which is in the centre of this paper. On the

other hand, the design focuses on the investigation of the long-term stability and (real) evi-

dence of change in a more qualitative way using expert knowledge and residents’ percep-

tions (cf. Figure 1).

Using a broad range of methods, i.e. statistical data analysis, workshops, interviews and

a multi-step consultation with experts, a set of core indicators to observe reurbanization

had been compiled (cf. initial step of the design in Figure 1). Thus, the current set includes

experts’ opinions from both scientists and practitioners exemplified in four European cities

(Bologna, Leipzig, León, and Ljubljana). The indicator set represents a tool of high appli-

cability in different local and cultural contexts (based on the local settings in four different

cities in four countries) and—therefore—of low specification. It goes beyond traditional

monitoring tools by considering the reurbanization process as a theoretical foundation

and applying selected indicators to that issue. It proposes households (not individuals)

as basic agents.

The mentioned core set comprises 20 indicators (Table 3). The first four of them,

namely household size, household type, migration (balance) and age structure, represent

basic indicators that are indispensable to the identification of evidence and progress of

reurbanization. The majority, however, represents indirect indicators that depend in

their relevance on the interplay with other indicators. They offer a framework to evaluate

the characteristics and specifics of reurbanization processes measured by means of the

direct indicators.
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Table 3. Core set of indicators of reurbanization

No. Indicators Measurement/characterization

1 Households – Number of households
– Size of households
– Percentage change of the number of households
– Percentage change of the size of households

2 Household types – Number of one-person households
– Percentage change of one-person households

3 Migration (1) – Migration balance
– Rate of immigrants/foreigners

4 Age structure – Youth, elderly/dependency rate
5 Educational and professional

structures (2)
– Percentage change in educational structure
– Percentage change in professional structure

6 Employment, unemployment
and social welfare

– Change in annual growth rate of employment,
unemployment rate and share of social welfare
recipients

7 Housing costs (2) – Price per square metre for owner-occupied housing and
rental housing

– Ratio between housing costs and income
8 Tenure structure (2) – Percentage change in share of owner-occupied housing

– Percentage change in share of rental housing
(or more specific: private rental and municipal rental
housing)

– Percentage change in share of social housing (depending
on national categories)

– Percentage change in residential vacancies due to
national categories

9 Residential and commercial
vacancy (2)

– Percentage change in commercial vacancies
using categories like retail vacancies, industrial
vacancies, etc.

10 SME (2) – Annual change of the number of SMEs
11 Schools/kindergartens (3) – Number of schools and kindergartens per 1000 children

ageing from 6–18/0–6 years
– Annual percentage change of schools and

kindergartens per 1000 children ageing from
6–18/0–6 years

12 Renovated housing, newly built
and demolished housing (4)

– Percentage change of the number of dwellings in
renovated housing/newly built housing/demolished
housing

13 Accessible public greenery (5) – Area of accessible public greenery per capita in the area
(square metre per person)

– Indicator defined by time relation
– Indicator defined by convenience (not statistically

measurable)
14 Travel frequency (6) – Number of passing cars per 24 hours at the most

frequented road in the respective area
15 Air quality and noise pollution (7) – More relevant would be the “measure” the perception by

air quality or noise pollution by the residents
16 Types of land use structure (2) – Residential use, industrial/commercial use, recreation

area/greenery, traffic area, etc.

(Continued)
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In the following, the functioning of the indicators is explained by means of some

examples. The first refers to the direct indicators that include (1) number and size of house-

holds; (2) percentage change of household types; (3) migration balance; (4) youth vis-à-vis

elderly, i.e. dependency rate; (5) rate of immigrants or foreigners.

The explanatory framework for these basic indicators underscores the demographic

bedding of the reurbanization approach used in this paper: A positive migration balance

in the inner city is a sign of reurbanization, especially if the area has suffered from

population losses. If the migration balance is still negative, reurbanization might be

indicated by a growing number of households above the city-wide average. Other key

indicators for occurring reurbanization processes include: higher (or increasing) youth

Table 3. Continued

No. Indicators Measurement/characterization

17 Income and expenditure
structure of households

– Percentage change of mean expenditure per capita
– Percentage change in income structure (types, e.g.

income from work, social welfare, unemployment
benefit, etc.)

18 Municipal budget per capita (8) – Annual real (inflation adjusted) growth rate of municipal
budget per capita

– Municipal budget
– Limited in time funds

19 Local commitment (9) – Number of associations and community groups
– Percentage change of associations and community groups
– Percentage change in numbers of subjects/members

20 Perception of the development
of the area by experts and
residents (10)

– Respective data of consecutive surveys

Explanations, contingency and dependencies:
(1) Depending on general relevance of immigration in the respective city/neighbourhood
(2) Depending on national categories
(3) Depending on national categories and urban school policies
(4) Depending on national categories and general trends of urban development (growth, shrinkage,

stagnation)
(5) Definition “accessible public greenery”: The public green area which an inhabitant can reach

within 15 minutes walk without facing significant physical barriers. Explanation: The examples
of above mentioned physical barriers are: roads with heavy traffic, railways, stairs or any other
objects which can make the access to the area difficult for all people or for a specific group of
inhabitants (children, elderly, disabled). For this reason any considered green area may be
accessible for a certain group of inhabitants and simultaneously inaccessible for another group.
So the area from which the green area is accessible must be defined individually for the
particular green area. As factors for accessibility we can also consider: parks fencing and
location of entrances, entry-fees, possibility of entry on the lawn, safety aspects, etc.

(6) Depends on the location of an area to arterial or main roads; relevant only for areas affected by
such traffic

(7) Relevance of the indicator depends on the affectedness of an area by air or noise pollution
perceptions depend on local situation and impact of environmental attitudes in general

(8) Depending on function of budget in the area
(9) Depending on national/local traditions of civic involvement
(10) Relevant if perception relates to direct reurbanization indicators (see above)

Source: Haase et al. (2005b).

1090 D. Haase, A. Haase, S. Kabisch & P. Bischoff

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
i
n
f
o
r
m
a
 
i
n
t
e
r
n
a
l
 
u
s
e
r
s
]
 
A
t
:
 
0
9
:
1
4
 
2
0
 
O
c
t
o
b
e
r
 
2
0
0
8

153



rates and/or lower dependency rates; a rising number of younger and “non-traditional”

households (cf. earlier section) which is revealed through data on the household structure

(ideally in combination with the age structure of households); an influx/rising share of

families with children (as a type of household that is likely to stay in the area for more

than a short period of time; an influx of foreign migrants representing mainly young

and mid-aged households).

The contingency of relevance of the indirect indicators depends on different constella-

tions. In the following paragraph, some examples are given (cf. Table 3).

. Percentage change in tenure structure (no. 8): This indicator operates in a user-defined

test-area, city or regional context, since an absolute measure might reflect different

cultures and housing systems. A rise in owner-occupied housing and a reduction in

rental housing would usually be associated with improved economic performance.

However, at many locations we observe rather a trend towards rental housing in

core city areas (from social landlords or private landlords). There, the link between a

rise or reduction in different tenure forms and improved/declining economic performance

is less clear cut.
. The percentage change in renovated housing, newly built housing or demolished

housing (no. 12) in an inner-city area also represents a very sensitive indicator: Renova-

tion of housing stock improves the attractiveness of the residential environment of an

urban area. Renovation supports the suitability of an area to become reurbanized (sup-

ports the influx of better-off households with higher standards of residential qualities).

The same might be true for a high or rising share of newly built housing in cities. In

shrinking cities, however, the rising number of demolished (dilapidated) housing

stock can also indicate a positive development for the whole area and be favourable

for a reshaping of the residential environment. To put it differently: In the case of

urban growth, an increase in newly built housing would indicate reurbanization. In shrink-

ing cities, on the contrary, reurbanization could be indicated by either a rise in renovated

housing or a more generous shaping of the existing urban fabric (spacious housing).
. Individual traffic is the main environmental stressor in residential areas of inner cities.

Therefore, the number of passing cars per 24 hours at the most frequented road in an

inner-city area (no. 14) was included in the indicator set. A majority of cities makes

repeated censuses of traffic flow in main communications and crossroads. Therefore,

the proposed indicator is easily collectable and can be up-dated without major effort.

However, its relevance depends on the affectedness of an area/sub-area by traffic and

related pollutions. For most residential areas, this indicator operates on a very micro-

scale level (streets, blocs, crossings, etc., street side of houses, etc.).
. The perception of the development of the area by experts and residents (no. 20): Percep-

tion indicators are acquiring more and more relevance in modern monitoring systems

and tools. They report on the subjective attachment of a resident to his/her residential

environment. Being closely connected to mobility trends and the demographic and

household structure of in- and out-migrants, it reflects on the reasons for moving and

provides crucial information regarding the adjustment of urban policies in the respective

area. However, this kind of “soft” or “subjectively-based” indicator does not, to date,

count in the standard repertoire of available data for monitoring tools. It demands an

additional amount of work and manpower for carrying out and processing surveys

and expert panels.
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The set of reurbanization indicators presented here actually is limited in having proved its

validity for whole cities. According to the project design of Re Urban Mobil, the indicator

set has being trans-disciplinary created by scientific and practice expert opinions and

representative examples of field analysis in four European cities. In order to prove its val-

idity and thus applicability for a whole city, an initial statistical test of the set has been

accomplished in the following section for the eastern German city of Leipzig, where reur-

banization is obviously occurring.

Reurbanization Indicators—First Statistical Evidence from Leipzig

For the statistical analysis of the reurbanization indicators, a simple approach has been

chosen as a kind of “starting point” which is plausible for the authors in the first phase

of analysis. Using a data set of the municipal statistics for the city of Leipzig, four of

the core indispensable indicators and another additional indicator had been tested concern-

ing their relevance and dependency. The small-scale municipal statistics of the city of

Leipzig (in German “Ortsteilkatalog”) consist of contingent data for all 63 districts

of Leipzig dating from 2003 and 2004 (Stadt Leipzig, 2004). Moreover, the case

study of Leipzig serves as the most prominent reurbanization case among the investigated

cities in the Re Urban Mobil project. The following regression analysis has been done plot-

ting the first of the indispensable indicators, the household size, against other indicators of

the set for all 63 districts of Leipzig (cf. Figures 2–6).

Assuming that, in particular, smaller 1–2-person households represent the reurbanizers

(mean value for all households in Leipzig is 1.9; Stadt Leipzig, 2004), the following indis-

pensable and additional variables were plotted against youth rate (share of persons

Figure 2. Youth quota (share of persons under 40 years) compared to the household size of the 63
districts of Leipzig (data from 2003/2004; regression analysis)
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Figure 3. In-migration compared to the household size of the 63 districts of Leipzig (data from
2003/2004; regression analysis)

Figure 4. Number of persons younger than 40 years plotted against the annual immigration rate (data
from 2003/2004; regression analysis)
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younger than 40 years per district; Figure 2), annual in-migration quota (Figures 3 and 4)

and the share of households with a total income ,1000E and .3000E (Figure 6).

Testing at first the relevance of two of the indispensable indicators as dependent

variables, youth rate in Figure 2 and in-migration in Figures 3 and 4, we get a clear picture

Figure 5. Migration balance Leipzig: People moving within the city borders; high potential of these
districts (data from 2003/2004; regression analysis)

Figure 6. Total income (,1000E; .3000E) compared to the household size of the 63 districts of
Leipzig (data from 2003/2004; regression analysis)
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that districts of small households (typical for reurbanizers) belong to the “young” districts in

Leipzig with respectively high in-migration rates compared to the districts with bigger house-

holds. Reurbanizers are younger households; their mean age is considerably lower compared

to the mean age of the population of the city of Leipzig. Respectively, in the case of bigger

households we have lower in-migration rates and a comparatively elderly population

(Figures 2–4). An extremely close correlation was found between youth quota and immigra-

tion with 0.9167 (Figure 4).

Due to the fact that urban migration is always influenced by both city-internal and

regional migration Figure 5 gives an idea of the total migration balance of the city of

Leipzig. As already identified in Figures 3 and 4, in-migration is an indispensable indicator

but, as Figure 5 argues, not specific enough to separate reurbanization from non-reurbani-

zation districts. In the case of reurbanization in Leipzig, in-migration mainly results from

migrants from the rest of the city rather than from regional or intra-urban migration

(Figure 5). The ratio of total migration per in-migration per district (migtotal/miginnercity)

somehow specifies the indicator “migration” as being relevant as a reurbanization indi-

cator. It should be added to the core set which was presented in an earlier section.

Finally, one of the additional reurbanization indicators, the total income, had been

ranked again against the independent indicator of the household size (Figure 6). What

we see is that in districts with small household sizes and high in-migration, there is a con-

siderably high share of low-budget households (with an income , 1000E) but at the same

time a certain percentage of better-off households (with an income . 3000E, cf. Figure 6).

This proves that reurbanization is—according to our presumptions—driven by a socially

mixed population. The distribution curves of both higher and lower income groups meet at

a household size of 2.0 at the x-axis, the already mentioned mean value for Leipzig.

As already mentioned in earlier sections, a second focus of the design follows the inves-

tigation of the long-term stability and evidence of change in a qualitative form using expert

knowledge and residents’ perceptions (cf. again Figure 1). This qualitative analysis will be

accompanied by a discussion of statistical times series, a repetition of a detailed household

survey and an interview phase. First ideas on stability and long-term meaning of the ident-

ified indicators to recognize reurbanization have been gained in the survey 2004: Resident

households, among them explicitly reurbanizers and long-established households had been

asked concerning their intention to move (or move again). Compared to the long-estab-

lished households, each third household among the recently in-migrated (young families,

single-parent families and young singles) already plans to move. In opposition to this

general trend, flat-sharer households have been found to be less mobile with an intention

of moving within the near future below average (of the total number of reurbanizers). The

authors see reasons therefore in the good accessibility to the city centre, the university and

comparatively low rents. In conclusion, old-built up areas, where reurbanization had been

investigated in the case of Leipzig, serve as “transitory areas” for relatively mobile, young

and low-income households (cf. Haase, A., et al., 2006).

Implications for Monitoring Networks

The first statistical analysis to test the reurbanization indicator set for Leipzig shows a

good accordance among the four indispensable demographic indicators of the set. The

analysis gives an idea that those indicators could be utilized to identify (potential)

reurbanization areas. The outlined ranking according to one of the indispensable indicators

Guidelines for the “Perfect Inner City” 1095

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
i
n
f
o
r
m
a
 
i
n
t
e
r
n
a
l
 
u
s
e
r
s
]
 
A
t
:
 
0
9
:
1
4
 
2
0
 
O
c
t
o
b
e
r
 
2
0
0
8

158



(household size) permits one to establish an order of the urban districts and to put the indis-

pensable and additional indicators in direct relationship to one another.

An implication for the amplification and adoption of existing monitoring approaches is

that two demographic core indicators, youth rate and in-migration, are in good accordance

with the theoretical and empirical pre-assumptions of the indicator set. Moreover, the indi-

cator “income” as a non-indispensable indicator proves that also a non-demographic vari-

able contributes to the more differentiated explanation of reurbanization in terms of where

it occurs and who might be able to afford it. Moreover, the statistical analysis gave an idea

that the current set of reurbanization indicators, in particular the migration indicator, is still

in need of being added and/or specified.

Although the spatial grain of the district scale (where the analysis has been carried out)

is compared to the urban heterogeneity relatively rough and mean values often do not

reflect the heterogeneity of the districts, the statistical test gave first evidence on the val-

idity of the reurbanization indicators at district level. Here, the municipal statistics could

start to redefine their own annual indicator matrix. More inner district heterogeneities

which have been proved by Haase, D. et al. (2006) afford a more detailed statistical

data set to apply the same set of reurbanization indicators at, for example, block or

housing estate level.

Conclusion

In this paper, we have analysed the demands and prerequisites for a monitoring of inner-city

reurbanization processes. We contrasted the complex reality of reurbanization as a house-

hold-related inner-urban change with the body of hitherto existing approaches and ideas of

urban monitoring. There is still missing an urban monitoring approach to detect reurbani-

zation in terms of both the qualitative and the quantitative. Starting from a number of new

requirements that reurbanization sets up for a long-term observation of inner-city reurba-

nization, we introduced a set of indicators with demographic focus that were based not

only on sizeable but also on qualitative information. We presented a design to study and

monitor reurbanization processes in the initial (more quantitative) recognition state,

which has been the focus of this paper. There is envisaged a further test and refinement

of the indicators and in particular their operationalization. For the city of Leipzig, the

evidence of the indicators was tested by means of small-scale municipal data for all

urban districts. Cross-referencing our findings, the following conclusions can be made.

First, it became clear through evidence that previous monitoring approaches did not

fully apply for reurbanization as a complex development. This complexity is especially

evident because of the close interplay of reurbanization with demographic and household

shifts and the related altering housing preferences that need to be considered.

Second, according to these aforementioned specifics, the indicator set is based on demo-

graphic indicators. It further incorporates additional ones to monitor a more complete

picture of what is reurbanization. In particular, the approach presented here meets the spe-

cifics of reurbanization in a primarily qualitative demographic understanding.

Third, for the first example of Leipzig, the baseline indicators and the whole set,

represented by some examples, passed the test and confirmed the assumptions made

previously for reurbanization-sensitiveness of inner-city districts in Leipzig.

Fourth, hitherto results demand further application for other local contexts, a feedback

discussion of the indicator set by using newly-gained knowledge from the statistical tests
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and, in addition, an enlargement of the tests in terms of further indicators, rankings and

cross-comparison of dependent indicators.

The monitoring design is predominantly understood to serve as an academic instrument

for scientific cooperation. It further supports scientist-stakeholder communication.

Observed from a more operational angle, the indicator set can be incorporated into differ-

ent existing (monitoring) instruments and thus serve as a completion tool for specifically

recognizing reurbanization processes. For the case of Leipzig, the monitoring design and

indicator set presented here represent, without a doubt, a qualitative enhancement of the

existing residents’ survey (“Bürgerumfrage”), as well as the annual monitoring pro-

grammes (Stadt Leipzig, 2003, e.g. for the residential market the questionnaire-based

expert-panel “Wohnungsmarktbarometer”). For the latter, the new indicator set offers

precise characteristics and distribution of residents who relocate. At a more scientific

stage, it is planned to include reurbanization into a web-based observation system for

urban sustainability (IGNIS; Hartmuth et al., 2006) or into already existing web-presenta-

tions of cities (e.g. City of Bologna; http://www.comune.bologna.it/iperbole/piancont/).
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Abstract

After a decade of tremendous population loss indicating severe decline, some large 
east German cities have been displaying signs of reurbanisation since the late 1990s. 
Using the city of Leipzig as an example, this paper identifies the major characteristics, 
progress and underlying spatio-temporal dynamics of reurbanisation, and examines 
whether it is a long-term process of urban living or features only short-term tendencies. 
Socio-demographic indicators are used to observe the development of inner-city 
districts. At the spatial scale of municipal districts, time-series data are analysed for 
the years 1993 to 2005. The paper argues that reurbanisation has occurred primarily 
in inner-city districts and has progressed considerably since the early 1990s. However, 
the spatio-temporal distribution of the relevant indicators shows that reurbanisation 
is far from being a homogeneous process. In light of this, the paper presents a ring of 
reurbanisation-sensitive municipal districts around the city centre.

Germany were shrinking: in only 10 years, they 
experienced a loss of more than 15 per cent of 
their inhabitants. Larger cities in particular, 
such as Leipzig, Dresden and Halle, lost 10–20 
per cent of their population between 1989 
and 1998. At present, east Germany forms a 
‘pole of shrinkage’ together with other post-
socialist countries of eastern Europe (Turok 
and Mykhnenko, 2007, pp. 168–170; D. Haase 
et al., 2008b, pp. 331–335).

1. Introduction

Since the beginning of the post-socialist 
transition in 1989, east German cities have 
been affected by dramatic processes of popula-
tion loss, mainly due to emigration to western 
Germany, suburbanisation, a fall in birth rates 
to record low levels (Kohler et al., 2002) and 
subsequent ageing processes. At the end of 
the 1990s, almost all cities and towns in east 
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Since 2000, however, a reversal of trends has 
been observed. Some cities and bigger towns 
are no longer experiencing a loss in their 
population, but are regaining inhabitants. 
Positive migration balances are mainly based 
on intraregional in-migration (from east 
German regions) and a considerable decline 
in out-migration. People are increasingly 
opting to stay in the city, while suburbanisa-
tion processes, artificially promoted by sub-
sidies during the 1990s, have almost stopped 
(Herfert, 2007). In this vein, a discourse about 
a ‘comeback’ of urban living—i.e. reurbanisa-
tion—as a future scenario for a number of 
major cities in eastern Germany has evolved 
(Herfert, 2007; A. Haase et al., 2005a, pp. 
83–85; D. Haase et al., 2008a; Köppen, 2005).

Reurbanisation is also currently being 
discussed in the UK and other European 
countries (Buzar et al., 2007; Colomb, 2007) 
and in the US (Cheshire, 2006). However, 
the east German case shows an ‘atypical’ or 
somehow ‘specific’ pattern, insofar as it refers 
to shrinking cities and, even more, parts of 
entire landscapes. It has become an issue of 
scientific and planning debate against the 
background of the achievement of sustain-
able urban development with respect to 
declining population numbers, underuse of 
urban infrastructure and the endangerment 
of the functionality and the habitable factor 
of the cities.

To be able to draw reliable conclusions 
about both current and future trends of 
urban stabilisation, reurbanisation needs to 
be analysed in more detail concerning its 
major characteristics, progress and resulting 
socio-spatial dynamics. First and foremost, it 
has to be determined whether reurbanisation 
represents a long-term trend of inner-city 
stabilisation in eastern Germany or features 
only short-term tendencies.

Objectives and Structure

Using the example of the city of Leipzig, this 
paper identifies the major characteristics, 

progress and underlying spatio-temporal 
dynamics of reurbanisation, and examines 
whether it is a long-term process of urban 
living or merely a short-term aspect. The 
research draws on the statistical findings of a 
spatio-temporal analysis of municipal time-
series data from 1993 to 2005 for Leipzig’s 63 
municipal districts. As a base, we used a number 
of socio-demographic indicators chosen from 
a set assembled for the observation of inner-
city reurbanisation processes by an interna-
tional consortium (see details in D. Haase
et al., 2008a). The indicator set was developed 
by scientists and practitioners within the 
completed EU Fifth Framework Programme 
research project “Mobilising reurbanisation 
under conditions of demographic change” 
(A. Haase et al., 2005a; www.re-urban.com). 
With the help of the analysis, we also test the 
appropriateness of the selected indicators.

The paper is organised as follows. The first of 
the following parts (sections 2 and 3) expands 
on some conceptual considerations regarding 
the reurbanisation debate and recent reur-
banisation processes in east German cities. 
The second part (end of section 3) sets up five 
hypotheses. The third (section 4) presents the 
methodological design—i.e. the indicators 
used and the organisation of the statistical 
analysis. Section 5 reports the major results 
from the study, and, in Section 6, there is 
a comprehensive discussion of the results. 
In section, 7, finally, conclusions are drawn 
in terms of summarising and assessing the 
hypothetical assumptions made at the outset.

2. Theorising Reurbanisation: The 
Debate and the East German Case

The Debate

The term ‘reurbanisation’ did not simply 
materialise within the recent debate on urban 
resurgence in Europe (see for this debate, 
Urban Studies 43(8); Buzar et al., 2007; 
A. Haase et al., 2006). It has a more than 
30-year history, whereas the discussion on 
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resurgence—other scholars speak about 
‘urban renaissance’ (Helbrecht, 1996), 
‘rebirth’ or a ‘comeback’ of cities (Storper and 
Manville, 2006, p. 1247)—is rather a phenom-
enon from the past decade. Reurbanisation is 
defined “against a context of previous decline”, 
but at the same time “it is distinguished from 
simple growth as such” (Cheshire, 2006, 
p. 1232); moreover, reurbanisation has been 
used in many contexts and with many differ-
ent connotations: as recentralisation and (re)
concentration (Klaassen and Scimeni, 1981; 
Berg et al., 1982; Cheshire, 1995; Herfert, 2002 
and 2007), a return of the inhabitants from 
the surrounding areas (Hesse and Schmitz, 
1998, p. 436), resettlement of the inner city 
(Lever, 1993; Ogden and Hall, 2000; Burton, 
2003), revitalisation in the cultural sense 
(Seo, 2002), determined by economic devel-
opments (Priemus, 2003; Hutton, 2004) or 
gentrification (Bromley et al., 2007; Colomb, 
2007, pp. 13-17).

Generally, it has been the subject of inter-
national discussion since the 1970s (see, for 
example, comprehensive overviews in Buzar 
et al., 2007; A. Haase et al., 2006; Lever, 
1993; Berg et al., 1982, who introduced a 
four-stage urban cyclic model of urbanisa-
tion, suburbanisation, desurbanisation and 
reurbanisation). It is closely connected with, 
but not identical to, other notions of urban 
change such as regeneration and revitalisa-
tion. Despite these theoretical foundations, 
the reurbanisation debate has been facing a 
fundamental problem: there is neither a uni-
fied nor an undivided understanding of the 
concept. It has been used in a variety of ways, 
as already mentioned.

Today, in spite of these conceptual and 
terminological ‘pitfalls’, there is an increasing 
amount of evidence regarding inner-city reur-
banisation in Europe (Lever, 1993; Cheshire, 
1995; Ogden and Hall, 2000; Seo, 2002), also 
in terms of comparable and cross-national 
research (Priemus, 2003; Bromley et al., 2007; 
Buzar et al., 2007; sceptical: Champion, 2001, 

p. 154, 158). The focus is increasingly on the 
interplay of urban and socio-demographic 
change in the inner city. Such change mainly 
involves general socioeconomic processes 
like the development of the service sector, the 
rise in female employment, the prolongation 
of the education carriers and labour mobil-
ity. These changes are leading to long-term 
changes in household structure: households 
are becoming smaller, living arrangements 
more diverse and less stable and the number 
of households formed by a person in his/her 
lifetime is increasing.

The fact that some of the key characteris-
tics of reurbanisation such as ‘new residents’, 
‘liveable inner city’, ‘rising attractiveness’ or 
‘sustainable, socially mixed neighbourhoods’ 
are terms familiar to those dealing with the 
gentrification and ‘urban renaissance’ debate 
(Colomb, 2007, p. 13) has led to some criti-
cism from the perspective of gentrification 
research. One of the main arguments refers 
to the deliberate use of the term reurbanisa-
tion so as to avoid the term gentrification 
in order to remove the social or class issue 
from the urban ‘renaissance’ discourse (van 
Criekingen, 2007; Colomb, 2007). The crit-
ics further maintain that the reurbanisation 
approach underlines the demographic char-
acter of urban change in order to strip the 
process of its social or class character. Due 
to the neo-liberal logic of revitalisation or 
regeneration policies, displacement is retitled 
as replacement or (re)population (Slater, 
2008, pp. 214–215).

Given this background, we do not share this 
view. According to our research, we adhere to 
the opinion that the concepts of reurbanisa-
tion and gentrification depict qualitatively 
distinctive processes. In our understanding, 
reurbanisation refers to a much wider range 
of socio-spatial dynamics compared with 
gentrification, since its main purpose is to 
capture the rising overall ‘habitable factor’ 
and sustainable use of compact inner-city 
areas by different groups of residents. Its 
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focus is clearly on the household dimension 
because reurbanisation processes are driven 
by households representing a variety of social, 
lifestyle and income groups. In conceptual 
terms, gentrification is focused on the politics 
of selective urban upgrading in terms of the 
physical, social and symbolic residential envi-
ronment which is driven by selective groups 
from certain social, professional and income 
backgrounds and takes into account displace-
ment (Butler et al., 2008; Hamnett, 2003). 
It should not be equated with the broader, 
multidirectional process of reurbanisation, 
which takes place over the entire inner city 
and is principally indicated by increasing in-
migration and/or decreasing out-migration 
rates after a relatively long phase of decline 
(Buzar et al., 2007). Indeed, despite many 
overlaps, the two concepts do not directly 
compete with each other because of their 
different subjects of interest.

Focusing on residential changes within the 
inner city, reurbanisation analyses the nexus 
between the development of the urban space 
and its shifting demographics. These interre-
lations between shifting household patterns, 
related housing needs and preferences and the 
change of the inner city have been hitherto 
underresearched (see Lee et al., 2003; Buzar 
et al., 2005; A. Haase et al., 2006). In the con-
ceptualisation of reurbanisation in this paper, 
they represent, however, the crucial factor for 
understanding urban change. Reurbanisation, 
in a more detailed way, is defined as follows. 
At the total city scale (that is not the focus of 
this paper), it is a process of absolute or rela-
tive population gain of the city in comparison 
with its suburban regions. At the mesoscale 
or district level (which we are investigating 
here), we understand it as

a process of populating and diversifying 
the inner city with a variety of residential 
groups of different ages and socioeconomic 
backgrounds (Buzar et al., 2007, p. 652; see 
also A. Haase et al., 2006, pp. 169–170).

In this conceptualisation, reurbanisation is 
closely related to changing patterns of living 
and housing arrangements. Traditional con-
cepts, like that of the family, decrease in their 
significance whilst there is, simultaneously, 
an increase in the diversification of lifestyles 
and within-household economies (Buzar
et al., 2005). Subsequently, the demand side 
of inner-city living has changed. It is not only 
the so-called non-traditional household types 
like singles, cohabiting (childless) couples and 
flat-sharers who opt to live close to the centre, 
but also families (Karsten, 2003). Advantages 
of inner-city areas, like the specific hous-
ing available, the good location and diverse 
amenities, are becoming increasingly attrac-
tive for a wide range of population groups, 
living arrangements and lifestyles.

The East German Case

At this point, the east German case has 
come into the international debate. Both 
the post-socialist transition and its German 
specifics are necessary to understand east 
German urban development after 1989. To 
expand on its course, institutional context 
and consequences are far beyond the scope 
of this paper. Therefore, the following section 
attempts to make a long story short (Kabisch 
et al., 1997; Harth et al., 1998; Herfert, 2002; 
Häußermann and Neef, 1996). After the phase 
of restructuring institutional, juridical and 
financial framework conditions, which were 
also characterised by fundamental demo-
graphic changes (massive population losses 
and a reduction in fertility), east German 
development has seen new dynamics since 
the mid 1990s.

The impact of property change resulting 
from restitution and an abatement of debts 
for former GDR housing companies was 
increasing, but had not yet led to a softening 
of the housing markets from the demand 
side. Simultaneously, suburbanisation spread, 
mainly due to fiscal subsidies, and represented 
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the predominant pattern of east German 
spatial development from 1993/94 to 1997. 
The theory of a ‘catch-up suburbanisation’ has 
to be clearly rejected for the east German case 
due to specific starting-point conditions and 
political frameworks that differ from those in 
western Europe and western Germany (Ott, 
2001). The main reason for suburbanisation 
was the unattractiveness of the cities (because 
of dilapidation, lack of amenities, unclear 
ownership structures, etc.) and not the 
attractiveness of suburbia. Processes covering 
those relating to suburbanisation have been 
summarised under the terms ‘urban sprawl’ 
(Nuissl and Rink, 2005) and ‘deconcentration’ 
(according to a very similar development of 
Erfurt, which is the capital of the new federal 
state of Thuringia; Ott, 2001).

In the cases of Leipzig and other east German 
cities, the short-term suburbanisation boom 
soon lost its significance after reaching its peak 
at the end of 1996 (Herfert, 2002; Nuissl and 
Rink, 2005; Municipality of Erfurt, 2007).

In the period from 2000 to 2006, the pro-
portion of shrinking municipalities increased, 
in particular by up to 85 per cent (Herfert, 
2007). As a result, most east German cities 
suffered from a structural housing vacancy at 
a significant level. The rise of housing costs 
in the inner city slowed down and this proc-
ess contributed to a trend reversal that has 
been observed over recent years. Since 2000, 
a number of east German cities have been 
stabilising despite further regional shrinkage. 
(Re)concentration processes are occurring in 
the form of both a selective in-migration and 
a simultaneous decrease in out-migration 
rather than a return to the core cities of the 
people who had moved to their suburban 
fringe. There are signs of spatial polarisation 
in east Germany: reurbanising cities are form-
ing ‘islands of growth’ in shrinking landscapes 
and transitory zones which are showing mod-
erate to smooth shrinkage processes (Herfert, 
2007, p. 439).

3. Reurbanisation in the  
City of Leipzig

Leipzig between Shrinkage and 
Resurgence

Leipzig is a case that highlights the east 
German story of shrinkage and urban come-
back. Dating back to the late 1960s, the city 
had experienced a continuous loss of its popu-
lation, which underwent an acceleration and 
a structural turnaround with the onset of the 
post-socialist transition in 1989. Within just 
a few years (1989–98), the city had lost about 
100 000 inhabitants due to out-migration to 
western Germany and (strongly subsidised 
and thus ‘artificially’ enforced) suburbanisa-
tion. The population decreased from 530 000 
in 1989 to 437 000 in 1998 (see Figure 1). 
For this reason, Leipzig belongs to the group 
of larger cities in eastern Germany with 
some of the highest population losses of all. 
Simultaneously, the labour force in industry 
declined from 100 000 in 1989 to 15 000 in 
late 1994 (Doehler and Rink, 1996, p. 267).

Population losses brought about changes 
in the residential structure that involved a 
decrease in birth rates and ageing, and an 
increase in residential vacancies; this phe-
nomenon was brought into the spotlight as 
a general east German challenge in the year 
2000 when, at that time, there were over 1 
million vacant flats. In Leipzig, the maximum 
vacancy rate was achieved in early 2000 with 
62 500 vacant flats (20 per cent of the total 
stock). In late 2005, vacancies amounted to 
45 000 flats (14 per cent of the total stock; 
Municipality of Leipzig, 2006, pp. 12–13). 
This decrease was due to demolition (see next 
section), a further rise in household numbers 
and a stabilisation of the population. Still, 
housing vacancies mostly affected the older 
housing stock (pre-1914 or Wilhelminian 
style with 18 per cent and 1919–45 hous-
ing stock with 19 per cent; Municipality of 
Leipzig, 2006, p. 13). Compared with the mid 
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1990s, however, and due to the clarification 
of building property rights, the old built-up 
areas experienced increasing processes of 
renovation and a new influx of residents 
after a decade of severe decline (Kabisch
et al., 1997; A. Haase et al., 2005b, pp. 83–84). 
Subsequently, vacancy rates began to decrease 
while starting to rise in large socialist-era 
housing estates. The share of such estates 
in the housing vacancy rates (15 per cent in 

2002; 13 per cent in 2005) is only balancing 
out due to demolition. Thus, vacancies will 
still be a problem in the future, even if present 
household numbers continue to rise until 
2012 (Municipality of Leipzig, 2007a).

Household numbers are not sufficient 
to fill the large stock of vacant dwellings. 
Additionally, the supply of flats is not equal 
to their demand because of the rising number 
of one-person households searching for 
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Figure 1.  Changes in natural population growth, migration balance and total population 
balance (above) and population density (below) in Leipzig since 1990. 
Source: Municipal agency for statistics and elections.
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smaller flats. One-person households already 
accounted for more than 50 per cent of all 
households in Leipzig in 2005. Illustrating 
this, Figure 2 shows the development of the 
mean household size and the total number of 
households in Leipzig since 1995.

In consequence, the further demolition of 
surplus housing stock is planned. The spatial 
distribution of vacant housing stock is highly 
selective and unequal. While some (attrac-
tive) residential areas are quite ‘filled up’, 
less attractive areas show vacancy rates of 30 
per cent and more (Municipality of Leipzig, 
2004). Demolition produces new spatial pat-
terns such as urban structures with decreas-
ing house density, demolished sites along the 
urban periphery, demolition corridors within 
a city and ‘housing islands’. For the latter, the 
term ‘perforation’ was introduced by Leipzig 
urban planners in 2001 (Lütke-Daldrup, 
2001) and is still being discussed (D. Haase 
et al., 2008b, pp. 337–339).

In 1999, administrative reforms ‘brought 
back’ a number of the previous suburban 

out-migrants within the boundaries of the 
city. Furthermore, and relevant to our topic, 
in-migration gains from adjacent and other 
east German regions have led to an increase 
in the population of 17 046 since 1999. By 
2006, Leipzig’s number of inhabitants stood 
at 506 578 (Municipality of Leipzig, 2007b, 
p. 19) and is expected to grow further to 
540 000 inhabitants within the next 20 years 
(Municipality of Leipzig, 2007b, p.16). In 
addition, the suburban areas started losing 
their population (Herfert, 2002). According to 
the urban cyclical model of Berg et al. (1982), 
Leipzig has entered the phase of reurbanisa-
tion. In the inner city, the old built-up areas 
are most affected thereby, since from 2000 
to 2005 88 per cent of all in-migrants have 
moved to these areas.

At the same time, out-migration from 
the city has almost stopped: reurbanisa-
tion, in this sense, refers also to a rising 
city-mindedness or willingness of people 
to stay in the city (A. Haase et al., 2006,
pp. 176–177). Reurbanisation is sustained 
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Figure 2.  The opposing trends in household size and household numbers in Leipzig 
since 1995. 
Source: Municipal agency for statistics and elections.
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mainly by younger age groups including 
students, apprentices and young profession-
als (aged 18–35). This also reflects positive 
trends in the local labour market where, in 
2006, the number of employees liable for 
social insurance rose for the first time since 
1990 (Municipality of Leipzig, 2007b, p. 105). 
However, the trends of reurbanisation and 
their long-term stability are yet to be proved. 
At this particular point, the present paper 
provides empirical evidence.

It can therefore be said that Leipzig is 
well suited as a case study for investigating 
reurbanisation processes because, first, it 
represents a typical case of a European city 
faced with an influx of people after a period 
of strong decline. Secondly, Leipzig’s popu-
lation is large enough that reurbanisation 
processes can be observed at the municipal-
district level. Thirdly, the data availability 
at the municipal-district level enables us to 
draw on serial data at a local level for the 
years 1993 to 2005. Fourthly, there are ques-
tionnaire survey data available for selected 
districts of Leipzig (see A. Haase et al., 
2006; Buzar et al., 2007). This survey was 
conducted by, among others, members of the 
authors’ team and was used for discussing 
the results of our statistical analysis in the 
discussion section.

In this paper, we cannot establish whether 
reurbanisation in Leipzig can be explained 
best by rent gaps (Smith, 1987, 1996) or shifts 
in urban social classes or milieus (Hamnett, 
1991, 2003; Ley, 1987, 1994) as discussed by 
gentrification scholars (see earlier). However, 
we underline that both factors—rent levels 
and socio-demographic changes—play a role 
in the Leipzig case in a specific way. Inner-city 
old built-up areas in the process of renova-
tion and recovering from decline and mass 
vacancies offer centrally located, acceptable 
standard housing for moderate rents and a 
residential environment that is attractive for 
a diversifying group of users.

Five Hypotheses

In order to analyse the major characteristics, 
progress and underlying spatio-temporal 
dynamics of reurbanisation in Leipzig, we set 
up the following five hypotheses.

Hypothesis 1: Reurbanisation is driven 
by small households of ≤ 2 persons. As 
mentioned earlier, households have become 
smaller and the numbers of small households 
has been increasing despite falling popula-
tion sizes. Results of a study conducted by 
Ogden and Hall (2000, p. 386) underline the 
fact that reurbanisation is driven by changes 
to household structures, particularly by an 
increase in small and the smallest (one-
person) households.

Hypothesis 2: Recent in-migrants to the 
inner city are younger than long-term 
residents. Younger professionals and stu-
dents in particular (‘starter households’) are 
attracted by relatively low levels of rent, easy 
accessibility of public transport and commer-
cial and cultural amenities within the inner 
city. Their priority housing preferences relate 
to the proximity of their housing location to 
the city centre as well as to the places of work. 
Reurbanites prefer appropriate housing at 
moderate costs (A. Haase et al., 2006, p. 176).

Hypothesis 3: Reurbanisation is influenced 
by the supply and settings of locally available 
social, economic and educational infrastruc-
ture. Inner-city in-migrants are assumed 
to be attracted by the quantity and quality of 
the social and medical infrastructure and the 
retail trade, supermarkets or other shopping 
facilities. In this way, the population develop-
ment, as Beauregard (2004) pointed out, is 
closely associated with employment change 
and social conditions such as the quality of 
schooling. Hence, a growing number of small 
and medium enterprises (SMEs), and par-
ticularly the rise in the number of kindergar-
tens and primary schools, contributes to the 
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stabilisation of areas with family households 
(A. Haase et al., 2005a, pp. 26–27). Likewise, 
the proximity to university locations is 
deemed to be a key factor of student-driven 
reurbanisation (Buzar et al., 2007, p. 666).

Hypothesis 4: Reurbanisation-prone dis-
tricts exist within the city of Leipzig. It is 
postulated that reurbanisation processes can 
be identified in specific areas within the entire 
city (63 districts) by applying an interdiscipli-
nary set of indicators (A. Haase et al., 2005a; 
D. Haase et al., 2008a).

Hypothesis 5: Reurbanisation is not only a 
transitory phenomenon but is a long-term 
process in a number of inner-city dis-
tricts. Reurbanisation patterns can already 
be traced back for certain districts in Leipzig 
over a longer period of time, which would 
allow them to be identified as ‘consolidated 
reurbanisation areas’.

4. Materials and Methods

In order to verify the hypotheses and to 
identify (potential) reurbanisation processes 
(A. Haase et al., 2005a), significant indicators 
were selected out of an interdisciplinary indi-
cator set to observe reurbanisation processes. 
We used households (size and total number), 
migration and age structure as direct indica-
tors to present the evidence and progress of 
reurbanisation (D. Haase et al., 2008a). The 
indicator of migration is used threefold: first, 
as a (total) migration balance; secondly, for 
immigration and the corresponding out-
migration, including moves across the city 
border; and, thirdly, as (inner-urban) in-
migration which comprises moves between 
and within municipal districts. Additionally, 
the indicator set contains indirect indicators, 
which describe the framework conditions that 
are assumed to be favourable to reurbanisa-
tion processes. These should be regarded as 
being in interplay with the direct indicators 

(A. Haase et al., 2005a, pp. 21–32). From that 
group, we applied the indirect indicators of 
(un)employment, SMEs (small and medium 
enterprises) and schools and kindergartens 
(D. Haase et al., 2008a).

The indicator set was already tested by 
D. Haase et al. (2008a) for initial statistical 
evidence and applicability to an entire city: 
the case study of Leipzig was used since the 
city counts as a ‘prominent reurbanisation 
case’ (D. Haase et al., 2008a). For this purpose, 
municipal statistics comprising data from the 
63 districts of Leipzig dated from 2003 (t1) 
were used for a bi-variate regression analysis. 
The basic indicator household size was plot-
ted against other variables of the set, such as 
in-migration. The results checked the first 
evidence of reurbanisation processes accord-
ing to the indicator set (for example, R2 = 0.46 
between household size and in-migration) 
and confirmed both the applicability and the 
significance of the indicators.

However, an analysis using data for only one 
moment in time, t1 (2003), has to be embed-
ded in a time-series analysis to provide evi-
dence of the stability, dynamics and trends of 
reurbanisation processes. To bridge that gap, 
this paper presents a spatio-temporal time-
series analysis which uses municipal data from 
1993 to 2005. According to our methodologi-
cal design (see Figure 3), the time-series, with 
t1 = tn, tn+1, … tn+x) where x = last time-step, 
was applied to validate this stability.

Data Compilation

Following our hypotheses, we compiled data 
from the local municipal statistics of the city of 
Leipzig. Data were provided by the municipal 
agency for statistics and elections dating from 
1993 to 2005. We developed a consistent data-
base comprising data for each of the 63 districts. 
As far as the quality of the data is concerned, we 
do indeed have some data gaps caused by a lack 
of data available for the time slot 1993–95. In 
the case of household structures (total number, 
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average size), data are available from 1995 and 
extrapolated from 2004 based on the Federal 
Micro-census. Framed by the five hypotheses 
above and the data availability, the indicator set 
for this paper is given in Table 1.

Data Processing

Several statistical analyses were applied using 
the software package SPSS® version 14.

In order to identify relationships between the 
direct indicators and the indirect indicators for 
reurbanisation, our analysis starts off by using 
a bi-variate regression and correlation analysis 
of the time-series (R2-series). These statistics 
were mainly used to test hypotheses 1, 2 and 
3. In doing so, significant correlations between 
the indicators can be identified. Additionally, 
the analysis gives an idea of its utility for iden-
tifying reurbanisation districts according to 
the value distribution of dependent variables

 y = ax + b

where, Y is the dependent variable; a is the 
regression coefficient; b is the constant; and 
x the independent variable.

A regression analysis resulting in R2-series 
formulated as

 R2
t

1
→t

n 
= [(y = ax + bt1) + (y = ax + bt2) 

+ (…) + (y = ax + btn)]

then reflects the (linear or non-linear) rela-
tionship R2 between the dependent variable of 
the in-migration a and other reurbanisation-
sensitive variables of the set b.

Our database comprises migration data 
divided into age classes of 10 years. These 
are presented as: 0–10, 10–20, 20–30, 30–40, 
40–50, 50–60, 60–70 and 80 years and older. 
The span of the age classes was defined as 
0–10 meaning 0 to less than 10 years, 10–20, 
meaning 10 to less than 20 years and so forth. 
To evaluate which age class counts as the most 
mobile among the groups, we carried out a 
ratio analysis (including variance analysis)
 

(Zik + Zk)n R = ————
 

Ek

where, R is the ratio; Zik represents in-
migration of age class k in district n; Zk reflects 
immigration across the city border of the 
same age class k in district n; and Ek is the 
inhabitants of age class k of the entire city.

To validate hypotheses 4 and 5, a hierar-
chical cluster analysis was chosen to identify 
groups of reurbanisation-sensitive districts 
and non-affected areas. We used the specific 
Ward procedure and squared Euclidian 
distance as the distance measure. The Ward 
method generally shows a high tendency to 
build clusters with a similar case occupa-
tion. Thus, it is commonly used for spatial 

Figure 3.  Logic of the approach and methods used.
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Table 1.  Data used for setting the indicator set into operation

Indicator

Households 
 

Migration 
 
 
 
 
 
 
 
 
 
 

Age structure 
 
 
 
 
 

Foreigners 
 
 

Employment 
 
 
 

SMEs (small 
and medium 
enterprises)  
 
 

Educational 
infrastructure 
 
 

Health 
infrastructure

Variables

Household size
Total number of 
households
Immigration (across 
the city border)
Out-migration (across 
the city border) 
(Inner-urban) 
in-migration (moves 
between municipal 
districts including 
moves within the 
district) 
Total migration 
balance
Migration according 
to age structure 
(10-year age-classes)
Inhabitants according 
to age structure  
(10-year age-classes)
Mean age 
Percentage of 
foreigners according 
to the total number of 
inhabitants 
Percentage of 
unemployment 
(number unemployed 
out of 100 
employees)
Total number of 
SMEs 
 
 
 

Total number of 
kindergartens 
Total number of 
schools  

Total number of 
doctors

Time series

1995–2005
1995–2005 

1993–2005 

1993–2005 

1993–2005 
 
 
 
 

1993–2005 

1993–2005 
 

1992–2005 
 

1993–2005
1995–2005 
 
 

1996–2005 
 
 
 

1993–2005 
 
 
 
 

1993–2005 

1993–2005 
 

1993–2005

Dataset (primary source)

Local municipal statistics of the city of 
Leipzig (for 2004/05 micro census)

Municipal agency for statistics and 
elections 
 
 
 
 
 
 
 
 
 

Municipal agency for statistics and 
elections (register of residents) 
 
 
 
 

Local municipal statistics of the city of 
Leipzig 1997, 2000, 2002, 2004, 2006; 
statistical year book for Leipzig 1998, 
1999, 2000 (register of residents)
Local municipal statistics of the city of 
Leipzig 1997, 2000, 2002, 2004, 2006; 
statistical year book for Leipzig 1998, 
1999, 2000 (Federal employment office) 

Local municipal statistics of the 
city of Leipzig 1993, 1995, 1997, 
2000, 2002, 2004, 2006; Municipal 
agency for statistics and elections 
(Chamber of industry and commerce 
Leipzig) 
Local municipal statistics of the city 
of Leipzig 1993–2006; Municipal 
agency for statistics and elections 
(Statistical Office of the Free State 
of Saxony)
Local municipal statistics of the city 
of Leipzig 1993–2006; Municipal agency 
for statistics and elections (Statistical 
Office of the Free State of Saxony)
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socio-demographic and economic data. The 
analysis was conducted with data from 1999 to 
2005 due to the methodological requirement 
of taking the same number of districts (63) as 
n.1 Four variables were selected for clustering: 
migration balance, percentage of foreigners, 
mean age and percentage of unemployment. 
The selection of these variables is based on 
their significance as respective reurbanisation 
indicators and on a preliminary statistical 
test of multicollinearity, which could not 
identify any significant collinearity amongst 
the variables.

The first three variables—migration bal-
ance, percentage of foreigners and mean 
age—demonstrate demographic changes 
and simultaneously indicate reurbanisation 
processes in a direct way. The indirect indi-
cator of the percentage of unemployment 
was chosen to show characteristics of reur-
banisation processes in combination with the 
direct (but non-correlating) indicators. The 
Ward-cluster analysis was carried out after a 
z-transformation

 ∞
 X(z) = S x [n]z-n

 n = 0

To evaluate the quality and stability of the 
Ward clusters obtained, an additional dis-
criminant analysis (including a test of the 
residual fractions) was conducted based on a 
discriminant function

D = b0 + b1x1 + b2x2 + ... + bnxn,

where, D represents the discriminant function; 
xn is the attribute variable (n = 1, 2, …, n);
bn is the discriminant coefficient for n; and b0 
is a constant.

5. Results

In this section, we present the results which 
we obtained in the statistical analyses. We used 

bi-variate regression and correlation analyses 
to identify significant coherences between 
the direct indicators and the indirect indica-
tors. The results of the analyses underline 
the applicability of some of the indicators 
regarded as basic indicators for measuring the 
evidence and progress of reurbanisation. The 
complete list of regression results including 
the R² coefficients and significance levels is 
given in Table 2.

According to the assumption that reur-
banisation is predominantly driven by small 
households of ≤ 2 persons (Hypothesis 1), 
the indicator of household size was chosen 
as the indirect variable and was plotted against 
the direct indicator of the in-migration. The 
results showed negative correlation values—
i.e. negative exponential coherences—which 
are significant since 1999 (R² increases 
from 0.01 in 1995 to 0.48*** in 2005). The 
plots underline the fact that districts char-
acterised by high in-migration values simul-
taneously show small/below-city-average 
household sizes.

To demonstrate whether those smaller 
households represent a stabilisation element 
for inner-city areas, the spatial distribution 
of the average household size per district is 
presented in Figure 4 for two time snapshots, 
1995 and 2005. In 1995, an average household 
size of ≥ 2 persons was found in most of the 
districts. The mean household size was larger 
in districts located in the peripheral parts 
of the city than in central ones. While the 
tendency for household size to increase in 
peripheral districts persisted in 2005, much 
smaller households (≤ 1.6) were then typical 
for inner-city districts around the city core, 
which underlines the growing tendency to live 
alone in more central areas.

In accordance with Hypothesis 2, a ratio 
analysis was used to explore migration to the 
districts according to their age-class distribu-
tion. Simultaneously, we used time-series dis-
tributions of the development of the respective 
10-year migrating age classes for the districts 
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of Leipzig from 1993 to 2005 (some of them 
are shown in Figure 5). Here, we added immi-
gration and in-migration, which are defined 
in section 4, for a broader view.

Notably, the 20–30s show rising migration 
numbers and constitute the highest percentage 
of the entire city since 1996. At the same time, 
the age class of the 30–40s started to decrease. 
Further, we identified increasing migration 
numbers of the 0–10s from 1993 to 1998, 
since when this age group has remained stable. 
Evidently, age groups belonging to younger age 
classes represent the predominant proportion 
of migrants to inner-city districts.

Even the regression between the entire 
number of inhabitants and<40 years and 
in-migration resulted in extremely close 
relationships for the respective years (Table 
2). R² coefficients continuously showed highly 
significant values (1993: 0.93***; 2005: 0.95***).

In terms of Hypothesis 3, reurbanisation is 
promoted by the local supply and settings of 
the social, economic and educational infra-
structure. Thus, we took the indirect indicators 

of the total number of doctors (representing 
the social infrastructure), small and medium 
enterprises (SMEs, representing economic 
infrastructure) and the total number of kin-
dergartens and schools (representing educa-
tional infrastructure) to investigate Hypothesis 
3. Here, we also used the linear bi-variant 
regression analysis—i.e. R² coefficients—by 
also setting the indicator of in-migration as 
the direct indicator (Table 2). Regression coef-
ficients for each of the variables are to be found 
as time-series (1993 to 2005) in Figure 6. The 
variable ‘total number of doctors’ was shown 
to be significantly related to in-migration for 
the whole period exhibiting increasing R² 
values (1993: 0.41***; 2005: 0.67***).

Similarly, the variable representing the total 
number of SMEs, indicating the economic 
infrastructure, appears to show highly signifi-
cant relationships to in-migration—i.e. posi-
tive values that increase from 0.31*** (1993) to 
0.61*** (2005). In contrast, we were not able to 
demonstrate an increase in significant regres-
sion coefficients using the total number of 

Table 2.  R² coefficients between in-migration and selected variables

 R² between in-migration and

  Number of
 Household inhabitants
 size < 40 years SMEs Kindergartens Schools Doctors

1993 — 0.93*** 0.31*** 0.41*** 0.52*** 0.41***

1994 — 0.79*** 0.27*** 0.42*** 0.46*** 0.39***

1995 0.01 0.85*** 0.34*** 0.48*** 0.47*** —
1996 0.04 0.70*** 0.33*** 0.49*** 0.36*** 0.57***

1997 0.03 0.77*** 0.37*** 0.43*** 0.39*** —
1998 0.08** 0.76*** 0.42*** 0.37*** 0.36*** 0.64***

1999 0.19*** 0.81*** 0.54*** 0.43*** 0.44*** 0.69***

2000 0.40*** 0.86*** 0.52*** 0.36*** 0.29*** 0.64***

2001 0.46*** 0.89*** 0.52*** 0.34*** 0.31*** 0.69***

2002 0.48*** 0.91*** 0.50*** 0.30*** 0.34*** 0.62***

2003 0.47*** 0.93*** 0.53*** 0.32*** 0.34*** 0.68***

2004 0.45*** 0.94*** 0.53*** 0.30*** 0.38*** 0.65***

2005 0.48*** 0.95*** 0.61*** 0.26*** 0.32*** 0.67***

Notes: *** p < 0.01; ** p < 0.05;— no data available for the respective year.
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kindergartens or schools; R² values decrease 
from 0.52*** (1993) to 0.32*** (2005), but are 
still significant.

Hypotheses 4 and 5 refer to the spatial 
distribution and the temporal significance of 
reurbanisation processes. Regarding the latter, 
we were asking whether there is evidence that 
reurbanisation is a long-term process or just a 
short-term development. We expected to find 
municipal districts that are, due to their local 
settings, particularly sensitive to reurbanisa-
tion (Hypothesis 4).

As a follow-up, we identified four clusters 
according to the aforementioned variables 
used for the cluster analysis: migration 
balance, rate of foreigners, mean age and 

percentage of unemployment. This grouping 
was validated by the discriminant analysis 
that underlines its applicability and iden-
tified 90.5–95.5 per cent (depending on the 
year) of the districts as precisely classified. 
We named the clusters according to their 
specific characteristics as follows: Cluster 1— 
“Centre cluster”, Cluster 2—“Shrinking and 
ageing cluster”, Cluster 3—“Young reurban 
cluster”, Cluster 4—“Stable suburban cluster”. 
Table 3 gives an overview of mean parameter 
values of the four variables forming each clus-
ter. In addition, a comparison of the mean val-
ues to the city average is shown. Furthermore, 
the tendency of the respective variable values 
within the last two years is presented.

Household size
of the districts of Leipzig

Former city border

<1.6

1.6 – <1.8

1.8 – <2.0

2.0 – <2.2

2.2 and more 0 2.5 5km

2005
1995

Figure 4.  Spatial distribution of households in Leipzig, 1993 and 2005, according to their 
size (by number of residents) at municipal-district level. 
Source: Municipal agency for statistics and elections.
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Figure 6.  Linear regression coefficient R2 between in-migration and the following
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Source: Municipal agency for statistics and elections.
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The “Centre cluster” comprises all of the 
districts in the city centre—i.e. six districts. 
It shows high values for the percentage of 
foreigners (13.1), while the city average is 5.9. 
The “Shrinking and ageing cluster” features 
a high mean age (45.7 years) as well as a 
percentage of unemployment which is above 
city average (14.7). The districts included in 
Cluster 2 face high numbers of out-migration 
and thus show a negative migration balance 
of -129. Cluster 2 comprises 24 districts and 
therefore appears to be the most grouped clus-
ter. With regard to the “Young reurban cluster” 
(Cluster 3), we found a positive migration 
balance (266) and a significant low mean age 
of <40 years (39.8) to be distinctive charac-
teristics. Overall, 17 districts belong to this 
cluster. A low percentage of foreigners (1.4) 
and a positive migration balance (86), with a 
tendency to decrease over the coming years, 
feature in Cluster 4, the “Stable suburban 
cluster”, which comprises 16 districts. This 
cluster shows the lowest values for variance 
for the variables according to their parameter-
values. Box–Whisker plots report the variance 
for all of the variables incorporated (Figure 
7). Figure 8 shows the spatial distribution of 
the districts within each of the four clusters.

Looking at the spatial distribution, the dis-
tricts of Cluster 1, the “Centre cluster”, are pre-
dominantly situated in the centre of the city. 
Cluster 2, the “Shrinking and ageing cluster”, 
comprises districts that are situated near the 
former city border and mainly belong to resi-
dential areas with predominantly GDR-era 
prefabricated housing estates. “Young reurban 
cluster” districts are situated within the inner 
city, forming a ring of reurbanisation-sensi-
tive districts around the city centre. Most of 
them are located in the residential area with a 
predominantly Wilhelminian housing stock. 
Districts outside belonging to Cluster 4, the 
“Stable suburban cluster”, are mainly situated 
outside the former city border in suburbia.

To return to Hypothesis 4, Cluster 3, the 
“Young reurban cluster”, confirms the presence 

of reurbanisation-sensitive local districts. 
With regard to Hypothesis 5, we found seven 
of the identified districts in Cluster 3 to be 
stable over the whole time-period from 1999 
to 2005, which means that those districts were 
allocated to Cluster 3 every year.

6. Discussion: Reurbanisation 
Evidence

Drivers of Reurbanisation

The results of the quantitative study show sig-
nificant statistical evidence of reurbanisation 
processes for a definite period of time—i.e. 
1993 to 2005. We identified small households 
of ≤ 2 persons to be closely related to in-migra-
tion numbers. According to the municipal 
statistics, the percentage of those households 
increased considerably within almost all inner-
city districts from 1995 to 2005. Additionally, 
the results of the ratio analysis clearly show 
a rising influx of representatives of younger 
age classes to inner-city districts since 1993, 
in particular those aged younger than 30 
since 1998. With regard to their spatial distri-
bution, it is predominantly to districts close 
to the city centre that these in-migrants go, 
resulting in a successive rejuvenation of these 
areas. These findings correspond very well to 
those of other European-wide studies. In the 
cases of Glasgow and Manchester, Seo (2002) 
identified a large number of young people 
mainly living in small households within 
reurbanisation-sensitive areas in the inner city. 
A comparative study by Buzar et al. (2007) 
analysed recent population trends in inner-
city areas in the European cities of Bologna, 
León, Ljubljana and Leipzig. In all these 
cities, reurbanisation processes were found. 
The study concluded that reurbanisation was 
mainly driven by specific household types such 
as small households and young people who 
contributed to the processes of repopulation 
and rejuvenation of selected inner parts of 
the cities mentioned. For the purpose of our 
paper, it can be concluded—supported by 
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findings from other studies mentioned—that 
it is to a significant degree, although not exclu-
sively, small households represented by young 
age classes who are driving reurbanisation 
processes in Leipzig.

As far as the indicators representing the 
characteristics of social, economic and educa-
tional infrastructure are concerned, we found 
both increasing and decreasing relationships 
between these indirect indicators and our 
direct indicator of reurbanisation—i.e. the 

influx of small and mainly younger households. 
Positive relations were found in the case of the 
number of doctors and SMEs, indicating that 
they could boost the in-migration of specific 
population groups or age classes to specific 
districts. In terms of the spatial distribution 
of their changes in the total number (1993 to 
2005), the numbers of doctors as well as SMEs 
appear to show similarities to the distribution 
of the household sizes: primarily inner-city 
districts inhabited by small households appear 
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with an increasing numbers of doctors and 
SMEs. These results fit the findings of a British 
nation-wide survey on the ‘quality of life’. 
There, it was documented that people prefer 
to live in places with, amongst others, the best 
possible health services and good shopping 
facilities (Findlay et al., 1988).

In terms of the distribution of SMEs, it has 
to be considered that changes in the total 
number might also induce labour market 
transformations. Thus an increasing number 
of SMEs, often related to rising employment 
opportunities, is thought to trigger in-migra-
tion to the respective inner-city districts.2 In 
the case of Leipzig’s media cluster (clustering 
around the regional TV broadcasting service 
MDR), this had developed to a significant size 
by the end of the 1990s. At present, it attracts 
competitors from other regions as well as 
students from Leipzig’s universities (Bathelt, 
2005). Obviously

the city—and more especially the metropolitan 
core—represents the ‘creative habitat’ par 
excellence for these new industrial clusters 
... offering a critical mass of human capital, 
amenity attributes, and environmental 
conditions (Hutton, 2004, p. 1958).

Furthermore, the advantages of location 
persuaded large firms, such as BMW, Porsche, 
DHL and Amazon to settle in Leipzig and 
in the vicinity. Although we cannot infer a 
direct relationship between the residential 
shifts in inner-city areas and this type of SME 
dynamics, there might be an ‘interactive’ effect 
that strengthens both trends. Moreover, once 
settled, the media industry attracts educated 
(young) professionals who probably consider 
the residential areas close to their place of 
work to be appropriate places of residence 
(Weigel and Heinig, 2007). Previous research 
on reurbanisation in Leipzig confirms that 
short distances to work are among the main 
reasons for reurbanites to move to inner-city 
districts (A. Haase et al., 2006).

By contrast, the relationship between in-
migration and the total number of kinder-
gartens and schools shows a decreasing trend 
for nearly all districts. It was expected that 
there would be a significant positive relation 
between these variables, since other studies 
present evidence of significant correlations 
between high-quality schools and residen-
tial in-migration (Zhang, 2001). In the case 
of Leipzig, however, the specific situation 

Clusters of urban development

Cluster 1: Centre Cluster

Cluster 2: Shrinking & Ageing Cluster

Cluster 3: Young Reurban Cluster

Cluster 4: Suburban Cluster

Former city border

0 52.5 km

Figure 8.  Clusters of socio-demographic urban development at local-district level in Leipzig 
for the time-span of 1999–2005. 
Source: Municipal agency for statistics and elections.
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of east German cities has to be considered. 
Leipzig offered a large number of child-
care institutions before 1990. However, as a 
consequence of the fall in birth rates to an 
all-time low (‘lowest-low fertility’ with 0.77 
children per woman in 1993 and 1994 for 
east Germany; Kröhnert et al., 2004, p. 46), 
in some districts almost all kindergartens and 
schools were closed between 1993 and 2005. 
Thus, the development of the educational 
infrastructure rather reflects the decline in 
demand for schools and kindergartens in 
many places. Consequently, these two indica-
tors are not considered to be appropriate to 
indicate reurbanisation at least for the period 
of analysis. As for the future, however, the 
expected positive relationship mentioned 
earlier is expected to resume, most of all for 
processes of ‘family-driven’ reurbanisation 
that, although more modest in numbers, also 
plays a role in Leipzig.

The “Young Reurban Cluster”

The cluster analysis was conducted to iden-
tify groups of districts according to their 
reurbanisation-relevant characteristics. As a 
result, we were able to identify four clusters 
grouping the 63 districts of Leipzig.

An important result derived from the clus-
ter analysis is the identification of the “Young 
reurban cluster”, which shows significant 
features of reurbanisation processes. Districts 
in that cluster face an above-average, positive 
migration balance and a below-average mean 
age. These districts appear as a kind of reju-
venated reurbanisation-sensitive ring in the 
inner city of Leipzig and, in addition, some 
of them appeared stable for the studied time-
period (since 1999). Therefore, they were 
identified as ‘consolidated reurbanisation 
areas’. For further analyses, the identification 
of this cluster and the cluster approach itself 
will serve as suitable instruments for a long-
term observation of reurbanisation trends as 
a part of urban monitoring.

Finally, to embed the results for Leipzig 
into a wider context, we focused on other 
large and medium-sized east German cit-
ies which underwent similar (post-socialist 
or transitional) developments over recent 
decades. Cities such as Dresden, Erfurt and 
Jena show a population turnaround leading 
to stabilisation and growth tendencies since 
the end of the 1990s (Herfert, 2002, p. 340). 
Additionally, the work by Ott (2001) on 
deconcentration in the city of Erfurt presents 
patterns of post-socialist suburbanisation 
until the end of the 1990s. The processes were 
accompanied by inner city out-migration 
and the degeneration of large housing estates 
from the 1960s to 1980s. Thus, this coincides 
with the development in Leipzig during the 
1990s. Since Ott’s analysis is limited to data 
up to the end of the 1990s, it does not report 
on the population turnaround and inner-city 
repopulation by younger age classes after 
2000 that is also true for Erfurt (Municipality 
of Erfurt, 2007). Hence, in the east German 
context, the phenomenon of reurbanisation 
appears in some of the larger urban centres, 
first and foremost in university cities with a 
multifunctional economic and service base—
cities that Herfert (2007) referred to as ‘islands 
of growth’ in an ocean of shrinkage.

7. Conclusions

In this paper, we have presented quantitative 
spatio-temporal analyses of reurbanisation 
based on socio-demographic indicators from 
an interdisciplinary indicator set for reur-
banisation processes. Using the example of 
the east German city of Leipzig, we proposed 
five hypotheses to identify the basic character-
istics of reurbanisation. We further explored 
whether reurbanisation is related to certain 
local settings of spatial, socioeconomic and 
residential-environment factors. Moreover, 
we analysed whether reurbanisation shows 
tendency to be a long-term process instead 
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of being only a temporary phenomenon. In 
order to test these assumptions, local munici-
pal time-series data for the 63 urban districts 
from 1993 to 2005 were analysed.

To summarise, we came to the following 
conclusions. First, we found small (i.e. one- 
and two-person) households to be the driv-
ers of reurbanisation in Leipzig. Set against 
the background of the overall trends of the 
downsizing of households and an increasing 
importance of living alone, it became clear 
from the evidence that the current reurbanisa-
tion is favoured by these trends.

Secondly, we identified young households, 
particularly the age class of the 20–30s, as 
reurbanites who settle in inner-city districts to 
take advantage of of their central location—
i.e. the short distances to work or education 
as well as easy access to other urban amenities.

Comparing the direct indicators of reur-
banisation with some other, seemingly related 
indicators, we found, thirdly, both increasing 
as well as decreasing correlations. While the 
statistical analysis points to a positive rela-
tion between reurbanisation and the num-
bers of doctors and SMEs, no such relation 
is found for kindergartens and schools. We 
demonstrated that it is indispensable to look 
at the processes behind the data to be able to 
interpret them properly.

By a cluster analysis, we fourthly deter-
mined those districts where reurbanisation 
processes can be observed since the end 
of the 1990s. A considerable percentage of 
these districts showed consistent significant 
characteristics of reurbanisation from 1999 
to 2005 and were therefore classified as the 
“Young reurban cluster” with at least a mid-
term perspective.

We conclude that Leipzig is a good city for 
which to analyse reurbanisation processes 
that focus on the inner city and younger 
households and that might even affect outer 
districts and other residential groups such 
as families and the elderly in the future. The 

results underlined that reurbanisation in our 
conceptualisation best explains the processes 
of repopulation and socio-demographic 
shifts that we observe in Leipzig’s inner city. 
For the future, processes of an on-going 
fragmentation and local gentrification are not 
excluded and need to be further investigated. 
Comparison with other east German and 
even east central European cities (A. Haase 
et al., 2007) shows that the described trends 
are of an overarching importance and not 
locally specific. Whether they are really long 
term or merely represent a phase of inner-
city reconsolidation within a broader cycle of 
development under the conditions of popula-
tion decline has to be left for future research.

Notes

1. Due to administrative reforms in 1999, 
the number of districts increased from 49 
(1993) to 63.

2. The opposite effect is also possible: higher in-
migration might attract new SMEs to locate 
in the area.
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Abstract

The issues of historical landscape analysis and the influential driving factors of landscape development provide an essential basis for

tackling current environmental questions in spatial planning. Therefore, this paper focuses on the objectives and methods of historical

landscape analysis with the example of Saxony, Central Germany.

The different ways in which such investigations can be applied and the results achieved are shown using four case studies. The main

objective is to discuss methodological aspects of spatially explicit GIS-based landscape analysis and ways of making full use of the

information contained in historical maps. Examples of suitable maps of Saxony dating back to 1780 are presented. In addition to

historical land-use information, valuable additional information can also be gained from this kind of data, such as on the historical

pattern of landscape functions, potentials and structures. These findings can be used to predict and optimise future landscape

development.

The approaches presented here combine methods of classical landscape analysis with modern techniques such as geographic

information systems (GIS), the approach of landscape metrics (LSM) or deterministic models (e.g. ABIMO), which can be used to serve

spatial analysis, and tools for analysing landscape structure.

r 2005 Elsevier Ltd. All rights reserved.

Keywords: Landscape changes; GIS; Land use; Historical maps; Landscape structure; Landscape functions
Landscapes—mirror of society

Unlike in previous ages, landscape development in
Central Europe is currently characterised by mainly
anthropogenic processes affecting almost the entire land-
scape (cf. e.g. Antrop, 2000; Konold, 1996). Many of these
processes are almost imperceptible when viewed over
shorter periods and appear to be of little consequence. In
the long term, however, they may well lead to changes in
the carrying capacity, water balance and usability of the
landscape.

Landscapes in this paper are understood as dynamic and
open systems where biophysical, social and economic
factors mutually interact and are structured in hetero-
e front matter r 2005 Elsevier Ltd. All rights reserved.
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geneous patterns in different space and time frameworks.
For the authors, cultural landscapes have a strong
historical background to be considered today (Bastian
and Steinhardt, 2002).
Changing landscapes, especially changes in the way in

which land is used, result in alterations to the landscape
structure—and, hence, also to the abiotic and biotic
functions and potential of a landscape. The general trend
of landscape development in Central Europe is heading
towards more monotonous, less diverse landscapes com-
bined with the impairment of landscape functions over
large areas (Antrop, 2000). The diverse conditions char-
acterising natural areas are being increasingly narrowed
down while the landscape balance is being permanently
altered.
In Central Europe, a region dominated by anthropo-

genic development for housing, trade, industry and
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intensive agriculture, in addition to their natural attributes
landscapes are mainly characterised by multiple usage—
and, hence, usage conflicts (Antrop and van Eetvelde,
2000). Not just a 20th-century phenomenon, this multiple
usage has in fact evolved over a period of centuries—
although the period since World War II has been
dominated by the human exploitation of natural resources
such as soil, water and flora, fauna and space/area itself
due to urban expansion on a far greater scale than ever
before (Bastian and Schreiber, 1999; Nuissl and Rink,
2005). The expansion of the land used for forestry, water,
urban settlement and transport is continuing unabated
(Table 1). Moreover, at present the phenomenon of
shrinking urban settlements due to population decline
(decreasing birth rates, out-migration) and resulting land
abandonment and residential vacancy characterises large
parts of Central Europe (Haase et al., 2005; Lutz, 2001,
1996). Although population growth, the major driver for
land use and landscape change over centuries, has lost its
dynamic in Central Europe, increasing migration fluxes at
the regional and international level must nevertheless be
taken into consideration. Furthermore, open spaces are
subject to greater fragmentation by technical infrastructure
owing to intensive road construction arising from an
increased mobility of our society and related transport
infrastructure construction (Jaeger, 2002; Walz, 2005b).

The intensification of farming has resulted in an increase
in the average size of individual areas used for agriculture,
increasingly attributed to land redistribution and drainage
combined with the disappearance of structural elements of
the landscape (Dosch and Beckmann, 1999). Especially in
the Eastern part of Europe, the socialist planning regime
led to extremely large management units. On the other
hand, the total amount of land used for agriculture is
declining due to economic development and agri-environ-
mental policy of the European Union (BBR, 2002; ESDP,
1999).

In the following, several examples from Central Ger-
many will be in the focus of the discussion. Studying these
processes and integrating the findings obtained into
relevant instruments of control, e.g. in landscape monitor-
Table 1

Land use development in Germany 1950–2003 (%)

Land use development in Germany (FRGa) 1950–1989

1950 1960 1970 1981

Settlement 7.1 7.8 9.3 11.1

Agriculture 57.3 57.5 55.7 55.2

Forest 28.4 28.4 28.9 29.5

Waters 1.8 1.7 1.8 1.7

Others 5.4 4.3 4.3 2.5

Data source:
aFederal Republic of Germany.
bGerman Democratic Republic.
cMean value calculated for GDR and FRG in 1989.
ing and information systems (Walz, 2002) will become one
of the main themes of landscape ecology in the coming
decades. Besides a sound knowledge of driving forces for
land use change, such as the political, social, and economic
as well as the institutional framework, investigating
the historical development of landscapes serves as an
important basis for reducing uncertainty in landscape
development.

The objectives of studying landscape change

According to Section 2 of the amended German
Conservation Act, ‘‘the natural balanceyis to be safe-
guarded in its spatially definable sections such that the
biological functions, substance and energy fluxes, and
landscape structures characterising an area are maintained,
developed or restored.’’ (Bnatschg, 2002). Accordingly,
landscape ecology also has to study important factors or
‘driving forces’ affecting landscape change. They include
laws, administrative guidelines and directives, as well as
subsidy programmes supporting certain types and inten-
sities of land use. A growing role is being played in this
sphere by the frameworks given by the European Union as
well as regionally and nationally specified through govern-
ment and planning administration. Examples include the
EU Water Framework Directive (WFD), the European
Habitats Directive (Natura2000) and the EU’s Common
Agricultural Policy, as well as the subsidies granted
for building European road networks, and especially,
highways.
Detailed knowledge on how fast and exactly where

landscapes are changing allows conclusions to be drawn
about the effectiveness of socio-political and social driving
forces. Moreover, the changes caused to land use provide
indications about the resulting state of the landscape.
Knowledge of historical landscape development ought
therefore to be the starting point for long-term landscape
monitoring (cf. Neubert and Walz, 2002). This entails
collating information on landscape development from the
national down to the local level. In order to evaluate
the processes involved, information about the usage of the
GDRb Germany Germany Germany

1989 1989 1989c 1997 2003

12.2 9.9 11.5 11.8 12.5

53.7 57.0 54.7 54.1 53.4

29.8 27.5 29.1 29.4 29.5

1.8 2.9 2.1 2.2 2.4

2.5 2.7 2.5 2.5 2.0
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(cultural) landscape, its land-use structure and intensity, its
natural attributes, and the water and nutrient fluxes are
required.

Therefore, investigating landscape change begs the
following questions:
�
 How have land use and the landscape structure changed
over historical periods?

�
 How have these changes to the landscape affected the

ecosystem pattern and biophysical processes, especially
water and nutrient fluxes as well as biodiversity (as
products or services provided by landscapes)?

�
 What degree of land-use intensity is characterised by

what usage patterns?

�
 Can general trends be concluded regarding future

changes to land use and its structuring over the next
few decades?

�
 How can these trends be evaluated in connection with

sustainable landscape development?

�

1‘Hatching’ refers to fine lines showing contour gradients. Higher

density of lines indicates steeper gradients.
What conditions have to be met—and what instruments
are required—if the various landscape functions are to
continue to be met?

The results of investigating historical landscape devel-
opment primarily consist of quantitative, statistical in-
formation on land use change (i.e. a quantitative analysis
of historical states) which can, for instance, be used for the
continuous monitoring of comparable metrics and indices
in time series. These time series can be used to predict
future general trends in the case of assumed constant
political and economic frameworks.

Regional and local investigations of landscape changes
enable land-use trends and developments to be differen-
tiated by region and hence support analysis of the causes.
Spatio-temporal studies also allow conclusions to be drawn
about the scale of change to the landscape in historical
periods. As far as landscape management is concerned,
knowledge of the temporal and spatial variability as well as
the dynamics of land-use change is crucial, and can be used
to particularise guiding principles and the planning of
suitable schemes.

In addition, studying land-use changes by using histor-
ical periods (i.e. by quantitatively analysing historical
states) can highlight how land use affects the performance
of landscape functions (services that are provided by
landscapes for society or man e.g. water balance, ground-
water recharge, de Groot et al., 2002). The form of
landscape functions describes how well or badly a land-
scape is able to neutralise human usage (both continuous
and brief) and regain equilibrium. These values (which can
also be described as degrees of fulfilment of landscape
functions) provide information about the state and
functional capacity of a landscape (Bastian and Schreiber,
1999; Haase, 2003; Antrop, 2004; Walz, 2005a).

Extensive background knowledge is required in order to
investigate and correctly assess landscape states in the
historical periods concerned. Knowledge of the respective
forms of usage connected with specific changes to land-
scape structures and functions, the respective management
systems and usage-related structuring (urban and rural
settlement structures, systems of roads and ditches, sizes
and shapes of land parcels, Bell and Irwin, 2003) is of
fundamental importance. As regards land use, this paper
focuses mainly on conflicting uses of landscapes at the
regional scale, assuming that e.g. catchments and regions
(as typical regional scale landscape units) have to fulfill
different functions and provide several services for society
at the same time (cf. Chapter 4). Thus, taking history into
account, a sound prognosis for future land-use-shaping
potential is possible.

Historical maps and other sources

Topographic maps and their predecessors produced in
land surveys since the 18th century provide a suitable
cartographic base for historical landscape analysis. They
have sufficient resolution in terms of geometry and content
for medium-scale studies and enable landscape develop-
ment over the past 200 years to be investigated. Older maps
are rarely accurate enough and should, at most, be used as
supplementary information.
The following comments describe the data situation of

the German federal state of Saxony. There are often similar
map series available within Europe, e.g. Austro-Hungar-
ian, Prussian or Swedish military or cadastral surveys,
which have an extensive coverage. The specific quality (e.g.
geometrical accuracy, information content) as well as
suitability for such analysis has to be evaluated in a case-
related manner due to the variety of editions. Here, the fact
must be added that the study of land use change at the state
or national level serves for statistical and comparison
purposes and has to be proved by small-scale case studies,
because general trends in the development (increase,
decline) of land use classes may vary at the regional scale,
due to the bio-physical setting of specific sites. Therefore,
this paper includes both, state-wide surveys and maps as
well as representative case studies.
The Sächsische Meilenblätter (‘Saxon mile sheets’) were

compiled starting in 1780 for the territory of Saxony at that
time. The comparatively large survey scale of 1:12,000
chosen was designed to make the maps suitable for the
construction of roads and canals, mining and public
administration and they feature a commensurate level of
detail. The relief is indicated by hatching. This is
remarkable because it is an early approach to illustrating
relief, but it optically dominates the map.1 As of 1870,
hatching was replaced by contour lines in the ‘equidistant
maps’, which extensively updated the content of the
Meilenblätter. Suitable information on land use was
subsequently made available in the ‘survey maps’ (Mes-
stischblätter) as of 1900 and the more recent digital data
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Table 2

State-wide map series for historical landscape analyses in Saxony

Map series or data Scale Time status

Saxon Mile Sheet (Sächsisches

Meilenblatt)

1:12,000 1780–1809

Equidistant Map (Äquidistantenkarte) 1:25,000 1870–1885

Survey Map (Messtischblatt) 1:25,000 1900–1924a

Biotope type and land use map (digital) 1:10,000 1992/93

Authoritative Topographic-Cartographic

Information System (ATKIS, digital) and

Topographic Map (TK25)

1:25,000 1993 (up to date)

aThere are further topographic maps in different time intervals till

today.
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contained in the biotope type and land use maps as well as
the current digital data in the Authoritative Topographic-
Cartographic Information System (ATKIS) compiled by
the regional Department of Surveying and the 1:25,000
topographic map (TK 25N). The ATKIS data are more
geometrically accurate than in the other systems and will,
moreover, be continuously updated. Furthermore, classi-
fied and evaluated remote-sensing data and additional time
layers can be shown. For more details about the develop-
ment and content of historical Saxon maps see Witschas
(2002).

When processing and comparing the maps available
(Table 2), it must be borne in mind that they vary in terms
of survey techniques, given details, accuracy and produc-
tion depending on when they were made. Moreover, the
map content also changed, and old maps often do not
include legends or any other form of explanation. The
introduction of the Prussian legend in the new edition of
the survey maps was the first time that clear, uniform map
symbols were used (indeed, a modified form of the same
symbols is still employed today). Other difficulties result
from the different areas covered owing to the changing
borders of Saxony. Any analysis of historical maps must,
therefore, start with an examination to determine con-
gruence and comparability between modern and historical
maps so that a unified legend can be compiled for
evaluation (Neubert and Walz, 2002; Walz et al., 2001).

Studying landscape change in recent centuries is aided by
the use of other sources and materials documenting land
use and the reasons why it changed. For example,
additional useful information is contained in historical
landscape descriptions, local chronicles, street maps and
land register maps, as well as landscape paintings and
special map sections drawn up for legal disputes.

In addition, there is a whole string of geo-morphological
and stratigraphic-pedological studies (Bork et al., 1998)
which contribute to the analysis and description of
previous soil states and hence related structures and
processes of land use. Considered in connection with
numerous historical sources, these soil studies enable
natural and human impact on the landscape to be
described and differentiated.
Results of selected research studies
2

Below, studies into landscape change in various selected
areas are presented using four case studies from the
Dresden-based Leibniz Institute of Ecological and Regio-
nal Development (IOER) and the UFZ-Centre for
Environmental Research Leipzig-Halle (Fig. 1). In line
2An overview of studies of landscape change in Saxony is posted at

www.ioer.de/nathist. Apart from basic information on historical maps,

this German-language website also lists contacts for the numerous projects

on landscape change that have since been carried out in diverse regions of

Saxony.
with the framework outlined in the introductory sections,
the main objectives are as follows:
�

3

Ge

the

Lan
a comparative survey and analysis of historical and
current land use and its structure,

�
 an assessment of the landscape change determined and

of the effects on the environment and on the landscape’s
ecological functions,

�
 the prediction of future land-use trends,

�
 the formation of indicators and indices for land use or

landscape change.

Case study 1: land-use information relevant to nature

conservation in rural regions

This IOER study focused primarily on the information
content of historical maps relevant to nature conservation.3

It also set out to ascertain which maps could be integrated
into a geographic information systems (GIS) for compara-
tive historical analysis and what methods of geo-referen-
cing and digital evaluation would be required and are the
most suitable (Walz and Berger, 2003). Importance was
attached to an overall scale analysis, the land-use types to
be investigated being geared towards their ‘‘discernibility’’
in historical maps. Another objective of the research work
was to optimise the time and resources required.
The historical maps of two test areas—Frauenstein in the

eastern Ore Mountains and Riesa-Pausitz in the loess-
prevalent agricultural area of the Lommatzscher Pflege
(each taken from a 1:25,000 map and measuring about
130 km2; cf. Fig. 1)—were scanned, geo-referenced and
superimposed on the vector data of the current biotope
type and land use mapping of Saxony (1:10,000). The map
was then subjected to regressive editing, i.e. the current set
of data was adapted to the content of the historical map
(Neubert and Walz, 2002). This entailed identifying the
relevant information on the map, and so an extensive
Study on behalf of the Saxon Department of Environment and

ology, Dresden (Walz et al., 2001) as well as additional findings from

IOER research programme ‘‘Cumulative Environmental Effects of

d-use Changes’’.
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Fig. 1. Study areas of the Saxon case studies presented.

D. Haase et al. / Land Use Policy 24 (2007) 248–263252
comparison of the map content was carried out beforehand
and the usage elements to be mapped were decided.

Four time states were captured: biotope type and land
use data was used for 1993, survey maps for 1937,
equidistant maps for 1872, and the Saxon mile sheets for
1784/1825. The results comprised areas and linear elements
for these time states in the form of digital data layers.

The resulting digital map series enabled comparisons to
be made over a period of about 200 years (Fig. 2). Having a
uniform legend made visual interpretation and the
comparison of the resulting maps much easier. More
importantly, however, the digital, geographically refer-
enced processing of the land-use data enabled a series of
analyses which would have been next to impossible using
analogue methods, such as
�
 the production of statistics documenting land-use types
and linear elements for each time status,

�
 the quantification of structural changes to the land-

scape,

�
 the determination of land use changes to specific areas

and, finally,

�
 studying links between landscape change and landscape

functions, e.g. landscape water balance (Walz et al.,
2004).

For example, a statistical analysis of the proportions of
areas and linear elements revealed a significant reduction of
the road system (and hence of valuable boundaries) as well
as the decline of small, approximately linear structures
(such as hedges and rows of trees). In addition, changing
land use due, for example, to the expansion of built-up
areas and the expansion of grassland in the Ore Mountains
could also be quantified. Being able to pinpoint land use
changes threw up indications of old biotopes and
ecosystems which could still be useful for nature conserva-
tion and, most of all, detailed information where to
allocate limited financial resources for landscape develop-
ment (Haase and Nuissl, 2005).
As well as analysing the proportions of different land

uses in the individual time states, being able to take into
account structural parameters when assessing changes to
land use is also very important. Each landscape has its own
characteristic spatial structure resulting from the quantity
and arrangement of usage classes and their individual
cultivation units. The structural pattern and functions of
the landscape balance (e.g. in connection with the water
and nutrient fluxes) are closely linked. Changes to land-
scape structure also affect habitat suitability for certain
species of animals (Mathey et al., 1999). Landscape
structure can be analysed and described using mathema-
tical indexes covering the size, shape and position of
individual cultivation units in relation to each other, for
example. Moreover, landscape metrics (LSM) document-
ing fragmentation, usage diversity or the degree of isolation
of individual landscape elements, for instance, can be
determined for a landscape or a section thereof (Walz,
2001, 2004; Lausch and Thulke, 2001; Lausch and Herzog,
2002; Forman and Godron, 1986; Gustafson and Parker,
1992). The calculation of comparable indices on land-use
structure over a period of time may harbour important
conservation information when it comes to assessing the
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Fig. 2. Landscape development in the Frauenstein study area visualised using data layers and statistical comparisons.
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current state of a landscape (cf. Turner, 1990; Neubert and
Walz, 2002; Walz and Schumacher, 2003).

If a GIS or suitable geo-statistics software such as
FRAGSTATS (McGarigal and Marks, 1994) is used,
numerous parameters can be derived to characterise
landscape structure (Walz, 2001, 2004; Lausch and Herzog,
2002). Such parameters refer to either an individual object,
a land use class or an entire section of landscape. Although
natural land units are suitable for differentiation when
investigating aspects of the landscape balance, employing
administrative and planning units would also be concei-
vable.

Detailed analyses were carried out using two selected
meso-scale landscape units, so called ‘micro-geo-chores’
(Haase and Mannsfeld, 2002), in the Frauenstein study
area: the hilly Reichstädter Kuppengebiet and Hennersdor-

fer Weisseritz-Talrand (edge of a valley). Although using
natural land units is a favourable choice for landscape
issues, employing administrative, socio-economic related or
planning units would also be conceivable and often due to
data availability.
Land-use balances for both micro-geo-chores show that

in 1821 farming accounted for a very much bigger share of
the landscape than in 1993 (Fig. 3). By contrast, since then
the proportion of grassland has grown. Whereas the share
of forest at Reichstädter Kuppengebiet has declined, it has
risen at Hennersdorfer Weisseritz-Talrand. This is probably
due to the steep slopes, which nowadays are hardly
financially viable for farming. Moreover, when Lehnmühle
dam was built, the neighbouring areas were reforested.
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Fig. 3. Quantification of structural changes to the landscape—selected metrics on landscape structure in two micro-geo-chores in the Ore Mountains.
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This example shows that statistical consideration must at
all costs take into account both natural spatial and social
conditions to get a complete picture of the landscape
change.

Both areas feature declining structural diversity with a
dwindling total length of linear elements, an increase in the
average size of the individual cultivation units, and a rising
interspersion and juxtaposition index (IJI). The latter
indicates that cultivation units are more evenly distributed
today than before; meaning the landscape now features
more regular structures. In particular, as far as grassland is
concerned, between 1937 and 1993 in Reichstädter Kup-

pengebiet for example, the mean size of cultivation units
raised from 0.8 to 3.1 ha, while the area of the largest single
patch used as grassland increased from 17 to 113 ha. In
other words, the tendency towards forms of use becoming
the same, and spatial diversity decreasing at the landscape
level, is confirmed by the statistics.
In the Reichstädter Kuppengebiet, the shape index shows

low shape complexity for the 1937 time status (Fig. 4). The
reason is the very regular rectangular cultivation units
(mainly arable land). Only a few areas, especially forest and
grassland, have high shape complexity. In contrast, the
1993 time segment shows at first sight an increase in the
average and high values for shape complexity. This is
because the elimination of road structures and the merger
of cultivation units resulted in new, larger, but also less
regular cultivation units. This example also shows that it is
not sufficient to merely describe the landscape with one
index; instead, a number of indexes have to be used
depending on the subject of investigation. In this case,
apart from the shape of the cultivation units, the size of the
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Fig. 4. The changing shape complexity in a section of the Frauenstein study area between 1937 and 1993—an example of the usage of structural metrics

for landscape assessment.
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area and the density of usage borders (edge lengths) need to
be taken into account.

This case study shows that incorporating medium-scale
Saxon historical maps into a GIS is both feasible and
useful. These maps, especially the Saxon mile sheets as of
1780 and the survey maps as of 1900, contain sufficiently
detailed information about uses relevant to nature con-
servation and landscape ecological issues. Digital proces-
sing and geo-referencing provide the basis for a
quantitative analysis of land-use development and the
superimposition of the data with any other geo-referenced
data layers in the same projection. It was also found that
suitable structural parameters can serve functionally
orientated landscape assessment of rural areas.
Case study 2: the development of urban regions

Under the EU-financed projects MURBANDY and
MOLAND,4 the investigation of the long-term develop-
ment of urban regions was commenced at IOER together
with the Joint Research Centre based in Ispra (Italy). This
work is currently being continued as part of a long-term
monitoring project in which the development of land use
and urban structures in Dresden between 1780 and 1998 is
being studied.5 The project includes designing and carrying
out a survey of land-use changes over a long period,
4Monitoring Urban Dynamics and Monitoring Land Use Dynamics.
5This case study was carried out as part of a diploma thesis (Neumann,

2002).
analysing the findings and then assessing the cumulative
environmental impact. The land-use data compiled
will then be used to conclude indicators representing
multi-temporal usage and structural changes so that they
may be compared. This instrument for the long-term
observation of changes to spatial structures is designed to
improve the control of measures that change spatial
structures in highly dynamic urban and peri-urban areas
(Neumann, 2002).
The study area comprises the urban area of Dresden, the

capital of Saxony of about 500,000 inhabitants, and its
surroundings in the form of a circle with a radius of 20 km
(about 1250 km2). The procedure is based on that of Case
study 1, albeit with the inclusion of additional data from
remote sensing. The eight time states are based on the
following data: 1998—IRS-1C satellite images; 1986—
SPOT-PAN satellite images; 1968—CORONA satellite
images; 1953—aerial photographs; 1940—survey maps;
1900—survey maps; 1880—equidistant maps; 1780—Saxon
mile sheets. Digital processing for the 1998 time segment
was based on ATKIS data compiled by the Saxon Regional
Department of Surveying and updated using remote
sensing data by visual superimposition. The digital data
layer resulting was adapted back to the previous time
segments by editing. A special MURBANDY-MOLAND
mapping key (based on CORINE land cover 1994) ensures
that the findings are comparable with the results of other
European projects. Owing to the scale used, the minimum
size of the objects captured is about 1 ha in urban areas and
3 ha in the surrounding open spaces.
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The extensive findings on land-use development for the
urban region of Dresden (Meinel and Neumann, 2003)
have been visualised in the form of maps and diagrams.
They clearly show the dynamic growth of built-up areas
over the past 220 years and depict the processes of growth
and suburbanisation taking place, mostly after the political
change 1990 because during socialist times Eastern Ger-
man cities were, for all practical purposes, ignorant of
urban sprawl (Haase and Nuissl, 2005; Fig. 5). In addition,
spatio-structural indexes denoting the development of
built-up areas have been studied and evaluated. It was
found that the degree of urbanisation increased from 4% in
1780 to 25% in 1998. In addition, the degrees of jaggedness
and compactness were examined (Thinh et al., 2000). The
Fig. 5. Development of the built-up ar
degree of jaggedness describes the external compactness of
a patch of built-up land. Although it is calculated in the
same way as the shape index, this indicator is related not to
individual areas but instead to land patterns. The degree of
compactness of a built-up area depends on the ratio
between the size of the individual areas and the space
between them as well as the resulting spatial interaction
between the individual settlement clusters. This revealed
that the initially compact settlement developed in an
increasingly dispersive fashion owing to decentralised
development. This is shown by the rapid decrease in the
degree of compactness and the growing fragmentation as
the total settlement area increased (Fig. 6). In addition, the
structure of new settlement areas at the urban fringe was
ea of Dresden and area 1780–1998.
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Fig. 6. Development of fragmentation and compactness in the built-up area of Dresden and area 1880–1998.
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characterised, with the integration of newly built-up areas
into the existing settlement structure being analysed. The
information obtained provides qualitative findings on the
reshaping of open spaces owing to the growth of settlement
areas.

Other analyses tackled the development of roads, the
consumption of fertile arable and riparian land by
construction, and the link between the development of
built-up areas and population development. Distance and
accessibility analyses are planned, as is the determination
of degrees of land surfacing and densities. All these
investigations (which can be carried out relatively simply
thanks to the GIS-based processing of the existing digital
data layers) enable local historical development to be
analysed.
7The water balance model (German: Abflussbildungsmodell) ABIMO is

a deterministic model which uses the Bagrov equation to calculate total

run-off (R) actual evapo-transpiration ETa depending on precipitation
Case study 3: landscape change and functionality on the

outskirts of Leipzig—using the example of Taucha

The third case study concerns the dynamics of land-use
changes in the catchment area of the River Saale, which has
an area of about 23,000 km2 (Steinhardt and Volk, 2002).
Dynamic and less dynamic regions are to be filtered out
and the conflict areas resulting are then to be described.6

For this purpose three test areas (Taucha in the sandy loess
area near Leipzig, Querfurter Platte, an area of intensively
used agricultural land around Querfurt, and Oelsnitz in the
mountainous Vogtland; Fig. 1) with different natural
characteristics and usage intensity were examined regard-
6Cf. UFZ Joint Research Project 2.1: ‘‘Integrated River Management

Using the Example of the Saale’’—http://www.hdg.ufz.de/saale/.
ing changes to land use. The approach taken by the authors
from UFZ’s Department of Applied Landscape Ecology
involves the parameter ‘land use’ being included in the
modelling of selected landscape functions, which in this
manner can also be described for historical periods at
different scales (Fig. 7, Bouma et al., 1998).
Land use was digitised on the basis of geo-referenced

topographic maps (1879—equidistant map; 1927—survey
map; 1997—TK25 N). Once the main usage classes had
been decided, the statistical analysis of spatial land-use
change was carried out (Fig. 8), the landscape function of
groundwater recharge was modelled using ABIMO (Glugla
and Fürtig, 1997, Eqs, (1) and (2); Röder, 1992, 1999,
Eq. (3); QD ¼ surface run-off).7

R ¼ Po� ETa6;7; (1)

dETa

dPo
¼ 1�

ETa

ETp

� �n

, (2)

QD ¼ ðPo� ETaÞ � p=100. (3)

The runoff regulation capacity and resistance to water
erosion were determined by empirical estimation models as
described by Marks et al. (1992; Fig. 7, Eq. (4))8.

Ao ¼ fðR; S; L; Su; FCÞ. (4)
(Po) soil type, land use, and the degree of land surfacing and canalisation.
8R ¼ relief index, S ¼ grain size, L ¼ land use, Su ¼ percentage land

surfacing, FC ¼ field capacity.
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Fig. 7. The links between land use, usage change and agricultural regulatory functions, as well as models for identifying these links.7

Fig. 8. Spatial distribution of main types of use for the time states 1879, 1927 and 1997 for the Taucha study area (1:25,000).
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Below, the findings are shown for the Taucha study area.
Taucha has been characterised by residential and commer-
cial suburbanisation since 1990 (owing to its proximity to
the city of Leipzig) as well as by intensive agrarian usage
for centuries (Fig. 8). The increase in residential and
commercial built-up development has resulted in the runoff
regulation capacity of the surface becoming extremely
limited. The high proportion of surfaced land and low
infiltration capacity mean these areas have high surface
runoff (AO). However, the areas of gardening land in
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residential estates have medium runoff regulation levels,
since a smaller proportion of land is paved over (Collin and
Melloul, 2003; Haase et al., 2003; Haase and Volk, 2002).

Runoff regulation capacity in open spaces closely
depends on the degree of cover, and may be very high
under a forest but much lower on grasslands. In areas of
open land, soil and relief characteristics determine run-off
regulation: loamy areas (such as the Parthe floodplain with
a groundwater tableo2m) have a medium runoff regula-
tion capacity, whereas drainage is much higher outside the
floodplain. Around the terminal moraine ridges with sandy
soils and a groundwater table of more than 2m, the runoff
regulation is far better.

The runoff regulation capacity calculated for the periods
since 1879 indicates that it has been extremely reduced in
newly surfaced areas (owing to the expansion of built-up
areas). This applies to 14% of the entire area (principally
arable land) between 1879 and 1997. Paved areas of high
runoff regulation can reduce the infiltration capacity and
hence the runoff regulation of the surrounding areas once
the soil’s saturation level has been exceeded (Mannsfeld
and Richter, 1995). A medium to high increase in the
runoff regulation capacity is apparent in areas created by
mining (including lakes) and in reforestation districts,
although they do not reach the same proportion of areas
characterised by decreases. Therefore, the runoff regulation
capacity in Taucha declined between 1879 and 1997
considerably (Haase et al., 2003).

The recharge of new groundwater resources must be
regarded in this connection. In contrast, the proportion of
areas with very high groundwater recharge rates increased
between 1879 and 1997 in favour of areas of lower recharge
rates. For example, the land to the west of Taucha, which is
mostly used for agriculture, harbours very high ground-
water recharge rates, since the silty, sandy soil where the
influence of relief can almost be ruled out (inclination up to
21) is good for soil infiltration and percolation.

Similar to the runoff regulation capacity, surfacing and
the resulting higher surface runoff reduce the quantity of
drainage water and hence groundwater recharge (built-up
areas: 1–75mm/a recharge). The calculated increase in
surfaced area in the study area indicates an increase in the
proportion of land cover with lower groundwater recharge
rates (Table 3). If the increase in land surfacing continues
in the future, groundwater recharge can be assumed to
decrease (Dosch and Beckmann, 1999, p. 302).
Table 3

Calculated groundwater recharge rates (mm) for the Taucha area fort he time

Year Ground water recharge rate (mm)

1–25 26–50 51–75

1879 9 8 18

1927 9 9 19

1997 10 12 23

Source: Haase et al. (2003); Walz et al. (2004).
An increase in surface runoff in the long-term would
mean a shortened water cycle and water retention in the
system and thus a general decrease of filter performance. In
depressions and floodplains, the increased water surface
runoff could contribute to the flood risk in the respective
settlement areas in cases of smaller floods up to a
recurrence interval of 40 years.

Case study 4: multifunctional areas: how can studying

landscape change help solve conflicts?

Owing to the functional overlaps in the landscape,
conflicts may arise between individual landscape functions
with respect to the optimum performance of these
functions (Frede et al., 2002). Instead of being the result
of current processes and situations, the thrust of this
argument is that they have become exacerbated over the
past 100 years.
The discussion below only concerns the landscape

functions of runoff regulation (A), groundwater recharge
(G), erosion resistance (E) and the buffer capacity of the
soil (Haase and Volk, 2002; Walz et al., 2004). Overlaps
with other functions such as other pedological and
hydrological sub-functions are neglected. Current social-
economic requirements and their relevance to the produc-
tion and recreation function are considered. Land use
classes which allow the respective landscape function to act
in the best way possible are used to highlight conflicts
between landscape regulation functions (Emmerling and
Udelhoven, 2002; Fig. 9).
Using the example of the test area of Oelsnitz in the

mountainous Vogtland region (uplands, Fig. 1), where soil
acidification partially occurs, the multifunctionality of
areas is revealed to be another aspect of investigations
into historical land-use change. Below, ‘multifunctionality’
is used to refer to the overlapping and competing of
different landscape functions (e.g. production and regula-
tion; Brandt, 2000). Different importance is attached to the
functions depending on how relevant they are to society.
Processing the data on historical and current land use

and modelling the landscape functions were performed as
for Taucha in Case study 3. Groundwater recharge was
modelled as described by Dörhöfer and Josopait (1980)
(Eq. (5), N ¼ precipitation, ET ¼ evapo-transpiration,
A ¼ surface run-off, Au ¼ total run-off). Land use data
were taken from 1890, 1943, 1988 and 1996 to examine
segments 1879, 1927 und 1997

76–100 101–150 151–200 201–250

17 35 13 0

17 31 14 1

21 24 8 0
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Fig. 9. Spatial specification of proportions of land on which the selected regulatory functions are opposed to each other.
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changes over time.

1�
N � 312; 5� ðET � 25Þ

A=Au � 50
. (5)

The results of the interference analysis carried out for the
period of current land use and the statistical evaluation of
the functional overlaps resulted in a total of 10 different
overlaps of between two and four landscape functions
(Fig. 9). The performance, interactions and contrariness of
individual functions were taken into account.

Overlaps between high performances of the runoff
regulation function with resistance to water erosion affected
nearly 3% of the land, while overlaps of the runoff
regulation and buffer functions affected another 3%. Areas
with high groundwater recharge rates overlap with areas of
high runoff regulation capacity (604 ha, about 5% of the
total area), making up the largest share of the total area,
although the scale of interference by the groundwater
function with the buffer function is comparable.
The superimposed areas in Fig. 9 are based on analyses

of landscape functions (cf. Fig. 7), and recommendations
for land-use changes are discussed below. Whenever the
performance of runoff regulation is limited in upland areas
such as Oelsnitz, improving the regulation of runoff peaks
needs to be given top priority. This is clear from the
extreme flooding at Zschopau, Striegis, Weisseritz and
Müglitz in August 2002 during the Elbe flood. In addition,
increased susceptibility to erosion is likely, and so in this
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conflict the most important issue is clearly to boost runoff
regulation (by raising the proportion of drainage).

Conflicts also arise when areas with a high risk of soil
erosion and low buffer capacity, partly due to homo-
geneous coniferous forests, overlap. The areas in the
south–east of the study area have mostly been reforested
for 100 years. Some of these areas have a soil slope gradient
exceeding 7.51, making any other type of land use
unsuitable. When changing the land use would reduce the
resistance to erosion, more importance must be attached to
the resistance function against water erosion than to other
functions, as soil losses are practically irreversible. The
performance of the buffer function could be improved by
altering the make-up of the forest.

When areas with a limited buffer capacity overlap with
land with a high groundwater recharge function, the
quality of the groundwater is at risk of being impaired by
the input of acids and heavy metals. Acidification alone has
already reduced the quality of the drinking water in the
study area. Measures such as liming and changing forest
make-up by planting deciduous trees could raise the buffer
capacity. However, more importantly, measures to prevent
or at least reduce emissions of pollutants over a large area
should be taken in order to deal with the root of the
problem.

On areas with a limited runoff regulation and erosion
resistance function, preference should be given to usage
types such as grassland and forest. Changes of this type
could have a positive impact on runoff events of the type
occurring in August 2002. Indeed, back in 1997 Meyer
(1997) described a scenario of this type based on the
increased precipitation intensity in spring. If the ground is
not yet completely covered by vegetation through the
cultivation of maize, sunflowers and beets, these events
will cause higher soil erosion and surface runoff. The
devastating flooding in August 2002 was attributable
to similar causes. The expansion of built-up areas and
river engineering (e.g. embankment, canalisation) near
rivers’ sources since 1880 (Walz et al., 2004) meant that
natural inundation regions had been sealed, resulting in
fewer and fewer areas with a high runoff regulation
capacity in the uplands. In regions of low mountains in
particular, the valleys are popular settlement areas owing
to the natural conditions, and so land surfacing and the
canalisation of rivers are especially widespread. Flood
protection could be boosted by not building on former
retention areas and converting existing arable land into
flooding zones and grassland. The designation of new
building land in possible retention areas should be critically
reviewed, especially from the angle of the water surface
run-off.

Discussion and conclusions

The case studies presented here portray the development
of land use and how its structure has changed in various
types of Central European cultural landscapes such as
urban and rural ones, floodplain and mountain situations.
The methods developed enabled an extensive database to
be created which was then used to analyse how usage has
changed and how these changes affect selected structures,
functions and potentials of landscapes. Regarding the
methodology used in historical landscape analysis, the
following conclusions with respect to spatial land use
planning can be drawn:
�
 Historical maps can be integrated into a GIS with
sufficient accuracy. As a result, the development of land
use can be shown quantitatively over a period of more
than 200 years. Statistics can then be compiled on the
development of the proportions of linear elements and
areas of certain usage types so that the interpretation of
landscape development can be quantitatively substan-
tiated.

�
 The structural changes between landscapes past and

present can be quantified by means of indices. This
makes a contribution to a functionally orientated
assessment of landscape development. By contrast,
simple analysis of the proportions of land used for
certain purposes sheds light on the possible functional
relationships in the abiotic antibiotic landscape balance
(Berger and Walz, 2004).

�
 Taking into account landscape functions in assessment

brings home how important it is to consider the ‘loss’ of
not only land in the meaning of total area but also
resources and landscape functionality (Krönert et al.,
2001; Walz, 2005a).

�
 Finally, the quantification of long-term land use change

and its environmental impact enables us to reduce the
existing uncertainty to predict future landscape change
in land use change or biophysical models.

Currently, the most serious processes of landscape
change with a considerable environmental impact are
extensive development caused by processes of urbanisation,
especially urban sprawl, the fragmentation of landscapes
by infrastructure development which finally leads to a
decline of large continuous habitat patches (Kühn et al.,
2004), and changes to the structure of farmland. Simulta-
neously, current land abandonment due to shrinkage will
lead to land use changes in the form of extensive
development and thus offers new chances for re-naturation
or ‘‘ecologicalisation’’. For example, one result of the
further liberalisation of farming is that agriculture is
withdrawing from areas whose suitability for cultivation
is limited (owing to relief, soil and climate conditions as
well as farm sizes, etc). On the other hand, the intensity of
farming is increasing on land which is more suitable for
cultivation (high productive soil regions such as the Loess
regions of Europe). However, the authors are aware of the
fact that the historical and current development of cultural
landscapes described here has a high relevance for many
other regions of Europe, but at the same time there exist
also contrarian trends that shape landscapes such as field
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aggregation due to the socialist agricultural policies in
Central Eastern Europe.

As far as the development of land for human settlement
is concerned, regional decline and shrinkage processes
caused by the declining population and the resulting
derelict residential and commercial sites contrasts with
strong growth and urban expansion in other regions
(Stanbeck, 1991; Nuissl and Rink, 2005). These processes
will result in sharp changes to the cultural landscape
throughout Europe. Sustained usage pressure opens up a
whole range of developmental options for the conversion
of abandoned sites. Unused land could, for example, be left
fallow and left to natural succession of vegetation
(‘‘ecologicalisation’’), reforested, or used for nature con-
servation or countryside protection.

Nevertheless, open and unsealed spaces are still in
danger of being paved in the near future and the tendency
of land use intensification will continue, even in shrinking
or declining landscapes. These processes will not be limited
to agglomeration areas because land and open space are
not unaffordable goods and available for land uses such as
housing and industry. But as far as the development of
cultural landscapes is concerned, attention must be paid to
ensuring that the functionality of landscapes is sustainably
maintained and landscape planning has to meet the specific
requirements of a multifunctional land use in our cultural
landscape. For landscape planners and regional planning
authorities, the conclusions presented here should facilitate
them to acquire better awareness of the importance of
historical knowledge and material available for current and
future shaping of the landscape. The paper does not intend
to give concrete decision support for planners because of
the multitude of pattern and processes and of landscapes in
general. However, taking into consideration the history
and the changes derived thereby would be a large step
forward for landscape planning in many parts of Europe
(German Soil and Nature Protection Act 1998, 2002; Kühn
et al., 2004).

The intent of this paper has been that, since intensive
land utilisation has a long tradition in Central Europe, we
must recognise what kind of changes are occurring within
recent history and calculate this into the budget of future
landscape development.
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Bewertung der Landschaft. Spektrum, Heidelberg 564pp.

Bastian, O., Steinhardt, U. (Eds.), 2002. Development and Perspectives of

Landscape Ecology. Kluwer Academic Publishers, Dordrecht, Boston,

London 498pp.

BBR, 2002. Ministry of Construction and Spatial Development.

Information on land use and land cover chnage at: http://www.

urban21.de/raumordnung/siedlung/veraenderung.htm

Bell, K.P., Irwin, E.G., 2003. Spatially explicit micro-level modelling of

land use change at the rural–urban interface. Agricultural Economics

27, 217–232.

Berger, A., Walz, U., 2004. LandschaftsmaXe für eine Langzeituntersu-
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Glugla, G., Fürtig, G., 1997. Dokumentation zur Anwendung des

Rechenprogrammes ABIMO. Bundesanstalt für Gewässerkunde,
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Landschaftsfunktionen—Methoden und Indizes. In: Wittman, J.,

Nguyen, X.T. (Eds.), [Hrsg.]: Simulation in Umwelt-und Geowis-

senschaften. Workshop Dresden 2005, vol. 91. ASIM-Mitteilungen

AMB, Aachen, pp. 23–33.

Walz, U., 2005b. Landschaftszerschneidung in Grenzräumen Sachsen und
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Abstract

Floodplains are among the natural areas in central Europe which—depending on the formative power of flowing water—
possess a high natural potential for the regulation of water and matter flows. Many floodplains and urban development share
a long common history in central Europe. Numerous, sharply varying historical views exist on how to distinguish European
floodplains. Therefore, the aim of this paper is to examine relevant indicators such as floodloam expansion, groundwater table,
relief and land use to see how useful they are for characterising current floodplain functionality in urban areas and to ‘flesh
them out’ for a case study.
© 2003 Elsevier Science B.V. All rights reserved.

Keywords:Holocene floodplains; Natural potential; Cohesive soils; Urban floodplains

1. Introduction: urban floodplains—are we left
with but the remnants?

Floodplains are among the natural areas in central
Europe which—depending on the formative power of
flowing water (Galluser and Schenker, 1992)—possess
a high natural potential for the regulation of water and
matter flows. Owing to their low position and their
frequently cohesive soils with a strong filtering effect,
floodplains are able to retain sentiments (physically)
and pollutants (chemically) (Haase and Schneider,
2001), and to buffer them for long periods of time.
In addition, floodplains and in particular floodplain
forests are habitats which owing to their nutrient po-
tential and favourable hydrological conditions feature

∗ Tel.: +49-341-235-2041; fax:+49-341-235-2511.
E-mail address:haase@alok.ufz.de (D. Haase).

high biodiversity (Wohlgemuth et al., 2002;Büttner,
2000; Berkemeier and Loose, 1997), giving them a
high status when it comes to landscape protection and
nature conservation (Haase and Neumeister, 2001).

Floodplains and urban development share a long
common history in central Europe since many urban
settlements were built on large and small receiving
streams (Galluser and Schenker, 1992;Deutsch et al.,
2000). After the Pleistocene glaciers and deposits, it
is above all the ‘geological factor’ mankind which
has decisively shaped the development of central Eu-
ropean floodplains over the past 6000 years or so:
forest clearance in catchment areas led to large-scale
soil erosion as well as a number of cycles of meadow
loam sedimentation, sometimes several metres thick
(Fuhrmann, 1999;Müller and Zäumer, 1992).

Timber exploitation and fishing were practised
in floodplain areas alongside rafting and livestock

0169-2046/$20.00 © 2003 Elsevier Science B.V. All rights reserved.
doi:10.1016/S0169-2046(03)00071-9
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grazing on the moist floodplain meadows. As set-
tlements developed beside rivers and/or their flood-
plains, important roads were built, such as e.g. the
Via Regia and Via Imperii, which crossed in Leipzig.
Inexorable urban development led to extensive hy-
draulic engineering schemes such as dike construction
and river regulation, especially in the second half of
the 19th century, serving not only water supply and
sewage disposal (such as the construction of sewage
treatment plants) but also flood protection (StUFA,
2002;Lazowski, 2001). These processes were exacer-
bated in the 20th century by industrialisation, which
was accompanied by the emission of pollutants such
as heavy metals and nitrogen oxide and led to acid
rain. These developments sharply changed the natural
structures and processes in the floodplains (Haase,
1999). Many central European floodplains exposed
to urban influence began drying up on a large scale,
nullifying their natural retention function and even
threatening their vegetation. As a result, only rem-
nants remain of the floodplains’ original natural con-
ditions in urban areas (Müller and Zäumer, 1992), and
they need to be surveyed, described and protected.

In recent years, floodplains have become increas-
ingly significant for large towns and cities owing
to their recreation potential. ‘Fear’ of unpredictable
rivers (Denzer and Haase, 2000, 2001) is giving way
to growing interest in quasi-natural living situations,
recreation in the ‘great outdoors’, and a healthy envi-
ronment in general and in urban areas in particular.
At the same time, the retention areas of the flood-
plains which have remained are threatened by the
input of pollutants, land surfacing pressure and the
general expansion of the (sub)urban area—perhaps
now more than ever before, taking into consideration
the disastrous floods in Central Germany in August
2002. There it became clear, that missing retention
space for rivers in urban areas can lead in a very short
time to enormous material, and mental consequences
as well as to an ecological disaster.

2. Problem outline; aims

This all begs the question as to what has be-
come of the natural areas and structures typical of
floodplains in urban settings. What sections of river
valleys in urban and suburban areas can still be de-

scribed as ‘floodplains’? What criteria can be used
to identify floodplains in urban areas and to distin-
guish them from their surrounding? Is the traditional
geo-scientific identification of floodplains using the
distribution of floodplain loam or the current depth
of the water table still relevant in densely popu-
lated spaces? This last question, which also touches
on the current management of areas referred to as
‘floodplains’ or ‘floodplain-typical’ in (or despite
their location in) towns, is especially important.

Numerous, sharply varying historical views exist
on how to distinguish European floodplains (Zeese,
1997; Deutsch, 1997;Munzar, 2000). Most of them
are geared towards the author’s own particular field
and the question tackled by him or her, making them
difficult to generalise. Indicators such as the water
balance of the soil cover (Bock and Gramatte, 2000)
or the hydrological conditions do indeed decisively
characterise a functioning floodplain (Table 1). Yet
little is known about the specifics of these indicators
in general and in urban areas in particular, and an
assessment of the materials of the German Association
of Water Management (DVWK, 1998) inBock and
Gramatte (2000)shows: “. . . that the current level of
knowledge about the water and substance balance of
floodplains (above all in urban areas—author’s note)
still contains large gaps” (p. 40).

Therefore, the aim of this paper is to examine rele-
vant indicators to see how useful they are for charac-
terising floodplain functionality in urban areas and to
‘flesh them out’ for a case study.

3. Case study: Leipzig’s floodplains and their
development

For many years the floodplains in Leipzig have been
the subject of research of various disciplines in the
geosciences. Nevertheless, distinguishing floodplains
is an extremely difficult, integrative problem which
has so far been solved in many different ways in differ-
ent publications (e.g.Klimo and Hager, 2000;Hager
and Schume, 1998). Floodplain ecosystems in central
Europe have been subject to anthropogenic influence
for over 1000 years. River engineering works were es-
pecially intensive in the area of Leipzig in the 19th and
20th centuries. The objective was usually to ‘tame’
rivers and to intensify land use in the floodplain flats.
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Table 1
Landscape functions south of Leipzig and how they have been changed by intensive opencast mining (Haase, 2001, partly based on a
description bySchreiber, 1994)

Landscape function Prior to urban influence Current state

Basic function for
plant growth and
farming (including
yield function)

Loess substratum, well buffered soil system with
meadow loam on Pleistocene and Holocene
gravels/sands in valley floodplains

Soils partly damaged by loam extraction, mining,
land surfacing and backfilling; partly still
relatively natural state

Physicochemical
filtering and
regulation function

Functional units of open land and forest with
floodplains subject to frequent flooding; high
interception by forestland, trees have bioclimatic
exchange function, loamy soils have
physicochemical sorption function for runoff and
pollutants; low soil erosion beneath forestland

Almost complete disappearance of floodplains in
part of the city owing to construction; impeded
system of running water disconnected from
floodplains; low interception due to decimation of
floodplain forest in urban and mining areas

Landscape structure
barrier function

Partly still functioning running water system
comprising flood-plains with slow stretches and
hence structural barrier function for particulate
and solute transport; forest stands act as another
structural component for barrier effects and wind
protection

Owing to deforestation and the blockage of the
receiving waters White Elster, Luppe, Pleisse and
Parthe, these structural barrier functions have been
almost completely destroyed in the
moraine–floodplain landscape system

Recreation function Walking and cycling popular in the floodplain
landscapes of receiving water; problems due to
periodic and episodic flooding, almost no areas
suitable for swimming or boating

Walking and cycling in the floodplain landscapes
of receiving water; new housing estates near
floodplains, boating; the area south of Leipzig is a
huge reservoir of potential recreation land with
over 70 km2 of new lakes emerging, space for
modern leisure sports and reserves for aquatic
flora and fauna; action tourism to industrial
monuments and mining history

In addition, lignite mining south of Leipzig destroyed
large sections of the floodplains (Fig. 2). The sensitive
floodplain ecosystems have hence been increasingly
removed from their natural milieu over the past 1000
years. Compared to their surroundings, Leipzig’s
floodplain forests have a modified climate with an im-

Figs. 1 and 2. Two aspects of urban floodplains of the Elster and Pleisse in Leipzig: broad-leaved garlic in the hardwood (Querco-Carpinetum)
woodlands and the new Lake Cospuden in the middle of the former floodplain of the White Elster and the Batschke.

portant bioclimatic regulatory function (Fig. 1). The
phenomenon of the urban heat island is especially
conspicuous. Thermo-isopleth graphs (Richter and
Gutte, 2001;Richter et al., 1999) of inner-city areas
and the surrounding district show positive anoma-
lies sometimes exceeding 10 K, and which are most
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Fig. 3. The position of Leipzig and its floodplains, shown using the 1994 biotope type map for Leipzig.

intensive in the summer months during autochthonous
radiant weather. The climatologic normal values fea-
ture remarkable gradients between town and the sur-
rounding district in the number of frost days, hot and
summer days, which occur much (if not very much)
more frequently than in forestland (Figs. 1–3).

4. Methodological approach and databases

The method described here is based on the defi-
nitions and typical aspects of ‘floodplains’ as natu-
ral systems. Floodplains are usually identified by the
distribution of meadow loam and floodplain sands as
well as floodplain gravel, and are defined as flat valley
areas, wetlands, floodplain vegetation areas and flood
areas. The identification of floodplains depends on
the classification used (e.g. according toLeser, 1995;
Schenker, 1992); they may be:

• The deepest flat sections of a river valley which is
temporarily flooded during high water.

• Valley floors which are subject to floodwater influ-
ence and where (assuming the occurrence of loess

in the catchment area) fluvial sediment, flood loam
and meadow loam are distributed.

• Areas featuring typical vegetation such as softwood
and hardwood floodplain forests and wetlands, and
whose vegetation is adapted to periodically fluctu-
ating groundwater.

• Areas with a pronounced wet regime (Koch,
2000).

Using various criteria, spatial indicators are to be
developed. Afterwards, the areas identified by these
criteria as floodplains will be considered in more de-
tail. The digital processing of the individual indicators
to create ‘data layers’ on a geographic information
system (Erdas Imagine, Arc-Info, Arc-View) and
linking vectors to databases enable the integrative
depiction of Holocene floodplain areas and also com-
parison with current and future aerial and satellite
image data (Fig. 4).

Analogous data on the geology, groundwater lev-
els and sediment distribution, and digital data on land
cover were scanned, georeferenced or read in and pro-
cessed to produce combined data layers. The data from
the attribute tables and databases were parameterised,
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Fig. 4. The methodological approach taken in data processing and
the production of difference maps illustrating floodplain spread
indicators.

aggregated and classified. The groundwater surface in
the floodplain areas in Leipzig was modelled using re-
lief data from topographic maps and analogue point
data recording historical and current groundwater lev-
els (Fig. 4).

Fig. 5. Depiction of Leipzig’s floodplains according to various sources (Neumeister, 1964, 1:200,000 soil survey map, and a 200 m×200 m
terrain model).

5. Results

There are many different spatial depictions of
Leipzig’s floodplains, such as byNeumeister (1964)
and others using digital data (Fig. 5).Neumeister
(1964) identifies Leipzig’s floodplains using the dis-
tribution of meadow loam and also describes land
usage. However, many of the floodplain areas he men-
tioned no longer exist as open land with a floodplain
character or as retention areas in the functional sense.
In addition, changes caused by mining over the past
century south of Leipzig require new studies to be
carried out of the problems of floodplains and iden-
tifying the areas of the floodplains in Leipzig which
are still ‘active’ as such. Even digital soil and relief
data as well as land use data (CORINE land cover
1994 and the 1994 urban biotope type map) only give
a rough depiction of floodplain spread in connection
with sediment and simple surface cover (Fig. 5).

The distribution of floodloamas well as of typical
river gravel and sand sediment beneath it are the natu-
ral historical indicators of floodplains. Meadow loam
characterises the maximum extent of flooding and lim-
its the historical area of fluvial influence (Jäger, 1962;
Neumeister, 1964). By contrast,Fuhrmann (1999)at-
tributed the emergence of flood loam to climatic fluc-
tuations in the Holocene irrespective of anthropogenic
influence: “. . . the asynchronous nature of flood loam
sedimentation phases and phases of increasing agri-
cultural land use means that meadow loam cannot be
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a sediment caused by cultivation. . . ” (p. 35). How-
ever, all the authors mentioned refer in connection to
the spread of floodplains to the extent of flood loam
and meadow loam.

Under natural conditions, the distribution of
meadow loam is the best way of distinguishing a
Holocene floodplain north of a loessy area and char-
acterising its functionality. The fluvially accumulated
sediment describes the maximum area covered by
the river during flooding and hence also indicates the
area subject to fluvial influence, i.e. the Holocene
floodplain. In central Europe, floodplain loam forma-
tion mainly occurred in the Atlantic (older floodplain
loam) and the Sub-Atlantic (Middle Ages; more re-
cent floodplain loam), and documents the area covered
by floodplains at this time (Jäger, 1962).

However, this geological-sedimentological ap-
proach established in the geosciences is difficult to fol-
low in the urban agglomerations and urban-suburban
areas which increasingly determine major floodplain
areas of large rivers in central Europe, including in
central Germany (such as the Elbe in Dresden or
Magdeburg which have been heavily effected by the
disastrous floods in August 2002, the White Elster in
Leipzig, and the Oder in Frankfurt which was effected
by floods in 1997). Anthropogenic river blockage
and damming have been especially responsible for
preventing further flooding and hence the sedimen-
tation of new floodplain loam. Similarly, the loamy
floodplain soils used by mankind are subject to sharp
change, such that “. . .areas where the water bal-
ance has been exposed to considerable intervention
(can) no longer (perform) the functions of flood-
plains within the landscape function. . . ” (Bock and
Gramatte, 2000, p. 40).

The distribution of meadow loam in Leipzig’s
floodplains was vectorised using the 1:50,000 geo-
logical map (Fig. 6). Meadow loam occurs in large
sections of Leipzig, including in areas which have
been built over and surfaced such as the historical
city centre and inflows of the Elster-Luppe flood-
plain itself. Boroughs like Schleussig and Leutzsch
were almost completely built on meadow loam. In
these areas, the high proportion of land surfacing
has completely nullified the ecological functions of
floodplains such as retention and acting as a pollutant
sink. Rain simply flows off the surface and transports
pollutants into the receiving water. It is particularly

striking that meadow loam is found in the area of
small receiving watercourses, indicating that during
the Holocene extensive flooding took place. Hence,
the meadow loam and the floodplain soils formed
from it (fluvisols, gleyic fluvisols) indicate natural
and ‘historical’ floodplains in the city, but not anthro-
pogenically influenced Holocene floodplains.

Relief has also been studied as a morphological
indicator. The naturallyflat areasand the‘5 m above
the river level’ isohypsehave been mapped. Un-
der natural conditions, these areas correspond to the
meadow loam distribution area (Fig. 7). The spread
of floodplain-typical relief in the urban area hardly
differs from that of meadow loam. Human interven-
tion has only changed the mesorelief on the edge
of floodplains locally. For a long time, urban devel-
opment took place on the areas of base moraine on
the edge of floodplains. Within the floodplains, how-
ever, the relief was intensively altered by construction
development as of the start of industrialisation, es-
pecially above-ground dumps and flood protection
dams. The countless embankments and dykes in the
floodplain area have not been mapped and so could
not be included in the digital relief map.

The floodplains south of Leipzig have been rav-
aged and in some cases completely destroyed over
the past 50 years by lignite mining (Fig. 7). Whereas
older descriptions already include large-scale excava-
tion, Figs. 6 and 7clearly show the interruption of the
‘floodplain’ countryside resulting from the vast expan-
sion of opencast mines.

The depth of the water tableis an ideal parameter
for describing the wetland milieu or hydroregime of
fluvial plains.Büttner (2000)modelled this parameter
for 1991 and 1995 for the area of the Elster–Luppe
floodplain in Leipzig near the city centre.Koch (2000)
empirically calculated the criterion for a floodplain
milieu to be<2 m.

Natural floodplains are characterised by a small
water table depth and a pronounced annual course.
Whereas the depth is relatively small (>1 m) in the
summer months, especially in hardwood floodplains,
in spring the water sometimes rises above the surface
and depressions in the floodplain are flooded by infil-
tration water (Koch, 2000). During this spring flood-
ing phase, vertical and lateral exchange and dilution
processes occur in the floodplain soils and sediments
which do not take place when floodplains become
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Fig. 6. Demarcation of areas covered by meadow loam (geological indicator) in the urban area of Leipzig (cf.Koch et al., 2001).

dryer. Drainage and the disconnection of small bod-
ies of water from active running water have deprived
floodplains of their natural filtering and buffer func-
tion (Schreiber, 1994).

Urban development and extensive water engineer-
ing schemes as well as lignite mining in more recent
times have altered the natural hydrological conditions
of Leipzig’s floodplains both directly and indirectly.
In floodplain landscapes, the water balance is of par-
ticular significance since the floodplain forests and
also the soil and fauna are closely connected to it.

Urban expansion into the floodplain areas, the diver-
sion of entire sections of rivers and lignite mining have
all resulted in the water table dropping considerably.
The change to the depth of the water table between
1984 and 1995 is shown below using modelling for
the floodplain area in Leipzig. Particular attention is
attached to data processing in a GIS as well as to the
visible rise in the water table just five years following
German reunification in 1990 and three years af-
ter Cospuden opencast mine was closed down. The
surface of the groundwater below sea level was
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Fig. 7. Demarcation of the low-lying valley areas (morphological indicator;Koch et al., 2001) compared to the situation of the Pleistocene
terrace in the urban area of Leipzig.

digitally captured for various times on the basis of
hydro-isohypse maps (Governmental Agency for En-
vironment StUFA, Leipzig, 1995). In addition, the
relief of the floodplain landscape from the 1:10,000
topographical map was also included in the GIS. A
dot matrix (spacing: 100 m) and a TIN model (tri-
angulated irregular network) were drawn up on the
basis of the groundwater isopleths. The data from
this TIN model were used to generate a surface
containing the positional relationships (linear inter-

polation, 500 dots) stored in the TIN. The resulting
LATTICE model (surface model) was in turn used
to draw up a coverage which distinguishes intervals
of 0.25 m and hence presents output classes for the
depth of the water table. The result is an interval
map for the groundwater lines in Leipzig. This map
was combined with relief data generated from the
topographical information to produce a map of the
water table depth in the floodplain area of Leipzig
(Fig. 8).
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Fig. 8. Procedure for modelling the water table depth at various times in the area of Leipzig’s floodplains (Büttner et al., 2001).

Fig. 9. Results of modelling the water table depth at two different times in the area of Leipzig’s floodplains; those areas subject to sharp
change are ringed (Büttner et al., 2001).
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Far smaller areas are floodplain-typical in the map
shown inFig. 9. The mining-related drops in the water
table south of Leipzig and also the increased values in
the densely populated city-centre area are especially
apparent. In the north-western floodplains of the Elster
and the Luppe, the wet regime has been preserved in
large areas.

In Fig. 10, theland usedata layer (biotope types
1994, 1:10,000 topographical map and IRS-1C

Fig. 10. Extent of various usages in the area of the Leipzig floodplains and remnants of typical floodplain areas indicated by differential
analysis of the four indicators selected (Koch et al., 2001).

panchromatic sensor satellite image 1998) are com-
bined with the spread of meadow loam. Land use is
classified in five stages rated a priori from ‘floodplain-
typical’ to ‘untypical’ (Table 2).

The typical vegetation of floodplains is the ‘flood-
plain forest’, even if in the case of Leipzig and other
urban floodplain woodlands ‘floodplain forests’ are
not natural forms of woodland anymore but actually
anthropogenically altered forestland. Wetlands are
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Table 2
Classification of land usage shown in the biotope type map based
on ‘floodplain typicality’

Classification Categories of biotope type mapping in
Leipzig

Floodplain-typical Floodplain forest, wetlands
Relatively typical Urban green spaces, parks, sports

ground, cemeteries
Relatively untypical Allotments, farmland, wasteland, other

ruderal and succession areas
Untypical Built-up areas (housing, transport,

trade and industry)

another quasi-natural form of usage occurring in flood-
plains. Amidst the urban sprawl, green spaces, parks,
cemeteries and sports grounds are also included in
the category of relatively floodplain-typical vegetation
since they are often historical amenities which (a) were
laid out in the area of floodplains, and (b) still fea-
ture relicts of the original floodplain woodlands. By
contrast, highly over-fertilised allotments are defined
as untypical (despite their location in the vicinity of
floodplains), as are farmland and built-up areas.

In the core area of Leipzig, urban areas stretch
far into the floodplains (Fig. 10). The central Leipzig
floodplain can no longer be identified using its soil
cover and vegetation or the amount of open space since
the proportion of partly and totally surfaced areas is
too large. The north-western floodplains tend to be
used in a semi-natural manner, although to the south
they are dominated by lignite mining.

The ‘integrative’ depictionof Leipzig’s floodplains
comprises four individual maps in which all the as-
pects presented are digitally combined. The spread of
meadow loam provides the basis for calculations. Re-
lief, water table depth and vegetation are all combined
with the geological indicator.

The extent of the indicator ‘relief’ is cartograph-
ically similar in the Leipzig area to the extent of
meadow loam. Only backfilling with a height exceed-
ing 5 m and a number of areas on the edge of the
floodplains were no longer included in the map after
it had been developed (Fig. 11).

For the ‘vegetation’ indicator in the flood loam dis-
tribution area shown in five classes in the thematic map
in Fig. 10 (Table 2), the classes of floodplain-typical
uses were included in the calculations. Forests, mead-
ows and urban green spaces (owing to the variety in

the core area of the city) were taken into account as
recent floodplain-typical. The water table depth was
only calculated byBüttner (2000)in the immediate
urban area (yellow marking), and so only this area
was included in analysis. The north-western areas on
the edge of the floodplains almost all have values less
than 2 m. Connecting (not calculated) areas are there-
fore correctly shown as ‘floodplain-typical’. Solely in
the south near Zwenkau oak woods is the low water
table depth somewhat doubtful owing to the drop in
the groundwater caused by opencast mining (Fig. 9).

6. Discussion

As can be seen in the difference maps from the su-
perimposition of the four indicator maps inFig. 11,
current land use and cover considerably impede the
functionality of those areas which in terms of geology
and relief can be described as floodplains. Important
regulating processes (filtration, delayed surface runoff,
water storage, etc.) can no longer take place on sur-
faced floodplain areas.

Hydraulic engineering measures mean that spring
floods are restricted to areas between dykes and flood
retention basins. In the city centre and the lignite-
mining district south of Leipzig (Zwenkau–Knauthain)
the floodplains along with their woodlands and open
wetlands are no longer discernible. Discussion of the
study results raises the following questions:

• Will naturally functioning floodplains eventually
disappear in urban areas?

• Can fluvial plains which have only been flooded
a few times over the past century still be called
‘floodplains’?

• How floodplains in urban areas can be considered
as retention areas for floods?

The temporary flooding of floodplains is a generic
criterion. The numerous flood protection schemes
confine this natural process to small dammed in areas
near the main flow path, so that in recent times large
areas of the floodplains have only been flooded dur-
ing extreme flooding. This lack of flooding reduces
the currently active floodplain areas in this respect
to a minimum. Therefore, it makes little sense to
integrate this criterion when the areas are combined,
although this problem must definitely be involved
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Fig. 11. Extent of various usages in the area of the Leipzig floodplains and remnants of typical floodplain areas indicated by differential
analysis of the four indicators selected (Koch et al., 2001).

in the discussion about the floodplains. In addition,
relictic floodplain soil characteristics and meadow
loam distribution indicate earlier water tables which
could serve as a guide for the water tables and wa-
ter levels of rivers and lakes current desirable when
drawing up development and restoration goals for
urban floodplains (Bock and Gramatte, 2000).

Judging by the criteria meadow loam, relief, vege-
tation and water table depth, the floodplains account

for large areas of the Leipzig district. The north-west
of the city can for example be described as relatively
natural. In the core areas, the floodplains have been
ravaged but are still to be seen. The urban green
spaces are important here since they augment and in
some cases replace the natural vegetation. Things are
more difficult regarding the natural soil functions of
the floodplain soils, which have not been restored fol-
lowing backfilling, excavation and surfacing. In many
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areas south of Leipzig, the floodplains have been
completely destroyed by lignite mining, and hardly
any of the valleys of receiving watercourses like the
Parthe and the Zschampert can now be described as
floodplain-typical ecosystems.

Concerning flood retention areas there have to be
re-discussed river embankment and renaturation mea-
sures for the City of Leipzig, although there exist in
form of the new lakes in the former mining area big re-
tention areas collecting floods from the mountains, etc.

7. Outlook

Floodplains and floodplain forests in urban areas
have been made scarce by centuries of human influ-
ence. Their natural functionality as retention areas and
pollutant sinks has in many cases completely disap-
peared which could have disastrous consequences such
as in Central Germany in August 2002 (http://www.
dfd.dlr.de/imageshochwasser/index.html). When the
geochemical milieu conditions change and the soils’
cohesive and buffer capacity is reduced, floodplains
can quickly become sources of pollution (Haase,
1999). On the other hand, floodplains and relicts of
floodplain forests have become important places of
recreation and nature perception for many European
cities (Ward Thompson, 2002;Daniel, 2001).

The recreation function has replaced the production
function of floodplains and floodplain forests in the
Elster–Pleiße–Parthe floodplains in Leipzig discussed
here. “. . . The floodplain forest is a green swathe cut-
ting through the city of Leipzig and the surrounding
rural district. Its countenance has been shaped by many
generations, who have turned this original forest and
marsh landscape into a much-visited green belt. . . ”
(Müller and Zäumer, 1992, p. 55).

Yet the analysis contained here shows that these
green swathes (also sometimes referred to as ‘green
lungs’) in towns and cities are not adequately pro-
tected against land surfacing, blockage and contam-
ination. The usage pressure exerted by inner-city
areas repeatedly prompts discussion over open spaces
(Haase, 2001). Regarding the problem of the develop-
ment of land use by towns and cities,Lichtenberger
(1993) states that for economic reasons the rising
density of built-up areas is regarded as positively
as the increasing usage of undeveloped open spaces

since they are cheap. And this could well prove to be
a vicious circle for relict urban floodplains.

Floodplains and floodplain forests should of course
serve as multifunctional areas: recreation areas for the
urban population as well as a source of information on
relicts of the flora, fauna and morphology of the natural
fluvial landscapes of central Germany (such as in the
case of Leipzig) and central Europe. But they must
not be allowed to deteriorate “. . .into a fairground”
(Müller and Zäumer, 1992, p. 56).
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1. Introduction

Given the complexity of today’s cultural landscapes and their
interactions with local ecosystems, subsequent difficulties arise in
finding the appropriate indicators to assess their functionality.
Floodplain and riparian forests are of major importance for urban
biodiversity in European cities due to the fact that cities have been
located in particular along rivers (Galluser and Schenker, [14_TD$DIFF]1992).

Floodplain forests possess the highest species richness and
productivity and have the most complex horizontal and vertical
structures among temperate forest ecosystems (Bravard et al.,
1986). Furthermore, floodplain forests contribute to flood protec-
tion in the form of retention areas (Sendzimir et al., 1999). During
frequent flooding, water bearing sediments rich in organic matter
and nutrients are deposited in the floodplains. The duration and
depth of flooding (Day et al., 1988; Leyer, 2004) and the
groundwater regimes (Mountford and Chapman, 1993) are
important parameters influencing the species composition in
floodplain forests.

As settlements developed adjacent to rivers and their flood-
plains, important transport links were built which consequently
led to an increase in urbanisation with land being taken along the
banks and even within the floodplains. This was followed by a
respective decrease in the natural and open floodplain space
(Haase, 2003). For example in Europe, the floodplains of the river
Rhine were reduced from primeval 1822 to 353 km2 from 1842 to
1924 (Schnitzler, 1994). The same trend can be observed in the US
where 53% of all wetlands have been lost since the 1780s
(Kauffman et al., 1997). In order to save the growing number of
urban habitats from floods, extensive hydraulic engineering
schemes such as dike construction and river regulations were
put in place, especially in the second half of the 19th century
(Kasperidus et al., 2001; Schanze, 2006). Additionally, many
floodplains were faced with air and water pollution due to the
industrial developments of the 20th century (Haase and Neume-
ister, 2001) as well as the local excavation of the fertile flood loam
for pottery and construction purposes. From the 20th century
onwards many floodplain forests in vicinity to cities more and
more served as recreation area for the urban residents. Today, this
recreation function is of overall importance (a.o. Klimo and Hager,
2000; Haase, 2003).

Hence, it is now very difficult to estimate the extent of the
original floodplain area. Per definition, floodplains are defined as
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flat valley or depression areas that are situated considerably
deeper than their surroundings (Klimo and Hager, 2000). They are
further identified by an accumulation of alluvial sediments such as
floodplain gravel, fluvial sand or flood loam. Flood loam or fluvial
loam is understood here as an [15_TD$DIFF]allochtonely accumulated and [16_TD$DIFF]in situ
modified sandy to silty material resulting from erosion processes
in the up-stream catchment areas. Floodplains possess high
groundwater levels (during long periods of the year) and are
inhabited by wetland and wet-forest plant and fauna communities
(Haase, 2003).

All the urbanisation, human-driven measurements men-
tioned above sharply changed the natural structures and
processes in the floodplains exposed to urban influence in such
a way that they began drying up on a large scale. Further they
lost their fertile flood loam substrates through excavations. A
lack of floods reduced their filtering potential and almost
nullified their natural retention function due to a lack of the
accumulation of fresh flood loam. This threatens the very
characterisation of the specific form of the hardwood floodplain
forests (Sendzimir et al., 1999; Haase et al., 2007; Glaeser and
Schmidt, 2007).

Alterations to river courses as well as forest management are
assumed to be key factors for the changes to the compositions of
tree species (Johnson et al., 1976; Tremolieres et al., 1998; Hughes
et al., 2001) and the herbaceous layer (Schnitzler et al., 1991;
Glaeser and [17_TD$DIFF]Wulf, 2008). As floods disappear due to river
regulations, most of the floodplain forests are subjected to seepage
water. Consequently, new species colonised the forests. In the long
term, the species composition changed due to the immigration of
non-alluvial species such as Acer platanoides both in Europe
(Tremolieres et al., 1998; Deiller et al., 2001; Glaeser, 2005) as well
as in the US (Gergel et al., 2002). Furthermore, in the 19th century,
the forest management was altered from coppice-with-standards
forest to high forest in most German (Glaeser and Volk, in press)
and European floodplain forests (Ellenberg, 1996). This is
associated with an increase in canopy density. The interruptions
of flooding and the modification of the management system have
been found to support an increase in the density of Fraxinus

excelsior in Europe (Tremolieres et al., 1998; Glaeser and Schmidt,
2007). Together with the Dutch Elm Disease, which led to a
decrease in the cover of Ulmus spec. (Deiller et al., 2001), the tree
species composition in floodplain forests altered dramatically
during the 19th century.

In order to analyse the determinants of the historical and
current floodplain forest development, we chose the floodplain
forest in the district of Leipzig as an example. This study area is
characterised by alterations to the spatial extent of the
floodplains (Müller, 1995). Furthermore, changes to the tree
species composition over recent centuries are well
documented (Glaeser, [ 18 _ T D$ D I FF ]2005, 2008; Glaeser and Schmidt,
2007). To analyse changes in the spatial extent we used a
biophysical GIS-data-model whereas to identify the alterations
to the tree species composition archival sources were used. In
order to classify the floodplain forest development from
industrialisation in the 19th century to now, both methods
were combined for the first time.

In particular, the study aims to answer the following research
questions:

1. How do changing biophysical determinants (i.e. groundwater,
topography, inundation frequency, impervious cover) shape the
extent of the floodplain forest?

2. How do flood risk management and floodplain forestry impact
the composition of tree species?

3. Are there determinants for floodplain forest development
emerging from the proximity to an urban area?

2. Study area

Our study area is situated along the rivers Weiße Elster, Pleiße,
Luppe and Parthe in the district of Leipzig, a city in the north-
western part of Saxony in Germany. The floodplain forest covers an
area of about 1860 [19_TD$DIFF]ha, whereas the whole floodplain area extends
to 5900 [20_TD$DIFF]ha. The region has a continental climate with an average
annual precipitation of 530 mm and an average annual tempera-
ture of 8.8 8C (DWD, 2007, 2008).

For a period of more than 600 years, the town of Leipzig has had
the ownership of the floodplain forest. From the 14th to the 16th
centuries, parts of the floodplain forest were acquired by the town
council of Leipzig (Kasperidus et al., 2001). By the end of 1552, a
forest administration was established for a part of the floodplain
forest (Kasperidus et al., 2001) and since 1553 a ‘‘Waldordnung’’
(forest guideline) has regulated the usage of forest resources
(Lange, 1959; Glaeser, 2005).

The floodplains in the district of Leipzig were faced with regular
flood events during the winter and early springtime, even though
very few regulations of the rivers and their tributaries have been put
into effect since 930 (Lange, 1959). By comparison, due to radical
regulations of the rivers during the 19th and 20th centuries, flood
events have been prevented entirely since 1954. Despite a lack of
flooding, the floodplain forest in the district of Leipzig belongs to the
community of Querco-Ulmetum minoris (Müller, 1995) with Acer

spec., [21_TD$DIFF]F. excelsior and Quercus robur as the dominant tree species.
Extremely wet sites on bolson, backwater and oxbow channels are
characterised by Pado-Fraxinetum (Müller, 1995), whereas the
morphological top positions in the floodplains are covered by Galio-
Carpinetum stachyetosum (Gutte and Sickert, 1998).

3. Methods

3.1. Biophysical determinants for urban floodplain development using

a GIS-data model

In order to identify the current boundaries and the spatial
extent of the urban floodplains and to determine the biophysical
prerequisites of floodplain forest development a conceptual model
in the form of a ‘GIS floodplain’ was developed (Schenker, 1992;
Klimo and Hager, 2000; summarised in Haase, 2003). Table 1
defines the criteria or functional indicators set up to identify the
occurrence and natural extent of floodplains as well as the
respective threshold values for the conceptual model of flood-
plains:

- flood sediment (clayey loam for the example of Leipzig),
- topography,
- groundwater level,
- land [22_TD$DIFF]use and
- naturalness of surface (e.g. degree of imperviousness).

The floodplain area F is defined as

F ¼ f ðS; T;GW; LUÞ (1)

where S is the holocene flood loam sediment, T the topography, GW
the groundwater level and LU the land use including the degree of
imperviousness. More specifically floodplains are those areas
defined by the above listed criteria which fulfil [23_TD$DIFF]Eq. (2):

F ¼ S� ðT >1� þ GW>2m þ LUutÞ (2)

where ut is defined as ‘‘untypical’’ land use or land cover due to a
high degree of imperviousness and canalisation (cf. Table 1).

The outcome from processing the individual indicators in a
Geographic Information System (Erdas Imagine, ArcView, ArcGIS)
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as shown in Fig. 1 creates an integrative spatial explicit data layer
which provides a multi-criteria depiction of those areas that can be
defined as floodplains according to Table 1. Using this set of criteria
the extent of the floodplain can be modelled for any time slots
where the respective data is available enabling a comparison with
historical and future maps as well as air-borne land cover data
(Fig. 1).

In order to establish the GIS-model, both analogous and digital
data on the geology (litho-facies data), groundwater levels (a point
data set for the entire area of the city), sediment distribution (soil
maps) and land cover (including imperviousness and canalisation)
were processed in a GIS to produce intersected and merged vector
data layers. The attribute data of each vector or grid were
parameterised accordingly as given in Table 1, aggregated and

classified. For the case of Leipzig, the distribution of the holocene
flood loam was vectorised using the 1:50,000 litho-facies map. The
groundwater surface in the floodplain areas was modelled using
both relief data from topographic maps and analogue point data
recording historical and current groundwater levels. A difference-
surface model (Hrelief [24_TD$DIFF]� HGWlevel) enabled the average groundwater
level for the entire area to be estimated.

Historical and current land use data (historical maps dating
from 1870, 1940, 1985 and 2006; biotope map 1994, topographic
map 1:10,000) were intersected with the spread of flood loam. In
addition to this, land use was classified into four levels ranked a

priori from ‘‘typical’’ to ‘‘untypical’’ according to its degree of
imperviousness and canalisation (cf. Haase, 2003; Haase and
Nuissl, 2007; cf. again Table 2). Thus, a ‘‘history’’ of the extent of the

Fig. 1. Scheme of data and model integration for determining floodplain forest functionality indicators (adopted from Haase, 2003; modified).

Table 1
Criteria for floodplain delineation.

Flood sediment Topography Groundwater level Land use Naturalness

Inclusion criterion

(threshold)

[3_TD$DIFF]Occurrence No relief energy, difference to

the surrounding terraces

<2.0 m (Vega/Gley soils) [4_TD$DIFF]Floodplain forest, wetlands,

urban green spaces, parks,

sports and leisure grounds,

cemeteries

[5_TD$DIFF]Typical and relatively [6_TD$DIFF]typical;

low degree of imperviousness

Exclusion criterion

(threshold)

no occurrence relief energy > 5% >2.0 m allotments, farmland, wasteland,

other ruderal and succession

areas, built-up areas (housing,

transport, trade and industry)

relatively untypical and

[7_TD$DIFF]untypical; high degree of

imperviousness

Range 0 [8_TD$DIFF]–1 0–5% 0–2.0

D. Haase, J. Gläser / Forest Ecology and Management 258 (2009) 887–894 889

224



Author's personal copy

floodplain and the floodplain forest cover over the last 150 years
could be created.

Normally, the temporary inundation of floodplains is a generic
criterion for their delineation. The numerous flood protection
schemes confine this natural process to small dammed areas near
the main flow path, so that in recent times large areas of the
floodplains have only been flooded during periods of extreme
flooding (equating to high stream flows and low recurrence
intervals). Therefore, it makes little sense to integrate this criterion
into the GIS-model applied here although this problem must
definitely be included in the investigation of the urban floodplains.

3.2. Archival sources

For the analysis of the historical development and alterations to
the plant species composition in the floodplain forest of Leipzig,
different archival sources from the State Archives of Saxony in
Dresden, the City Archives of Leipzig and the State Archives of
Saxony in Leipzig were used (Fig. 1). These historical data sources
range from the 17th to the beginning of the 20th century. Historical
account books in particular provide important information about
tree species and the number of trees cut. However, the absence of
tree species in the account book is not equivalent with the absence
of them in the floodplain forests. The tree species used as
construction timber was nearly exclusively explicitly mentioned in

the historical sources whereas data is missing for all other tree
species. Hence, a critical interpretation of the archival sources is a
prerequisite for any further analysis (Kienitz, 1936).

Besides archival sources, a paper by Müller-Stoll and Süß (1966)
was a valuable source of information about the occurrence of tree
species for the 17th century. Furthermore, habitat maps by
Thomasius (1956) contain relevant information about the manage-
ment of the floodplain forest in the district of Leipzig after the
Second World War.

Additionally, information about the tree species composition in
the floodplain forest in the district of Leipzig could be collected
from a range of floristic-historical surveys that have been carried
out by Wipacher (1726), Klett and Richter (1830), Petermann
(1846), Kuntze (1867) as well as other investigations by Müller
(1913), Kienitz (1936), Reinhold (1942), Lange (1959), Hempel
(1983) and very recently by Glaeser (2001, 2005, 2008), Glaeser
and Schmidt (2007) as well as Glaeser and Volk (in press).

4. Results

4.1. Modelling floodplain remnants

Running the GIS-model we found that the spatial extent of the
floodplain forest remained considerably stable, even though the
entire floodplain area was reduced from the industrialisation of the
city (Table 2). Table 2 supports the idea that although the total area
of the city increases over time, the proportion of forest area
remains stable at 6.3%. Moreover, the proportion of urban green
and recreational space such as parks (1870: 0.4%; 2003: 2.3%),
sportsgrounds (1870: 0.5%; 2003: 1.0%) or [25_TD$DIFF]allotments (1870: 1.6%;
2003: 5.6%) particularly increase. The three latter land use types
contribute to the share of open space and the per capita
recreational space in the city but not to tree species composition
or forest biodiversity.

Looking at the results of the GIS-model outlined in Fig. 1, the
land use change detection maps given in Fig. 2 and the final
difference map from the superimposition of the four floodplain
identification indicators in Fig. 3. We can see that current land use

Table 2
Development of land cover classes in Leipzig from [9_TD$DIFF]1870 to 2003.

1870 1940 1985 2006

Land use type (%)

Forest 6.4 6.4 6.4 6.3

Meadows, grassland 8.9 6.7 3.1 4.1

Parks, gardens 0.4 1.7 1.4 2.3

Sport, Leisure 0.5 0.5 0.5 1.0

Allotments 1.6 6.3 6.6 5.6

Total urban area (km2) 50 100 145 298

Population (in 1000) 149 707 581 505

Inhabitants/km2 8100 4900 3700 1600

Fig. 2. Floodplain and forest change in Leipzig.
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and the respective land cover considerably impede the function-
ality of those areas which in terms of geology and relief can be
described as floodplains (Figs. 2 and 3). Due to the current
impervious cover of the floodplains, the fundamental regulating
functions (filtration, retention of surface runoff, water [26_TD$DIFF]storage, etc.)
can no longer be fulfilled on surfaced floodplain soils. Situated in
the city centre, central parts of the floodplains such as the
‘‘Elsterbecken’’ are there to serve as flood prevention and flood risk
reduction. Hydraulic engineering measures mean that spring
floods are restricted to areas between dikes and flood water
storage basins. In the city centre and the lignite-mining area south
of Leipzig, the floodplains along with their forests and open
wetlands are no longer discernible.

The reconstruction of the former spatial extent of the floodplain
areas was enabled by floodplain soil characteristics and flood loam
distribution that indicate historic water tables (Fig. 2). The lack of
flooding today (for the last 50 years at least), reduced, in this
respect, the currently active floodplain areas to a minimum (Lange,
1959; Haase, 2003). Fig. 3 shows that the holocene floodplain area
covers 8830.42 [27_TD$DIFF]ha compared to floodplain remnants of only
2149.76 [28_TD$DIFF]ha today. Such data and discussion serves as a target or
threshold value for water or flooding levels of rivers that are
desirable when drawing up development and restoration goals for
urban floodplains in the future.

Based on the criteria of meadow loam, relief, vegetation and
water table depth, the floodplains account for large areas in the
district of Leipzig. The north-west of the city can, for example, be
described as relatively natural. In the core areas, the floodplains
have been reduced considerably but are still to be seen in the form

of urban green space such as parks, gardens and allotments (cf.
again Table 2). The urban green spaces are important here since
they augment and in some cases replace the natural vegetation.
An assessment is more difficult regarding the natural soil
functions of the floodplain soils, which have not been restored
following backfilling, excavation and surfacing. In many areas
south of Leipzig, the floodplains have been partially destroyed by
lignite mining, and hardly any of the small tributaries’ valleys can
now be described as floodplain-typical ecosystems (cf. again
Fig. 3).

4.2. Changes in the composition of tree species in the floodplain forest

From the 16th to the 19th centuries, the composition of tree
species in the floodplain forest in the district of Leipzig was relative
stable and composed of Acer campestre, Alnus glutinosa, Carpinus

betulus, Corylus avellana, Crataegus spec., Fagus sylvatica, [21_TD$DIFF]F. excelsior,
Populus spec., [29_TD$DIFF]Q. robur, Rosa spec., Salix spec., Sambucus spec., Tilia

cordata and Ulmus spec. (Müller, 1913; Reinhold, 1942; Müller-
Stoll and Süß, 1966; Hempel, 1983; Glaeser, 2005, 2008), whereas [29_TD$DIFF]
Q. robur was the dominant tree species. [29_TD$DIFF]Q. robur was the most
important timber and the basis for tanning agents and pig fatting
which led to a selective increase of [29_TD$DIFF]Q. robur far beyond natural
conditions (Glaeser and Schmidt, 2007). [30_TD$DIFF]C. betulus, C. avellana, F.

sylvatica and T. cordata are tree species with a low tolerance to
flooding. Due to the meandering of rivers, a few areas of the
floodplain forest were not temporarily flooded. Hence, tree species
with a low flood tolerance occurred only rarely and only at
morphological top positions of the floodplain forest.

Fig. 3. Remaining open floodplain remnants in Leipzig (adopted from Haase, 2003).
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As stated before, during the 19th century the rivers of Leipzig,
the Weiße Elster, Pleiße, Luppe and Parthe, were regulated,
whereby the number and duration of flood events decreased until
they almost disappeared in the 1950s. Furthermore, the forest
management changed from coppice-with-standards forest to high
forest in 1870 (Thomasius, 1956; Lange, 1959; Glaeser and
Schmidt, 2007). From this it follows that the composition of tree
species in the floodplain forest remarkably changed up to present
(Fig. 4).

From the introduction of high forest management in 1925, the
proportions of [31_TD$DIFF]Q. robur and C. betulus were dramatically reduced.
After 1925, the proportions of both tree species remained constant.
Even though Acer pseudoplatanus and [21_TD$DIFF]F. excelsior occurred in the
floodplain forest in the district of Leipzig in the 19th century
(Wipacher, 1726; Klett and Richter, 1830; Petermann, 1846;
Kienitz, 1936; Glaeser, 2001), the proportions of A. pseudoplatanus

and [21_TD$DIFF]F. excelsior on the tree species composition was very low. Due
to changes in the hydrology and forest management, the
proportions of both tree species increased from 1870 to 1993.
Moreover, [32_TD$DIFF]A. platanoides, a new plant species in this floodplain
forest, was able to immigrate in the 19th century (Kuntze, 1867).

By the middle of the 20th century, we found a high proportion
of Ulmus spec. in the floodplain forest (Fig. 4). Due to the Dutch Elm
Disease however, most Ulmus tree species, especially Ulmus minor,
were dramatically reduced to nearly 0% at the end of the 20th
century (Gutte and Sickert, 1998). In the 20th century, the number
of tree species were increased by planting Acer negundo (TIT. XVO
Nr. 80 B 9[33_TD$DIFF]1), Carya cordiformis, C. ovata, Juglans nigra (Schaarsch-
midt, 1989; TIT. XVO Nr. 68 B 14 [35_TD$DIFF]2), Picea spec. (TIT. XVO Nr. 68 B 14)
and Populus [2_TD$DIFF]� canadensis (Lange, 1959). In according to the target
composition (Sickert, 2002), the proportions of [37_TD$DIFF]Q. robur and T.

cordata in the tree species composition should be increased,
whereas the proportions of Acer spec. and [21_TD$DIFF]F. excelsior should be
decreased in the future (cf. again Fig. 4).

5. Discussion

In this paper we were able to demonstrate that the total
floodplain area in the district of Leipzig had been dramatically
reduced mainly by flood risk management measures (embank-

ment, dikes, polders) compared to the spatial extent of the forest
itself using a set of delineation criteria in a GIS-model. The
remnants of the holocene floodplains are decreasingly influenced
by floods and high groundwater tables. Instead, they are
characterized by a considerable amount of impervious surfaces.
However, riparian forests hold an important recreational value,
particularly in urban areas. It was this recreational value in
particular that already led to the conservation of both the forest in
history as reported by archival sources. Compared to the ‘‘stability’’
of the spatial extent of the floodplain forest, the tree species
composition changed dramatically due to an alteration to the
modification of biophysical conditions (i.e. groundwater, flooding)
as well as forest management. Thus, the demand on recreational
green space in an urban area does not affect the overall size or
extent of the forest area as much as it influences its species
composition or forest diversity.

In the light of climate change and an associated increase in flood
events (Mudelsee et al., [38_TD$DIFF]2003) the renaturation and the restoration
of (former) floodplains regains importance and there is a real
potential for this. Moreover, newly ‘‘designed’’ floodplain forests
could serve in flood regulation, where they will be cultivated in
accordance with current scientific and forest management knowl-
edge and respective tree species are planted. When looking at the
climate change impacts that are expected to endanger the health
and well-being of urban residents this kind of renaturation is an
important support (Gill et al., 2007). Consequently, one has to
know the potential of floodplains and their forests that are
remaining in an area in order to quantify future impacts [39_TD$DIFF]of, e.g.
climate change. Here, the floodplain indication GIS-model
presented in this paper provides an innovative and easily
applicable tool to identify those areas (remnants) that are still
functioning within a former floodplain.

The model exclusively uses analogous and digital data available
to the public which reduces the financial and personal require-
ments for its application to a reasonable amount. Moreover, it
produces spatial output maps which enable a visualisation of the
results and thus a sound base for discussion between scientists and
forest managers. Another advantage of the approach is that most of
the data sets that it uses (topography, land use, groundwater level)
are part of urban monitoring programmes (ongoing since the
1930s) and so they can be regularly reproduced and time steps can
simply be added. Change detection measures can therefore be
easily realised.

The data base used for the model provides a range of advantages
compared to other existing data which could be used for such a
delineation: the unique HYDE land use database (Goldewijk, 2001)
delivers land use information for European countries since 1700
but for urban land uses in particular it provides rare information in
terms of being up-to-date and accurate. As we are looking for the
impacts of urbanisation on floodplains, the topographic map series
developed in the early stages of industralisation is suitable as a
data source throughout Europe. Although the accuracy of the single
data sets used for the delineation model presented here is high,
there are still some differences concerning their scales. This
difference could be improved [40_TD$DIFF]using, e.g. a more detailed elevation
model as well as a prognostic land use change model that looks
into the future of land use development.

Using land cover and land use data for various time slots we
were able to answer the question we asked at the beginning of the
paper: Did the area of wetlands and respective floodplain forests
change over time with respect to the river embankment and
regulation measures carried out since 1950? With the help of the
GIS-model results we could show that regardless of a decline in the
total functional floodplain area, the area of the floodplain forest
stand actually remains. We further argue using historical forest
archive data that particularly after reformation in the 16th century

Fig. 4. [1_TD$DIFF]Proportion of tree species in the floodplain forest in Leipzig from 1870 to

2006 as well as target composition (Lange, 1959; Sickert, 2002). Acer spec. is

basically made up of Acer platanoides and A. pseudoplatanus. The main proportion of

Populus spec. is Populus [2_TD$DIFF]� canadensis.

1 Adminstration der Forsten: das Connewitzer Revier betr. Vol III [34_TD$DIFF]1874.
2 Acta, die Administration der Forsten u. w. d. a. betr. Vol XIV [36_TD$DIFF]1914.

D. Haase, J. Gläser / Forest Ecology and Management 258 (2009) 887–894892

227



Author's personal copy

the city turned from a feudal into a resident’s city which aimed to
provide production ground and (later on) recreation facilities to
their inhabitants. An important argument that supports this is the
creation of the first European forest agency in Leipzig in 1524
(Müller, 1913).

The GIS-model was tested for Leipzig. There, river embankment
and regulation measures took place after 1850, as stated, but did
not influence the distribution of the floodplain forests as much as
along the Rhine, for example (Schnitzler, 1994). This shows that
the applicability of the indication model has to be proved further
using other cases in focus which might confront the model with
new settings and local secularities.

Even though the area of floodplain forest remained more or less
the same since the 19th century, the regulation of the rivers by
embankment and dike [41_TD$DIFF]construction and the alteration to the
floodplain management led to a major change in the composition
of tree species. [42_TD$DIFF]Q. robur, U. minor and U. laevis were discussed as
natural tree species in the floodplain forest of Leipzig (Müller-Stoll
and Süß, 1966) as well as in other floodplain forests in Germany
(Caspers, 1993; Mathews, 1997; Pott and Hüppe, 2001; Lechner,
2005). By the end of the 19th century, [29_TD$DIFF]Q. robur were used as very
important building material, for the fattening of pigs and for
tanning agents whereby [29_TD$DIFF]Q. robur was planted quite frequently.
Hence, in previous centuries, the frequency of [29_TD$DIFF]Q. robur in floodplain
forests was mainly determined by anthropogenic influence.
Furthermore both the occurrence and composition of tree species
strongly depend on the flooding tolerance. Flood tolerant tree
species such as [43_TD$DIFF]U. minor frequently dominate areas flooded over
longer periods. Conversely, tree species with a low flood tolerance
such as [44_TD$DIFF]C. betulus or T. cordata occur in infrequently and
temporarily flooded areas (Pautou et al., 1992; Tremolieres
et al., 1998; Deiller et al., 2001).

In the 19th century, most large Central European rivers were
regulated. In addition to this, the overall population of Leipzig has
been declining since the middle of the 20th century onwards, [45_TD$DIFF]
which is in accordance with the development in Europe (Lutz,
2001) and agriculture was developed very well. Hence, first and
foremost timber production declined in many European floodplain
areas and the forest also disappeared as woodland pasture
(Ellenberg, 1906). From this it follows that the forest management
system changed from coppice-with-standards forest to high-forest
in the floodplain forests of Germany (Volk, 2000a; Margraf, 2004;
Glaeser and Schmidt, 2007; Glaeser and Volk, in press[46_TD$DIFF]) and Europe
(Mráz and Sika, 1965). As a result of such alterations, the
composition of tree [47_TD$DIFF]species changed so that there was a new
opportunity for new tree species to colonise the floodplain forests.
Even though [21_TD$DIFF]F. excelsior is a natural tree species in most floodplain
forests in Germany (Mathews, 1997; Pott and Hüppe, 2001;
Lechner, 2005), its proportion was comparatively low in former
centuries. Due to infrequent flood events, the interruption of floods
and a high degree of high-forest, the proportion of [21_TD$DIFF]F. excelsior

increased through plantations. This can also be stated for most of
the floodplain forests in Europe (Mráz and Sika, [48_TD$DIFF]1965; Tremolieres
et al., 1998; Volk, 2000b; Glaeser and Volk, in press). The same is
true for [32_TD$DIFF]A. pseudoplatanus (Glaeser and Volk, in press), whereas the
non-alluvial [32_TD$DIFF]A. platanoides was first able to penetrate the floodplain
forests in the 19th century (Kuntze, 1867; Tremolieres et al., 1998;
Deiller et al., 2001). Nowadays, [49_TD$DIFF]A. platanoides, A. pseudoplatanus

and [50_TD$DIFF]F. excelsior dominate most of the German lowland floodplain
forests along with [29_TD$DIFF]Q. robur (Volk, 2000b; Klausnitzer and Schmidt,
2002; Glaeser and Volk, in press).

Another dramatic change in the tree species composition in the
floodplain forests was caused by the Dutch Elm Disease. For the
mid-19th century the Ulmus spec. dieback especially for [43_TD$DIFF]U. minor

was observed in most floodplain forests in Europe (Deiller et al.,
2001), even though the Dutch Elm Disease occurred already earlier

(Röhrig, 1996). Consequently, [43_TD$DIFF]U. minor occurred exclusively in the
shrub layer of the floodplain forests due to root suckers whereas it
is missing completely from the tree layer of the floodplain forests.

6. Conclusions

In this paper, we show that regardless of industrialization, the
floodplain forests in the district of Leipzig did not disappear but
lost their floodplain properties: The determining property of
floodplains in general, the flood loam, is still present in most places.
Major negative impacts on the functionality of the floodplains, as
argued in our paper, are surface sealing, represented by the proxy
of the land use type, and the depression of the groundwater table.
Both lead to a distinct change of water storage capacity and,
subsequently, the species composition. As the paper further
showed, forestry and property values kept the medieval forest
trees species composition from the 19th century onwards.

When applying the knowledge gained in this study to today’s
floodplain forest management, we argue to retain the current
forest area and to use it as recreation space. In order to positively
impact forest biodiversity, the current proportion of [29_TD$DIFF]Q. robur in the
floodplain forest in the district of Leipzig has to be extended in the
future due to its ecological value and niche function for many
organisms. Hence, small parts of the floodplain forest should be
used as a coppice-with-standards forest since this management
system can be conducive to a higher occurrence of [29_TD$DIFF]Q. robur and,
above all, a high biodiversity in the floodplain forests in general.
Again, this implies no further reduction of the current floodplain
forest extent which still represents major parts of the holocene
floodplain remnants.

Further research work will incorporate spatial and structural
data for the urban surface (i.e. transport network, housing areas,
greenery) as well as distance and connectivity indices to evaluate,
in a more quantitative way, the spatio-functional relationships
such as accessibility and fragmentation of the urban area, its
residents and the remnants of floodplain forests.
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an den Forstinspektionsbezirken Eibenstock und Grimma). Tharandter For-
stliches Jahrbuch 87, 1–2.

Klausnitzer, U., Schmidt, P.A., 2002. Vegetationskundliche Charakterisierung von
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Models on Human–Nature Interactions 5

1 Introduction

1.1 Urbanisation of landscapes

Urbanisation is one of the most complex and dynamic processes of landscape change. Although
only about 4% of the world’s land area is urbanised and densly populated (Ramankutty et al.,
2006), we claim “the millennium of the cities,” since more than half of the currently 6.6 billion
world population is living in urban areas (United Nations, 2008, 2009; PRB, 2007; EEA, 2006;
Kasanko et al., 2006). Projections for the future show that urbanisation – in terms of an increasing
share of population living in urban areas – is very likely to continue (Batty et al., 2003; EEA,
2006; Lutz et al., 2001). Urbanisation is not only a societal problem, but also an environmental
one, because it contradicts a normative ideal of “a natural or un-spoiled landscape” in spatial
planning (Nuissl et al., 2008). In a multitude of studies it has been shown that land consumption is
usually detrimental to the environment in different regards (e.g., Johnson, 2001; Antrop, 2004). Its
impact reduces the ability of landscapes to fulfil human requirements and thus impairs ecosystem
services and landscape functions in various ways (de Groot et al., 2002; Millennium Ecosystem
Assessment, 2005; Curran and de Sherbinin, 2004). Individual ecosystem services and quality of
life aspects that are affected by urbanisation include the production of food, the regulation of
energy and matter flows, water supply, the provision of biodiversity and of health and recreation,
and the supply of green space and natural aesthetic values (Alberti, 1999). Suburbanisation and
urban sprawl were the dominating land consumption processes in North America and Europe
after WW II (Batty, 2008). Recently, high growth rates in developing countries have led to
enormous environmental loads as discussed above (Heinrichs and Kabisch, 2006). As urban systems
are very densely populated and their land use components highly interlinked (Liu et al., 2007),
developing views about their future is both a major concern in landscape research and a complex
task. Modelling land use relationships helps to understand underlying drivers of land use change,
to create future land use scenarios and assess possible environmental impacts (Lambin and Geist,
2006; Ravetz, 2000).

1.2 The “ideal” urban land use model

A variety of land use change models, particularly for urban landscapes, already exist, ranging from
specific case studies to generic tools for a variety of urban regions. These models differ largely in
terms of their structure, their representation of both space and human decisions, and their method-
ological implementation. Compared to land use change models in open landscapes, urban areas are
shaped particularly by human activities, societal processes and human–nature interactions (Coucle-
lis, 1997). In addition to implemented simulation models, a number of articles and book chapters
elaborate on the “ideal” integrated model, theoretically necessary causal feedback loops etc. These
“ideal” models shall serve as analytical frameworks to better understand the systems under study.
Often, authors use frameworks like the DPSIR-framework (drivers, pressures, state, impact, re-
sponses) of the European Environment Agency (EEA) to conceptualise these conceptual models.
According to Verburg, “the main drawback of using these analytical frameworks is the assumption
of one-directional processes between driving factors and impacts” (Verburg, 2006, p. 1173), because
in reality, it is difficult to differentiate between impacts and drivers in a system. Bürgi et al. (2004)
distinguish five major types of driving forces: socioeconomic, political, technological, natural and
cultural. Furthermore, they differentiate between primary, secondary and tertiary driving forces,
as well as between intrinsic and extrinsic driving forces (Bürgi et al., 2004). In their introduction
to urban simulation, Waddell and Ulfarsson (2004) sketched urban markets and agents, choices
and interactions in an “ideal” urban land use model. Timmermans (2006) criticizes that present
urban models focus on functional chains like the following: demand causes allocation across space,
which in turn causes traffic flows, based upon which a transportation model calculates travel times,
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which in turn explain residential choice. Timmermans votes to include other aspects of integration
in urban land use models, such as task allocation within households, residential choice, job choice,
vehicle ownership, scheduling of activities, competition and agglomeration of land uses and actors,
co-evolutionary development of demographics, employment sectors, land use and activity profiles
and a more thorough treatment of varying time horizons, including anticipatory and reactive be-
haviour. According to Miller et al. (2004), an integrated urban systems model with a focus on
transport should include socio-demographic components (evolution of population), demographics
(demographic change and migration into and out of a region), decision-making (location choices of
households and firms), economic variables (labour market, import/export of goods and services),
transportation (activity and travel patterns of population, goods and services, depending upon ur-
ban structure and economic interchanges, performance of road and transit systems) and respective
effects on land use (evolution of the built environment) and environment (atmospheric emissions
generated by transportation and industry; Miller et al., 2004). Moreover, Hunt et al. (2005) stated
eleven modelling axioms for such an “ideal urban land use model”:

• Representation of an urban system should focus on those elements that interact with the
transportation system.

• An urban system consists of physical elements, actors and processes.

• A transportation system is multimodal and involves both people and goods.

• Markets are the basic organising principle of an urban system.

• Flows of people, goods, information and money arise out of demand.

• Urban areas do not reach an equilibrium.

• System time must be explicitly dealt with.

• Feedback between short-term and long-term processes has to be integrated (e.g., travel and
infrastructure).

• Some factors may be treated as exogenous for modelling purposes.

• Some activities arise in response to external demand.

• A very detailed level of representation for actors and processes is necessary.

1.3 Existing reviews on urban land use models

A variety of reviews including urban land use models already exist: Agarwal et al. (2002) as
well as Schaldach and Priess (2008) review integrated land use models in general, also including
models that deal with non-urban land uses such as forestry, pasture and agriculture. Axhausen
(2006) specialises in models on transportation demand and traffic flows. Beckmann (2006) and
Iacono et al. (2008) focus on interactions between urban land use and transportation. The authors
predominantly discuss modelling approaches and does not give details regarding single models.
Similar to this, Berling-Wolff and Wu (2004) provide an historical overview of modelling approaches
and do not discuss single models. The U.S. EPA (2000) focuses on models of urban growth and
sprawl but mainly includes U.S. American approaches and – because of its publication date –
does not include recently published models. Geurs and van Wee (2004) and Hunt et al. (2005)
focus on models which emphasize the interaction between urban land use and the transportation
system. Furthermore, Timmermans (2006) gives a historical overview and describes a large number
of models but does not give a comparative description of presently developed models. With his
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review on modelling the urban ecosystem, Alberti (2008) puts less emphasis on urban land use
change, but rather focues on the environmental impacts and human-induced environmental stress of
the urban system. The review utilises a range of evaluation criteria, of which feedback mechanisms,
multiple actors and the inclusion of uncertainy are seen as the most challenging (Alberti, 2008).
Finally, Verburg et al. (2004) sketch a few exemplary models, but their focus lies on discussing
general modelling approaches and not on single causal feedbacks.

1.4 The purpose of this review

Set against the background summarised in Section 1.3, this review analyses economic models, sys-
tem dynamics approaches, cellular automata and agent-based models developed for urban systems
by systematically addressing a range of critieria such as the conceptual approach, model compo-
nents and included variables. In doing so, it aims at giving an overview on the respective model
structures. The main purpose of the review is to derive ideas for causal relationships within land
use change in urban systems, with a special emphasis on integrating social and natural science di-
mensions. The innovative aspect of this review compared to existing reviews is the aim to explicitly
analyse causalities and feedbacks in urban land use changes.

As Verburg (2006) points out, an integration of social and biophysical systems could be en-
hanced by including feedback mechanisms in land use models, e.g., the feedback between driving
factors and effects of land use change (here understood as impacts), the feedback between local
and regional processes, and the feedback between agents and spatial units (Verburg, 2006). “Less
common in land use modelling is the simulation of feedbacks between impacts on socio-economic
and environmental conditions and the driving factors of land use change” (Verburg, 2006, p. 1173).
Therefore, the review presented here will include a glance at those feedbacks. Since urban land
use models deal with spatial entities – that is, among others, the landscape itself – an important
aspect of selecting modelling approaches for the review is spatial explicitness in terms of landscape
property. In addition, urban landscapes are highly complex, as highlighted in several paragraphs
of the introduction part of this paper; therefore, one should focus on comprehensive models that
include different relationships, influences and dependencies along with their spatial representation.
The paper is organised as follows. Section 2 sets up a set of evaluation criteria for conducting the
model review, which follows in Section 3. Section 4 especially focuses on causalities and feedback
loops of land use change, before coming to the paper’s conclusions (Section 5).
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2 Evaluating urban land use simulation models

Compared to natural or agricultural landscapes, urban systems are strongly influenced by both the
social and the natural dimension. As mentioned in the introduction, urban landscapes are coupled
with human–nature systems (Liu et al., 2007), with many interlinkages between the human sphere
– first and foremost demography and economy – land use and the environment. Figure 1 provides
a very general but comprehensive overview on the major components of an urban landscape:
the major driving force for change is the human sphere, which creates pressures on the state of
the land use, which again will have effects on the environment, its natural resources and ecosystems.

Figure 1: Main components (human sphere, land use, natural resources) and relationships (1 – 4) which
describe human–nature interactions in urban regions: (1) Impact of human sphere on land use, (2) feedback
of land use on human sphere, (3) impact of land use on environment (including ecosystems) and (4) feedback
of environment on human sphere.

The human sphere characterises the socio-economic system of cities: it comprises variables
such as population (development), households, spatial planning and governance, the real estate
market, commercial activities and infrastructure, including transportation. Specifically, the human
sphere includes human decision making and actions upon land use. The land use component
itself comprehends all types of typical urban land uses such as residential, industrial, commercial,
transport and recreation. The third component contains natural resources, such as ecosystems,
biodiversity, soil functions and water resouces (cf. again Figure 1). We set up these feedback loops
between the three dimensions/components of the urban system discussed above: (1) the impact
of the human sphere on land use, (2) the feedback (= reverse to the impact function) of land use
on the human sphere, (3) the impact of land use on the environment and (4) another feedback
of the environment on the human sphere. All relationships are labelled in Figure 1, respectively.
Furthermore, a short Section (4.4) deals with the scale-specific causal feedbacks between local
and regional scale, insofar as they are covered by the models investigated. The evaluation of the
feedback loops includes (1) the identification of a respective formal representation of the respective
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causalities in the model and (2) whether or not they have an impact on other model components
again/vice versa. In order to structure the review and to give brief overviews of the models under
review, we summarised the findings of the analysis of each of the models in Table 1, which provides
comprehensive information about the main purpose and major components classified according to
Figure 1.
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3 Models under review

With respect to the model evaluation criteria mentioned in previous reviews and for the “ideal ur-
ban model” (Sections 1.2 and 1.3), we solely focus on causalities and feedback loops in the models
under review, as we believe that alongside a good description of model components (human sphere,
land use, environment), representation of the linkages between the components (= impacts and
feedback loops) make up the comprehensiveness and the explanatory strength of the models. The
models included in this review were selected in order to represent the most influential streams of
urban land use change modelling. First, the review includes models well known within the com-
munity, such as those which are discussed in the related literature on urban land use change, e.g.,
by being referenced in other reviews. Second, system and land use approaches which are not dis-
cussed at great length in the literature were included, because system dynamics as a method forces
modellers to think in a systemic way and easily allows for the inclusion of feedback mechanisms.
For system-oriented, causality-driven models on at least one dimension of urban land-use change,
a search on the ISI Web of Science was performed. This procedure led to a total of 19 models,
which were also included in this review. These models are listed in the form of a comprehensive
overview in Table 1. Details are given in the Annex 7.

Roughly four different modelling approaches can be distinguished. Two of the models under
review belong to the class of spatial economics/econometric models (SE 1 and SE 2: Nijkamp et al.,
1993; Mankiw and Weil, 1989). These models mainly look at demography and household-driven
demand-supply relations in urban regions, such as housing market developments. Seven models
included in this review (SD 1 to SD 7: Forrester, 1969; Haghani et al., 2003a,b; Eppink et al.,
2004; Sanders and Sanders, 2004; Onsted, 2002; Eskinasi and Rouwette, 2004; Raux, 2003) are
system dynamics or causality-driven models (Table 1). System dynamics is an approach which
models complex systems using stocks and flows and by explicitly including feedback loops in
the model (Sterman, 2000). System dynamics models are – in their standard application – not
spatially explicit. Rather, the structure of combining stocks, flows and feedback mechanisms
leads to a set of differential equations. The outcome of these equations can be simulated, given
values for parameters and initial conditions. The classical approach to modelling urban systems
using system dynamics is Forrester’s book on “Urban Dynamics” (Forrester, 1969): He linked the
three subsystems “business,” “housing” and “population” to describe and model urban systems in
general, subsequently differentiating each of the three subsystems in very detailed sub-models. Five
models included in this review (CA 1 to CA 5: Verburg and Overmars, 2007; Landis and Zhang,
1998a,b; Landis et al., 1998; Engelen et al., 2007; Dietzel and Clarke, 2007) use cellular automata
as the main modelling technique (Table 1). A cellular automaton consists of an n-dimensional
grid of cells. Each cell has a finite number of states. Cells change their state simultaneously
according to the same rules coded in the model, and the state of a cell in time t solely depends
on the state of neighbouring cells in t−1 (cf. Clarke et al., 1997; Landis and Zhang, 1998a,b; Silva
and Clarke, 2002). Land use change models use cellular automata with 2-dimensional grids which
represent the majority of land use. Each cell symbolises a patch of land, and states of cells are
the land use options. Five models in this review (ABM 1 to ABM 5: Strauch et al., 2003; Salvini
and Miller, 2005; Ettema et al., 2007; Loibl et al., 2007; Waddell et al., 2003) use agent-based
approaches as the main modelling technique (Table 1). Agent-based models consist of autonomous
individuals (agents) who perceive their environment and interact with one another (Parker et al.,
2003). Applications of agent-based modelling in land use change are usually spatially explicit, and
agents represent, for example, households relocating their homes or individuals using transport
systems, but also governmental and other institutional bodies.
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Table 1: Overview of main purposes and components (according to Figure 1) investigated in reviewed
models.

Model Main purpose Components Reference

Spatial Economics / Econometric models

SE 1 Modelling household life cycles
and their impact on residential re-
location behaviour and the urban
housing market for a European
capital city.

Human sphere (population, migra-
tion, household, transportation,
housing market, prices, dwellings,
vacancies)

Nijkamp et al.
(1993)

SE 2 Simulation of demographic
changes (baby boom and baby
bust) and its influences on the
housing market in the U.S.

Human sphere (population, migra-
tion, household, housing market,
prices, dwellings, vacancies)

Mankiw and
Weil (1989)

System Dynamics

SD 1 Modelling urban system in gen-
eral, explicitly including “urban
decline.” Examples: focus on a
specific topic, e.g., rapid popula-
tion growth, demolition, et cetera
and therefore need specific models.

Human sphere (business, housing,
population)

Forrester
(1969); Alfeld
(1995)

SD 2 Integrated land-use and trans-
portation model for estimating
scenarios regarding transport poli-
cies

Human sphere (population, mi-
gration, household, job growth,
employment and commercial land
development, housing develop-
ment, travel demand, congestion)

Haghani et al.
(2003a,b)

SD 3 Assessing the impact of urban
sprawl on wetland biodiversity
and social welfare

Human sphere (population)
Land use (agricultural land, wet-
lands)
Environment (wetlands, nature
protection)

Eppink et al.
(2004)

SD 4 Redefining the model of urban
dynamics by Forrester (1969), in-
cluding: 1. spatial dimension (16
squares) and 2. disaggregation:
different types of housing, indus-
try, and people in zones

Human sphere (population, hous-
ing availability, houses, land avail-
ability, business structures, and
job availability, labour market and
housing market)

Sanders and
Sanders (2004)

SD 5 Simulation model to provide sce-
narios for future land use in Santa
Barbara, e.g., with restrictions to
urban growth

Human sphere (housing, popula-
tion, business)
Land use
Quality of life

Onsted (2002)

SD 6 Assessing the impact of future
policy interventions on the social
housing market (specific: rate of
building new dwellings)

Human sphere (commercial hous-
ing stock, social housing stock,
waiting families, supply of avail-
able social houses; migration, de-
molition, construction)

Eskinasi and
Rouwette
(2004)
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Table 1 – Continued

Model Main purpose Components Reference

SD 7 Simulating medium- and long-term
effects of urban transportation
policies with reference to sustain-
able travel

Human sphere (urbanisation, in-
ternal travel demand, car own-
ership, external travel demand,
transportation, socio-economic
evaluation)
Environment (environmental ap-
praisals)

Raux (2003)

Cellular Automata

CA 1 Tool for understanding land-use
patterns, possible future scenarios
for given demand

Human sphere (demand rules)
Land use (suitability rules)

Verburg and
Overmars
(2007)

CA 2 Simulating urban growth, scenar-
ios for future development

Human sphere (population, house-
hold, jobs, employment)
Land use (single-family residential,
multi-family residential, commer-
cial, industrial, transportation,
public)
Environment (undeveloped land)

Landis
and Zhang
(1998a,b)

CA 3 Development of policy scenarios of
urban growth, impact on habitat
change/biodiversity

Human sphere (urban growth,
policy simulation and evaluation)
Environment (habitat change and
habitat fragmentation)

Landis et al.
(1998)

CA 4 Monitoring developments of urban
areas and identifyng trends at the
European level, focus is on growth
scenarios

Human sphere (population, econ-
omy, planning, accessibility via
transportation network)
Land use (land use functions)

Engelen et al.
(2007)

CA 5 Modelling urban growth, scenar-
ios for future development of an
urban region

Land use (urban or non urban,
roads, different land use types)
Environment (topography)

Silva and
Clarke (2002);
Dietzel and
Clarke (2007)

Agent-Based Models

ABM 1 Dynamic simulation model with
a focus on urban traffic flows,
including activity behaviour,
changes in land use, and effects
on environment

Human sphere (activity patterns
and travel demand, traffic flows,
goods transport, accessibility of
locations, location decisions of
households, firms, developers)
Land use (moving households, lo-
cation of firms, investment of de-
velopers, new industrial area)
Environment (clean air, traffic
noise)

Strauch
et al. (2003);
Moeckel et al.
(2006)

ABM 2 Evolution of an entire urban re-
gion with emphasis on transporta-
tion

Human sphere (location choice, ac-
tivity schedule, activity patterns,
automobile ownership, travel de-
mand)
Land use (land development,
transportation network)

Salvini and
Miller (2005);
Miller et al.
(2004)
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Table 1 – Continued

Model Main purpose Components Reference

ABM 3 Predicting urbanisation with be-
havioural agents

Human sphere (demographic
change, decisions of individuals)

Ettema et al.
(2007)

ABM 4 Development of built-up area
in peri-urban region, driven by
households and entrepreneurs; ur-
ban growth with different growth
rates

Human sphere (households, jobs,
numbers of people, households
and workplaces at the start of the
year, average travel time to dis-
trict centres and capital city)
Land use (urban land, open space,
forest area)

Loibl et al.
(2007)

ABM 5 Link between transport and land
use; impact of different planning
strategies

Human sphere (population, house-
holds, employment, travel demand,
accessibility, mobility, real estate,
land price)
Land use

Waddell
(2006); Wad-
dell et al.
(2003)
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4 Representation of urban landscapes

One of the major aspects which urban land use models have to represent are causalities and
feedbacks related to human–nature interactions. The main components representing an urban
system, according to the models under review, are summarised in Tables 1 and 2. Spatial Economic
models are labelled SE, Cellular Automata CA, System Dynamics Models SD, and Agent-Based
models ABM.

Table 2: Main components of urban systems – do the models under review include them?

Human sphere Land use Environment

(Spatial) Economic models

SE 1 x x
SE 2 x x

System dynamics

SD 1 x x x
SD 2 x x
SD 3 x x
SD 4 x x
SD 5 x x
SD 6 x x
SD 7 x

Cellular automata

CA 1 x
CA 2 x x
CA 3 x x x
CA 4 x x
CA 5 x

Agent-based models

ABM 1 x x
ABM 2 x x x
ABM 3 x x
ABM 4 x x
ABM 5 x x

Structural relationships between model components and variables are found to be very different
in the models (Figures 2 and 3). This is due to the fact that levels of rules for land use change vary
largely, depending on the modelling technique used, i.e., (spatial) economics, system dynamics,
cellular automata or agent behaviour (Table 2).

The first model group, (spatial) economic or econometric models, sets up a formalised relation-
ship between population and market; in our case these compounds are the housing market and
residential land use. Spatial economics models can be dynamic (when model parameters are treated
endogeneously) or quasi dynamic (if model parameters are fixed or an exogeneous input during the
model runtime). Generally, such models define a demand based on a population/household/cohort,
etc., number, but only a limited feedback is generated from the net supply to the original driver
(in our case: population). Cellular automata derive probabilities of land use change for a cer-
tain cell out of historical land use data (Engelen et al., 2007; Barredo et al., 2003) or by using
try-and-error “calibrations” (Hansen, 2007). Therefore, they do not explicitly deal with causal
relationships between urban drivers and land use states. Driving forces of the human sphere, such
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as population dynamics, residential mobility or price elasticise of the real estate market, can be
included as scenario assumptions in some of the models in order to define the magnitude of urban
sprawl (e.g., CA 2, CA 4). Nevertheless, the decision about which cells change their land use in
which way is based upon historical land use change patterns. In contrast, landscape properties
like topography, hydrography or morphology are reflected in most of the cellular models (CA 1;
CA 3 –CA 5; Table 2). Using a different approach, agent-based models include individual and in-
stitutional actors to explicitly simulate processes of land use conversion. The main actors in these
models are individuals or households, which choose their residential location according to their
preferences, local industries and businesses which choose their location and employ local people,
and institutions, which steer land use development by planning, permitting or restricting land use
change, et cetera. Therefore, these models explicitly name the decision-making processes relevant
for urban land use changes (ABM 1 –ABM 5). System dynamics models lie between these two
“extremes”: They include the processes, but in an aggregate way without incorporating single
actors and their individual goals (Table 2).

In the following, the processes captured in the simulation models are analysed with respect to
the feedbacks mentioned in Section 2.

4.1 Spidergrams

For comparison purposes, we set up an assessment matrix, in which the degree of fulfilment of the
four relationships (cf. again Figure 1) is assigned to each of the models under review. We used a
metric scale from 0 to 2: If the criterion is fulfilled, then the “mark” 2 is given; if only parts of the
criterion are fulfilled – e.g., the processes implemented by rudimentary or very simple – the “mark”
1 is given; and if the criterion is not at all fulfilled or not included in the model, the “mark” 0 is
given. The results of the model assessment are given in forms of simple multicriteria spidergrams
which compare the three types of models (SE, SD, CA and ABM; Figure 2) for all criteria and, in
a second range of graphs, all models for each single criterion (Figure 3).

4.2 Relationships between human sphere and land use

Most of the models under review represent the impact of human sphere on land use. Table 1
provides an overview of the model components. Except for three model approaches, each model
covers population dynamics and housing or built-up land, which belong to the major variables
either for human sphere or land use. The spidergram in Figure 2 clearly shows that causal rela-
tionships between human drivers are better captured than the reverse feedback from urban land
development to the human drivers. Agent-based approaches mainly cover both loops, since land
use variables belong to the neighbourhood of the agents and thus directly influence decision mak-
ing. In comparison, spatial economics and system dynamics models comprehensively cover loops
of type 1 “human sphere to land use,” but mostly neglect effects of changing urban land use on
population dynamics or economic development. Cellular automata do include some feedbacks from
the effects of land use changes on the human sphere.

4.3 Impact of land use on environment

Only very few simulation models close the loop between driving forces and environmental im-
pacts. Cellular automata perform better in capturing the effects of relatively simple rule-based or
neighbourhood-statistic driven land use changes on the environment. Since they are often spatially
explicit, landscapes can be more easily represented (cf. again Figure 2). For example, in CA 3,
the impact of urbanisation on biodiversity is assessed, but no feedback to driving forces is taken
into account. In SD 7, the impact of transport on the environment is integrated, but it is not
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Figure 2: Spidergrams showing how far the reviewed models (according to their model type) incorporate
the four relationships set up for model evaluation.
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Figure 3: Spidergrams showing to which extent all reviewed models include the four loops.
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clear from the available literature if there is a feedback to driving forces (travel and transportation
flows). The two economics models under review (SE 1 and SE 2) lack spatial explicitness to be
able to capture a more comprehensive land use relation or feedback.

4.4 Feedback from environment to human sphere

Feedbacks from environmental impacts back to the driving forces that cause urban land use change
are mostly realised through changing attractiveness of grid cells or regions for household residential
location choices. Those were found in ABM 4 (open space, forest area), ABM 1 (traffic noise, air
quality), CA 4 (quality and availability of space for activities), and SD 5 (traffic volume produces
air pollution and thus affects human quality of life). In SD 3, the decrease of wetland area (and
its negative impact on biodiversity) directly influences decisions to buy land for nature protection
instead of further urbanisation. These relationships are the only ones that close the loop from
households/individuals as drivers of land use change to environmental impacts and back to the
original decision algorithm.

4.5 Feedbacks between local and regional scale

Feedbacks between the local and regional scale can be realised in a variety of ways: first, migration
of population within single districts can have an influence on the attractiveness of the districts
and therefore influence the housing market in the region, which in turn affects migration. Second,
planning and governance on the regional scale can influence local land use changes, which in turn
can impact regional planning. In several of the models, the housing market (or price development)
is captured implicitly or explicitly. For example, in the spatial economics models SE 1 and SE 2,
as well as in the system dynamics models SD 2 and SD 4, the housing market and housing devel-
opment are explicitly included: In the two former cases in the form of real case study examples
(Amsterdam and the U.S.), while in SD 2 an artificial market is created between expansionists
and conservationists who want to buy open land – either in order to turn it into urban area or
to conserve it. In cellular automata, prices for housing are not explicitly included. Probabili-
ties for land use change can be regarded as bids for (re-)development (CA 2). In some of the
agent-based models, real estate markets are already included or are planned to be included (e.g.,
ABM 1, ABM 3, ABM 5). In these models, developers are agents who can influence the market
and therefore also the prices. Governmental planning processes are never explicitly represented in
a way that governmental agencies are actors within the model. In some models, planning decisions
are integrated as a part of the scenario configuration, e.g., by restricting or promoting possible
evolution paths for certain grid cells (e.g., MOLAND). In others, construction and demolition are
exogeneous variables (Nijkamp et al., 1993). But in these cases, planning decisions or housing
market trends are not changed during the simulation, so that no feedbacks are established.
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5 Conclusions

The main purpose of this review was to analyse causalities and feedback loops in current urban
land use change models. Therefore, we analysed 19 simulation models stemming from four different
simulation methodologies: spatial economics, system dynamics, cellular automata, and agent-based
modelling. The main conclusion of this review is that there is a range of comprehensive urban
land use change models but no unique approach to represent urban landscapes and human–nature
interactions. Each author or working group has its own view and focuses on other parts of the
urban system and the relationships within that system. Thus, the landscape aspect is of minor
importance. Most of the approaches bear the potential to model local and regional urban processes,
as they provide a multitude of components and variables. However, currently only a few models
integrate direct or indirect feedback loops from environmental and landscape-related impacts of
urban land use change on environment to the respective driving forces in the human sphere of
the systems. We see the reason for this in the gap between social science methods and findings,
and computational models (cf. Geist and Lambin, 2004, 2002). The former comprehensively cover
behavioural heuristics on decision making but are often qualitative in nature. The latter need
quantitative (sometimes spatially explicit) input data or at least simple rules to be coded and
thus incorporated into the models. To bring both approaches together and to better incorporate
qualitative, social science data into quantitative models is still one of the major challenges of urban
land use and landscape modelling. This is a challenge, not only for modellers, since empirical data
for formulating a resilient feedback loop, resulting from environmental impacts on human quality
of life and decision making, is rarely available (Haase and Haase, 2008). As urban systems are
open systems which do not depend on local or regional natural resources and ecosystem services,
neither individual nor policy decisions strongly depend on the availability and state of nature of
the surroundings (cf. Haase and Nuissl, 2007). This makes it more difficult to elicit and formalise
resilient feedbacks from the environment or landscape back to the driver. Another challenge is to
express urban land use relationships, and in particular the aforementioned decision making in a
spatially explicit way, as most of the CA models under review do. Finally, relationships between
the local and regional scale are realised only with respect to housing markets, as single choices
on the local scale are able to influence regional markets and vice versa. None of the models deals
with all possible linkages between “the built-up urban” and “the rural” landscape within an urban
region, although CA models such as MOLAND cover both types of land use, at least in terms
of land use types. Current “hotspots” of the worldwide agri-environmental discussion, such as
biofuels and organic farming, should also be partially incorporated into urban models. Here, we
see another way to introduce more landscape aspects into urban land use modelling.
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7 Annex

Within the following tables (describing the models in alphabetical order), empty cells indicate
that no information was found in the literature on this issue. “–” in a cell means that this issue is
not applicable to the model in question.

Field “Duration of model run:”

• C: Calibration to fit model parameters

• S: Scenarios for projections of future trends

• V: Validation using independent data

Living Reviews in Landscape Research
http://www.livingreviews.org/lrlr-2009-2

250

http://www.livingreviews.org/lrlr-2009-2


Models on Human–Nature Interactions 21

Table 3: Household life cycle model for residential relocation behaviour [SE 1]

Name of model Household life cycle model for residential relocation behaviour

Sources Nijkamp et al. (1993)

Technical data

Covered
area, physical
boundaries

Case study:
Greater Amster-
dam Area

Extent of area 350 square miles
/ About 800,000
peopleApplication area

Spatial units 20 zones Size or grain of
grids/zones

–

Time horizon Time step 1 year Duration of
model run

1971 – 1984

Modelling ap-
proach

Simulation
technique

Spatial economics Qualitative or
quantitative

Quantitative

Contents

Main purpose Modelling household life cycles and their impact on residential relocation be-
haviour and the urban housing market for a European capital city.

Main variables
with relationships

(1) households, (2) migration, (3) occupancy, (4) housing demand, (5) dwelling
supply in zones and dwelling types, (6) allocation of households.

Domain Not explicitly Temporal
range

–

Typology
(classes) of
agents?

Allocation of
household

→ if yes: what
types?

Households: single,
2-person house-
hold, 3-person
household, 4+
person household,
non-household

Human decision
making

Decision algo-
rithm

Rational choice,
maximum utility

Input into de-
cision

Population and
household data

Goals Authors’ opin-
ion

Successful runs, validation and scenarios.

Model development
process

Concept Given Quantification
of relationships

Empirical data

Living Reviews in Landscape Research
http://www.livingreviews.org/lrlr-2009-2

251

http://www.livingreviews.org/lrlr-2009-2


22 Dagmar Haase and Nina Schwarz

Table 4: Simulation of demographic changes and the housing market [SE 2]

Name of model Simulation of demographic changes and the housing market

Sources Mankiw and Weil (1989)

Technical data

Covered
area, physical
boundaries

U.S. cities (census) Extent of area – / 203,190 people
/ 74,565 house-
holdsApplication area

Spatial units U.S. cities (census) Size or grain of
grids/zones

–

Time horizon Time step 1 year Duration of
model run

1970 – 2007 or 2020

Modelling ap-
proach

Simulation
technique

Spatial economics Qualitative or
quantitative

Quantitative

Contents

Main purpose Simulation of demographic changes (baby boom and baby bust) and its influ-
ences on the housing market in the U.S.

Main variables
with relationships

(1) population, (2) households, (3) housing market (demand, prices), (4) econ-
omy (GNP)

Domain Not explicitly Temporal
range

–

Typology
(classes) of
agents?

Allocation of
household

→ if yes: what
types?

Dummy household

Human decision
making

Decision algo-
rithm

Rational choice,
maximum utility

Input into de-
cision

Census data

Goals Authors’ opin-
ion

Successful runs, validation and scenarios.

Model development
process

Concept Given Quantification
of relationships

Empirical data
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Table 5: A System Dynamics Approach to Land Use / Transportation System Performance Modeling
[SD 2]

Name of model A System Dynamics Approach to Land Use / Transportation System Perfor-
mance Modeling

Sources Haghani et al. (2003a,b)

Technical data

Covered
area, physical
boundaries

Varies with appli-
cation area; Case
study: Montgomery
County

Extent of area – / About 800,000
people

Application area

Spatial units U.S. cities (census) Size or grain of
grids/zones

–

Time horizon Time step 1 year Duration of
model run

C: 1970 – 1980
V: 1980 – 1990

Modelling ap-
proach

Simulation
technique

Spatial economics Qualitative or
quantitative

Quantitative

Contents

Main purpose Integrated land-use and transportation model for estimating scenarios regard-
ing transport policies

Main variables
with relationships

Seven sub-models: (1) population, (2) migration, (3) household, (4) job
growth, employment and commercial land development, (5) housing devel-
opment, (6) travel demand and (7) congestion.

Domain Not explicitly Temporal
range

–

Typology
(classes) of
agents?

Cohorts within
population sub-
model

→ if yes: what
types?

Persons: age 0–17,
18–44, 45–64, 65
male and female /
Households: single,
married with chil-
dren, married with-
out children, male
or female with chil-
dren, other

Human decision
making

Decision algo-
rithm

– Input into de-
cision

–

Goals Authors’ opin-
ion

First step is achieved, successful validation and scenar-
ios.

Model development
process

Concept Not stated Quantification
of relationships

Empirical data
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Table 6: CLUE-s (Conversion of Land Use and its Effects) [CA 1]

Name of model CLUE-s (Conversion of Land Use and its Effects)

Sources Verburg and Overmars (2007)

Technical data

Covered
area, physical
boundaries

User-specified /
Several examples
published

Extent of area User-specified

Application area

Spatial units CLUE: soft-
classified data
(large pixels with
fraction of land-
uses)

Size or grain of
grids/zones

User-specified /
CLUE: 7 to 32 km
/ CLUE-s:
20 to 1,000 m

Time horizon Time step Iterative process
stops when de-
mand for land-use
meets allocated
area

Duration of
model run

–

Modelling ap-
proach

Simulation
technique

Cellular automata Qualitative or
quantitative

Quantitative

Contents

Main purpose Tool for understanding land-use patterns, possible future scenarios for given
demand

Main variables
with relationships

Input: Pre-defined change in demand for land by different sectors for whole
simulation area → CLUE-s assigns new land-uses per grid
Each cell: most preferred land use based on suitability of location and com-
petitive advantage of different land use types (demand), check: is land use
change allowed? If no: next most preferred land use is chosen

Domain Not explicit deci-
sion making

Temporal
range

–

Typology
(classes) of
agents?

– → if yes: what
types?

–

Human decision
making

Decision algo-
rithm

– Input into de-
cision

–

Goals Authors’ opin-
ion

Case-study specific

Model development
process

Concept Not mentioned Quantification
of relationships

User-specified: em-
pirical analysis,
expert knowledge,
spatial interactions,
conversion elastici-
ties
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Table 7: CUF-2 (California Urban Futures) [CA 2]

Name of model CUF 2 (California Urban Futures)

Sources Landis and Zhang (1998a,b)

Technical data

Covered
area, physical
boundaries

San Francisco Bay
Area (California)

Extent of area 1.8 million ha

Application area

Spatial units Grid cells Size or grain of
grids/zones

100 × 100 m

Time horizon Time step Econometric:
10 years / Prob-
abilities for land
use change: once
per simulation

Duration of
model run

C: 1985 – 1995 /
S: ?

Modelling ap-
proach

Simulation
technique

Cellular automata Qualitative or
quantitative

Quantitative

Contents

Main purpose Simulating urban growth, scenarios for future development

Main variables
with relationships

Top-down approach: future trends of population, household, jobs → are
assigned to grid cells
Econometric models predict future population, households, employment
(10 year intervals)
LUC-model: estimates probabilities for land use change out of historical
data, and simulation engine assigns probabilities to cells
Probability of land use change (multinomial logit models) for a cell from
i to j = f (initial site use, site characteristics, site accessibility, community
characteristics, policy factors, relationships to neighbouring sites) → proba-
bilities are interpreted as bids for (re-)development → population and jobs
are assigned to cells by bids
7 urban land-use categories: undeveloped, single-family residential, multi-
family residential, commercial, industrial, transportation, public

Domain Not explicit deci-
sion making

Temporal
range

–

Typology
(classes) of
agents?

– → if yes: what
types?

–

Human decision
making

Decision algo-
rithm

– Input into de-
cision

–

Goals Authors’ opin-
ion

Achieved

Model development
process

Concept Not mentioned Quantification
of relationships

Calibration using
maps of land use
change
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Table 8: CURBA (California Urban and Biodiversity Analysis)(CA 3]

Name of model CURBA (California Urban and Biodiversity Analysis)

Sources Landis et al. (1998)

Technical data

Covered
area, physical
boundaries

San Francisco Bay
Area (California)

Extent of area See CUF-2

Application area

Spatial units Grid cells Size or grain of
grids/zones

100 × 100 m

Time horizon Time step Duration of
model run

Modelling ap-
proach

Simulation
technique

Cellular automata Qualitative or
quantitative

Quantitative

Contents

Main purpose Development of policy scenarios of urban growth, impact on habitat
change/biodiversity

Main variables
with relationships

Two components: (1) urban growth model and (2) policy simulation and
evaluation model / Urban growth model is based upon CUF-2
Policy simulation and evaluation: several growth scenarios → impact on
habitat change and habitat fragmentation

Domain No explicit decision
making

Temporal
range

-

Typology
(classes) of
agents?

– → if yes: what
types?

–

Human decision
making

Decision algo-
rithm

– Input into de-
cision

–

Goals Authors’ opin-
ion

Achieved

Model development
process

Concept See CUF-2 Quantification
of relationships

See CUF-2
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Table 9: ILUMASS (Integrated Land-Use Modelling and Transportation System Simulation) [ABM 1]

Name of model ILUMASS (Integrated Land-Use Modelling and Transportation System Sim-
ulation)

Sources Strauch et al. (2003); Moeckel et al. (2006)

Technical data

Covered
area, physical
boundaries

Dortmund and its
25 surrounding
municipalities

Extent of area About 2,000 km2 /
2.6 million people

Application area

Spatial units Statistical zones
(total: 246) and
grid cells

Size or grain of
grids/zones

Grid cells:
100 × 100 m

Time horizon Time step One year Duration of
model run

S: 2000 – 2030

Modelling ap-
proach

Simulation
technique

Coupled simulation
system including
agent-based simu-
lations

Qualitative or
quantitative

Quantitative

Contents

Main purpose Dynamic simulation model with a focus on urban traffic flows, including ac-
tivity behaviour, changes in land use, and effects on environment

Main variables
with relationships

Five modules (+ integration module): 1. changes in land use, 2. activity
patterns and travel demand, 3. traffic flows, 4. goods transport, 5. environ-
mental impacts of transportation and land use
Land use → demand for spatial interaction (work, shopping trips, etc.) →
traffic → environmental impacts
Feedbacks: (a) transport → accessibility of locations → location decisions
of households, firms, developers. (b) environmental factors → location deci-
sions (e.g., clean air, traffic noise)
Land use module: moving households, location of firms, investment of de-
velopers, new industrial area

Domain Various, e.g., trans-
port, household
location, daily ac-
tivity plans

Temporal
range

Depending upon
domain (daily
travel behaviour
vs. moving)

Typology
(classes) of
agents?

Yes → if yes: what
types?

Not mentioned

Human decision
making

Decision algo-
rithm

Various (Markov,
Logit, Monte-
Carlo)

Input into de-
cision

Depending upon
domain, feedbacks
included

Goals Authors’ opin-
ion

Time of report: work in progress, later papers all focus
on single modules

Model development
process

Concept Not mentioned Quantification
of relationships

Not mentioned
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Table 10: ILUTE (Integrated Land Use, Transportation, Environment model) [ABM 2]

Name of model ILUTE (Integrated Land Use, Transportation, Environment model)

Sources Salvini and Miller (2005); Miller et al. (2004)

Technical data

Covered
area, physical
boundaries

Tests for Toronto
area

Extent of area 5 million people

Application area

Spatial units Two versions: grids
and buildings

Size or grain of
grids/zones

2 parallel ap-
proaches: Grid:
30 × 30 m / Build-
ings as objects

Time horizon Time step Varying with sub-
models

Duration of
model run

V: 1986 – 2001 / S:
10 – 20 years into
future

Modelling ap-
proach

Simulation
technique

Agent-based simu-
lation

Qualitative or
quantitative

Quantitative

Contents

Main purpose Evolution of an entire urban region with emphasis on transport

Main variables
with relationships

Land development → location choice → activity schedule → activity patterns
→ back to land development and all other variables in chain transportation
network → automobile ownership → travel demand → network flows → back
to transportation network and all other variables in chain influences

Domain Activity/travelling
scheduling, route
choice, real es-
tate market, be-
haviour of econ-
omy, land devel-
opment, household
ownership

Temporal
range

Depends upon do-
main. E.g.: typical
travel day is com-
puted once per
simulation year per
agent type.

Typology
(classes) of
agents?

Yes → if yes: what
types?

For households,
individuals, firms

Human decision
making

Decision algo-
rithm

Rule-based: re-
ducing number
of choices / logit
model for selecting
the “best” option

Input into de-
cision

Not mentioned

Goals Authors’ opin-
ion

Work in progress

Model development
process

Concept Not mentioned Quantification
of relationships

Empirical data
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Table 11: Modelling biodiversity and land use [SD 3]

Name of model Modelling biodiversity and land use

Sources Eppink et al. (2004)

Technical data

Covered
area, physical
boundaries

No explicit rep-
resentation of a
specific area. Ur-
ban region with
surrounding area
including wetlands

Extent of area –

Application area

Spatial units No spatial resolu-
tion

Size or grain of
grids/zones

–

Time horizon Time step 1 year Duration of
model run

S: 100 years

Modelling ap-
proach

Simulation
technique

System dynamics Qualitative or
quantitative

Qualitative

Contents

Main purpose Assessing the impact of urban sprawl on wetland biodiversity and social welfare

Main variables
with relationships

Population growth within city → higher population density and more need
for agricultural land → expansionists attempt to buy surrounding area →
change of wetland area to urban area & more agriculture decrease wetland
biodiversity → conservationists’ valuation of remaining biodiversity increases
→ conservationists buy wetland area for nature protection

Domain Human decision
making is rep-
resented within
system dynamics
equations

Temporal
range

1 year

Typology
(classes) of
agents?

Yes → if yes: what
types?

Expansionists, con-
servationists (see
above) and owners
of land

Human decision
making

Decision algo-
rithm

Land is sold to the
highest bidder

Input into de-
cision

Prices offered by
conservationists
and expansionists.

Goals Authors’ opin-
ion

First step for improving relationship between economic
development and biodiversity

Model development
process

Concept Not mentioned Quantification
of relationships

Not mentioned
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Table 12: MOLAND [CA 4]

Name of model MOLAND

Sources Engelen et al. (2007)

Technical data

Covered
area, physical
boundaries

Several examples
across Europe and
elsewhere

Extent of area User-specified

Application area

Spatial units global: 1 zone /
regional: zones,
typically NUTS /
local: grid cells

Size or grain of
grids/zones

User-specified

Time horizon Time step annual Duration of
model run

C: last 40 – 50
years / S: user-
specified, normally
30 years

Simulation
technique

Mainly rule-based
cellular automata

Qualitative or
quantitative

Quantitative

Contents

Main purpose To monitor developments of urban areas and identify trends at the European
level, focus is on growth scenarios

Main variables
with relationships

Growth of economy and population (global level) → growth in competing
regions (regional level), sets boundaries for all cells in a region → rules for
land use change at the grid level: physical suitability, institutional suitabil-
ity (e.g., planning documents), accessibility (via transport network), dy-
namics at the local level (land use functions attracting or repelling each
other)
Feedback from grid level to regional level: spatial distribution leads to qual-
ity and availability of space for different activities, which influences compar-
ative attractiveness of a region

Domain No explicit decision
making

Temporal
range

–

Typology
(classes) of
agents?

– → if yes: what
types?

–

Human decision
making

Decision algo-
rithm

– Input into de-
cision

–

Goals Authors’ opin-
ion

Achieved

Model development
process

Concept Not mentioned Quantification
of relationships

Calibration with
historical data
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Table 13: PUMA (Predicting Urbanisation with Multi-Agents) [ABM 3]

Name of model PUMA (Predicting Urbanisation with Multi-Agents)

Sources Ettema et al. (2007)

Technical data

Covered
area, physical
boundaries

North Dutch
Ranstadt (includ-
ing Amsterdam,
Utrecht, Schiphol
airport)

Extent of area 3.16 million inhabi-
tants

Application area

Spatial units Grid cells (and
travel zones)

Size or grain of
grids/zones

500 × 500 m

Time horizon Time step 1 year / later: up
to daily

Duration of
model run

S: 2000 to approx.
2050

Modelling ap-
proach

Simulation
technique

Agent-based simu-
lation

Qualitative or
quantitative

Quantitative

Contents

Main purpose Predicting urbanisation using behavioural agents

Main variables
with relationships

Demographic change → decisions of individuals → land use change / Not yet
implemented: developers, authorities and firms/institutions (so far exogenous)
[impact of household’s decisions on land use not described]

Domain 1. demographic
events (no deci-
sions, just stochas-
tic)
2. residential
relocation
3. job changes

Temporal
range

Annual [Daily de-
cisions in future
work]

Typology
(classes) of
agents?

Yes → if yes: what
types?

Households: Num-
ber of adults and
children; age of
household head
[dwellings are
agents as well]

Human decision
making

Decision algo-
rithm

Rational choice
with utility max-
imisation

Input into de-
cision

Residential relo-
cation: character-
istics of dwelling,
commuting dis-
tance, socio-
demographics /
Job choice: salary,
job type, dis-
tance to dwelling,
personal prefer-
ences. . .

Goals Authors’ opin-
ion

Promising approach, still work in progress

Model development
process

Concept Empirical data Quantification
of relationships

Empirical data
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Table 14: Rotterdam urban dynamics [SD 4]

Name of model Rotterdam urban dynamics

Sources Sanders and Sanders (2004)

Technical data

Covered
area, physical
boundaries

Rotterdam Extent of area 100,000 acres

Application area

Spatial units 16 grid cells called
“zones”

Size or grain of
grids/zones

Squares with 3,125
miles each side

Time horizon Time step Duration of
model run

S: 250 years

Modelling ap-
proach

Simulation
technique

System dynamics Qualitative or
quantitative

Quantitative

Contents

Main purpose Redefining the model of urban dynamics by Forrester (1969), including: 1.
spatial dimension (16 squares) and 2. disaggregation: different types of hous-
ing, industry, and people in zones

Main variables
with relationships

Bi-directional causal loops between: population, housing availability, houses,
land availability, business structures, and job availability (linked with popu-
lation) / Two markets: labor market and housing market compete for land /
(no transportation)

Domain No explicit decision
making

Temporal
range

–

Typology
(classes) of
agents?

– → if yes: what
types?

–

Human decision
making

Decision algo-
rithm

– Input into de-
cision

–

Goals Authors’ opin-
ion

Case of Rotterdam only as an example for generic re-
sults

Model development
process

Concept Not mentioned Quantification
of relationships

Out of statistical
data and expert
knowledge
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Table 15: SCOPE (South Coast Outlook and Participation Experience) [SD 5]

Name of model SCOPE (South Coast Outlook and Participation Experience)

Sources Onsted (2002)

Technical data

Covered
area, physical
boundaries

South Coast of
Santa Barbara
County

Extent of area 137,000 acres /
Approx. 200,000
inhabitantsApplication area

Spatial units No spatial resolu-
tion

Size or grain of
grids/zones

–

Time horizon Time step Duration of
model run

V: 1960 – 2000 / S:
2000 – 2040

Modelling ap-
proach

Simulation
technique

System dynamics Qualitative or
quantitative

Quantitative

Contents

Main purpose Simulation model to provide scenarios for future land use in Santa Barbara,
e.g., with restrictions to urban growth

Main variables
with relationships

Five sectors: housing, population, business, quality of life, land use

Domain No explicit decision
making

Temporal
range

–

Typology
(classes) of
agents?

– → if yes: what
types?

–

Human decision
making

Decision algo-
rithm

– Input into de-
cision

–

Goals Authors’ opin-
ion

Achieved, but should still become more differentiated.

Model development
process

Concept Expert knowledge Quantification
of relationships

Assumptions and
statistical data
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Table 16: Simulation of polycentric urban growth dynamics through agents [ABM 4]

Name of model Simulation of polycentric urban growth dynamics through agents

Sources Loibl et al. (2007)

Technical data

Covered
area, physical
boundaries

Austrian Rhine
valley with
medium-sized cen-
tres and rural vil-
lages

Extent of area 7,330 hectares
built-up area /
260,000 inhabitants

Application area

Spatial units Grid cells Size or grain of
grids/zones

50 × 50 m cells

Time horizon Time step Simulation stops
when certain
household, popula-
tion and workplace
growth numbers
are achieved

Duration of
model run

V: 1990 – 2000 / S:
user-specified

Modelling ap-
proach

Simulation
technique

Agent-based simu-
lation

Qualitative or
quantitative

Quantitative

Contents

Main purpose Development of built-up area in peri-urban region, driven by households and
entrepreneurs; urban growth with different growth rates

Main variables
with relationships

Initialisation: increase of household and workplace numbers is defined
1. Municipality choice depending on regional attractiveness criteria (num-
bers of people, households and workplaces in the start of the year, average
travel time to district centres and capital city, average share of attractive
land-use classes in the municipality (open space, forest area) → household
growth and workplace growth per municipality → transformation of abso-
lute values into relative search frequencies → agents choose municipality via
discrete choice
2. Local target area search: start with random cell, choosing most attrac-
tive cell
3. land use change (new built-up area, higher density) → influencing local
attractiveness
Domain Causing the con-

struction of new
built-up area or
the densifica-
tion of existing
area, no moving
as ‘exchange’ of
dwellings

Temporal
range

Long-term (mov-
ing / start-up of
companies)

Typology
(classes) of
agents?

Yes → if yes: what
types?

Four household
types (1, 2, 3 or
4 persons) and
two entrepreneurs
(small and large)

Human decision
making

Decision algo-
rithm

Discrete choice Input into de-
cision

Regional and local
attractiveness

Goals Authors’ opin-
ion

Achieved

Model development
process

Concept Empirical data Quantification
of relationships

Empirical data
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Table 17: SLEUTH (Slope, Landuse, Exclusion, Urban Extend, Transportation and Hillshade) [CA 5]

Name of model SLEUTH (Slope, Landuse, Exclusion, Urban Extend, Transportation and Hill-
shade)

Sources Clarke et al. (1997); Silva and Clarke (2002); Dietzel and Clarke (2007)

Technical data

Covered
area, physical
boundaries

Numerous applica-
tions, mostly U.S.

Extent of area User-specified

Application area

Spatial units Grid cells Size or grain of
grids/zones

Input for model:
8-bit GIF
(100 × 100 m cells
can be converted)

Time horizon Time step 1 year Duration of
model run

C: at least 4 time
steps / S: User-
specified

Modelling ap-
proach

Simulation
technique

Cellular automata Qualitative or
quantitative

Quantitative

Contents

Main purpose Modelling urban growth, scenarios for future development of an urban region

Main variables
with relationships

Two components (use depends on available data):
(1) Urban growth: cells have one of two states: urban or non urban
(2) Urban land use change with different land-use types
Four types of growth behaviour: spontaneous, diffusive (with new growth
centres), organic (into surroundings) and road-influenced
Five main coefficients: diffusion, breed, spread, slope, and road coefficient
(need to be calibrated for each case study)
Self modification rules: e.g., concerning the kind of exponential or S-curve
growth; denser road network → road gravity factor increases; land avail-
ability decreases → slope resistance factor is decreased (more hilly areas);
spread factor increases over time

Domain No explicit decision
making

Temporal
range

–

Typology
(classes) of
agents?

– → if yes: what
types?

–

Human decision
making

Decision algo-
rithm

– Input into de-
cision

–

Goals Authors’ opin-
ion

Achieved

Model development
process

Concept Not mentioned Quantification
of relationships

Calibration using
historical maps
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Table 18: Urban dynamics [SD 1]

Name of model Urban dynamics

Sources Forrester (1969); Alfeld (1995)

Technical data

Covered
area, physical
boundaries

Either suburban or
core area (Forrester
1969: 2) / Exam-
ples mentioned in
Alfeld, 1995: Low-
ell, Boston, Con-
cord, Marlborough,
Palm Coast

Extent of area User-specified

Application area

Spatial units No spatial resolu-
tion

Size or grain of
grids/zones

–

Time horizon Time step Duration of
model run

S: Up to 250 years

Modelling ap-
proach

Simulation
technique

System dynamics Qualitative or
quantitative

Quantitative

Contents

Main purpose Modelling urban system in general, explicitly including “urban decline.” Ex-
amples: focus on a specific topic, e.g., rapid population growth, demolition, et
cetera, and therefore need specific models.

Main variables
with relationships

Original model by Forrester: Three subsystems: business, housing, population

Domain No explicit decision
making

Temporal
range

–

Typology
(classes) of
agents?

– → if yes: what
types?

–

Human decision
making

Decision algo-
rithm

– Input into de-
cision

–

Goals Authors’ opin-
ion

Achieved

Model development
process

Concept Expert knowledge Quantification
of relationships

Statistical data
and own estimation
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Table 19: Urban transformation process in the Haaglanden region [SD 6]

Name of model Simulating the urban transformation process in the Haaglanden region in the
Netherlands

Sources Eskinasi and Rouwette (2004)

Technical data

Covered
area, physical
boundaries

The Haaglanden
region, including
the Hague and sur-
rounding suburbs

Extent of area

Application area

Spatial units No spatial resolu-
tion

Size or grain of
grids/zones

–

Time horizon Time step Duration of
model run

S: 1998 – 2010

Modelling ap-
proach

Simulation
technique

System dynamics Qualitative or
quantitative

Qualitative

Contents

Main purpose Assessing the impact of future policy interventions on the social housing mar-
ket (specific: rate of building new dwellings)

Main variables
with relationships

Four stocks:
1 Commercial housing stock
2 Social housing stock
3 Waiting families
4 Supply of available social houses
Processes involved: Migration, demolition, construction

Domain No explicit decision
making

Temporal
range

–

Typology
(classes) of
agents?

– → if yes: what
types?

–

Human decision
making

Decision algo-
rithm

– Input into de-
cision

–

Goals Authors’ opin-
ion

Model is useful for its goal

Validation No (but impact of
process on stake-
holders is moni-
tored)

Plausibility
analysis

With stakeholders

Model development
process

Concept Participation of
stakeholders, nar-
rative approach

Quantification
of relationships

Empirical data or
expert guesses.
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Table 20: Urban travel system [SD 7]

Name of model A system dynamics model for the urban travel system

Sources Raux (2003)

Technical data

Covered
area, physical
boundaries

Hypothetical city Extent of area –

Application area

Spatial units No spatial resolu-
tion

Size or grain of
grids/zones

–

Time horizon Time step Duration of
model run

S: 20 years into the
future

Modelling ap-
proach

Simulation
technique

System dynamics Qualitative or
quantitative

Quantitative

Contents

Main purpose To simulate medium- and long-term effects of urban transport policies with
reference to sustainable travel

Main variables
with relationships

Seven major blocks: urbanisation, internal travel demand (trips within
system), car ownership, external travel demand (inflowing, outflowing and
through traffic), transportation (comparing supply and demand) and evalua-
tion (socioeconomic and environmental appraisals)

Domain No explicit decision
making

Temporal
range

–

Typology
(classes) of
agents?

– → if yes: what
types?

–

Human decision
making

Decision algo-
rithm

– Input into de-
cision

–

Goals Authors’ opin-
ion

Work in progress

Model development
process

Concept Expert knowledge Quantification
of relationships

Expert knowledge
and statistical val-
ues
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Table 21: UrbanSim [ABM 5]

Name of model UrbanSim

Sources Waddell (2006); Waddell et al. (2003)

Technical data

Covered
area, physical
boundaries

Several examples
in the U.S., Europe
and Asia

Extent of area User-specified

Application area

Spatial units Initially: mix-
ture of parcels and
zones / later: grid

Size or grain of
grids/zones

User-specified /
Cell: 150 × 150 m
regarded as default

Time horizon Time step 1 year Duration of
model run

User-specified

Modelling ap-
proach

Simulation
technique

Coupled simulation
models including
agent-based simu-
lations

Qualitative or
quantitative

Quantitative

Contents

Main purpose Link between transportation and land use; impact of different planning strate-
gies

Main variables
with relationships

Exogenous: (1) macroeconomics (population, employment) and (2) travel
demand (travel conditions). Six models:
1 Accessibility (output: access to workplaces and shops for each cell)
2 Transition (output: number of new jobs and new households per year)
3 Mobility (output: number of moving (existing) jobs / households)
4 Location (output: location of new or moving jobs / households)
5 Real Estate Development (output: land use change)
6 Land price (output: land prices)

Domain Mobility and loca-
tion

Temporal
range

Depends on issues

Typology
(classes) of
agents?

Initially households
/ firms, later per-
sons / jobs

→ if yes: what
types?

User-specified

Human decision
making

Decision algo-
rithm

Multinomial logit
model

Input into de-
cision

Land-use it-
self, socio-
demographics,
dwellings

Goals Authors’ opin-
ion

Achieved

Model development
process

Concept Not mentioned Quantification
of relationships

Out of empirical
data
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pp. 227–250, Newcastle (Cambridge Scholars Publishing). 5

Haase, D., Nuissl, H. (2007), “Does urban sprawl drive changes in the water balance and policy?:
The case of Leipzig (Germany) 1870–2003”, Landscape and Urban Planning , 80(1–2): 1–13,
doi:10.1016/j.landurbplan.2006.03.011. 5

Haghani, A., Lee, S.Y., Byun, J.H. (2003a), “A System Dynamics Approach to Land Use / Trans-
portation System Performance Modeling, Part I: Methodology”, Journal of Advanced Trans-
portation, 37(1): 1–41. 3, 1, 5

Haghani, A., Lee, S.Y., Byun, J.H. (2003b), “A System Dynamics Approach to Land Use / Trans-
portation System Performance Modeling, Part II: Application”, Journal of Advanced Trans-
portation, 37(1): 43–82. 3, 1, 5

Hansen, H.S. (2007), “An Adaptive Land-use Simulation Model for Integrated Coastal Zone Plan-
ning”, in The European Information Society. Leading the Way with GEO-information, (Eds.)
Fabrikant, S.I., Wachowicz, M., 10th Conference of the Association of Geographic Information
Laboratories for Europe (AGILE), held in Aalborg, Denmark, May 8 – 11 2007, Lecture Notes in
Geoinformation and Cartography, pp. 35–53, doi:10.1007/978-3-540-72385-1, Berlin; New York
(Springer). 4

Heinrichs, D., Kabisch, S. (2006), “Risikolebensraum Megacity: Strategien für eine nachhaltige
Entwicklung in Megastädten und Ballungszentren”, GAIA, 15(2): 157–159. 1.1

Hunt, J.D., Kriger, D.S., Miller, E.J. (2005), “Current Operational Urban Land-use–
Transport Modelling Frameworks: A Review”, Transport Reviews, 25(3): 329–376, doi:
10.1080/0144164052000336470. 1.2, 1.3

Iacono, M., Levinson, D., El-Geneidy, A. (2008), “Models of Transportation and Land Use
Change: A Guide to the Territory”, Journal of Planning Literature, 22(4): 323–340, doi:
10.1177/0885412207314010. 1.3

Johnson, M.P. (2001), “Environmental impacts of urban sprawl: a survey of the literature and
proposed research agenda”, Environment and Planning A, 33(4): 717–735, doi:10.1068/a3327.
1.1

Kasanko, M., Barredo, J.I., Lavalle, C., McCormick, N., Demicheli, L., Sagris, V.,
Brezger, A. (2006), “Are European cities becoming dispersed?: A comparative analysis
of 15 European urban areas”, Landscape and Urban Planning , 77(1–2): 111–130, doi:
10.1016/j.landurbplan.2005.02.003. 1.1

Lambin, E.F., Geist, H.J. (Eds.) (2006), Land-Use and Land-Cover Change: Local Processes,
Global Impacts, Global Change - The IGBP Series, Berlin (Springer). 1.1

Landis, J.D., Zhang, M. (1998a), “The second generation of the California urban futures model.
Part 1: Model logic and theory”, Environment and Planning B: Planning and Design, 25(5):
657–666, doi:10.1068/b250657. 3, 1, 7

Living Reviews in Landscape Research
http://www.livingreviews.org/lrlr-2009-2

272

http://www.ejtir.tbm.tudelft.nl/issues/2004_03/pdf/2004_03_05.pdf
http://dx.doi.org/10.1016/j.landurbplan.2006.03.011
http://dx.doi.org/10.1007/978-3-540-72385-1
http://dx.doi.org/10.1080/0144164052000336470
http://dx.doi.org/10.1080/0144164052000336470
http://dx.doi.org/10.1177/0885412207314010
http://dx.doi.org/10.1177/0885412207314010
http://dx.doi.org/10.1068/a3327
http://dx.doi.org/10.1016/j.landurbplan.2005.02.003
http://dx.doi.org/10.1016/j.landurbplan.2005.02.003
http://dx.doi.org/10.1068/b250657
http://www.livingreviews.org/lrlr-2009-2


Models on Human–Nature Interactions 43

Landis, J.D., Zhang, M. (1998b), “The second generation of the California urban futures model.
Part 2: Specification and calibration results of the land-use change submodel”, Environment and
Planning B: Planning and Design, 25(6): 795–824, doi:10.1068/b250795. 3, 1, 7

Landis, J.D., Monzon, J.P., Reilly, M., Cogan, C. (1998), Development and Pilot Application of the
California Urban and Biodiversity Analysis (CURBA) Model , Berkeley (University of California
at Berkeley). Related online version (cited on 2 April 2009):
http://iurd.berkeley.edu/sites/default/files/pubs/MG98-01.pdf. 3, 1, 8

Liu, J., Dietz, T., Carpenter, S.R., Alberti, M., Folke, C., Moran, E., Pell, A.N., Deadman, P.,
Kratz, T., Lubchenko, J., Ostrom, E., Quyang, Z., Provencher, W., Redman, C.L., Schneider,
S.H., Taylor, W.W. (2007), “Complexity of Coupled Human and Natural Systems”, Science,
317: 1513–1516, doi:10.1126/science.1144004. 1.1, 2
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ABSTRACT 
Urban remote sensing research and approaches to modelling residential mobility focus predomi-
nantly on growth patterns. In this paper, the phenomenon of extreme urban decline, named 
‘shrinkage’, is scrutinised. The different characteristics of urban decline are illuminated using a 
multi-scale approach. Selected patterns of the spatial growth and shrinkage are first calculated by 
means of satellite imagery for the City of Leipzig, Germany. Here, Landsat data for 1994 and 2005 
provide information regarding different phases of urban land use dynamics, thereby revealing a 
pattern of spatial expansion into the peri-urban surroundings. In addition, potential drivers of this 
detected pattern are investigated through analysis of municipal statistical data, at the local district 
level, providing evidence that urban growth in general and particularly shrinkage are results of 
population fluxes and migration. Because urban shrinkage can be found in both the central and 
peripheral parts of Leipzig City, an even more detailed scale, using a very high resolution (VHR) 
colour-infrared data set has then been integrated with the local district data, in order to achieve 
detailed information on intra-urban differentiation of both urban structure and fabric. Finally, using 
predictor variables such as fertility, life expectancy, migration and residential preferences, a proto-
type model approach is presented that analyses recent patterns of residential use and the related 
building vacancies that characterise the housing sector of a shrinking city.  

Keywords: Urban remote sensing, urban decline, shrinking city.  

INTRODUCTION 
The scientific background of urban shrinkage and demographic change in former industrial 
regions 
Tremendously high dynamics of urban change can be observed in the recent development of many 
Northern American and European cities: here, growth and decline processes occur simultaneously. 
On the one hand, in this particular case suburbanisation along with an expansion of residential and 
commercial areas occurs at the urban fringe. On the other hand, it simultaneously interacts with a 
declining population and a stagnating economy: a consequence of de-industrialisation. In the last 
50 years, about 370 cities with more than 100,000 inhabitants have undergone temporary or per-
manent population losses of more than 10%. In extreme cases, the rate of loss reached peaks of 
up to 90% (Âbâdân, Iran) (1). 

As a particular case, compact cities in Europe are faced with this diverging style development: in 
their inner parts we find a declining population (density) and, consequently an enormous increase 
of residential and commercial vacancy. This process stands in a fierce contrast to the continuous 
land at the periphery that is being built-up. As a result, such ‘shrinking cities’ are sprawling at their 
fringe and thus represent an urban form that is far from being sustainable. On the contrary, an un-
controlled perforation of the inner urban space can be observed in many recently declining cities 
(2). Accordingly, neither the paradigm of growth-driven development nor the related well-
established planning instruments work here. However, if seen as a kind of ‘counter development’ 
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this decline might be a chance to minimise the amount of future land consumption while restructur-
ing the inner parts of a shrinking city by redeveloping areas of residential vacancy as well as in-
creasing the settlement density and by reusing and recycling urban brownfields. Thus, new and 
attractive urban spaces could be created (3). 

Today, the number of depopulating and shrinking cities is increasing. Moreover, this is expected to 
be a lasting phenomenon. Between 1950 and 2000, for example, the number of shrinking cities 
increased by 330 %, whereas, among cities with more than 100,000 residents, there are only 
240% more as compared with 1950 (1). Thus, we find that, despite growth being held high on the 
political agenda, the number of shrinking cities has actually increased faster than the number of 
boomtowns. 

Most cities declining during the last 50 years are located in western industrial countries, particularly 
in the US (59), the UK (27), Germany (26) and Italy (23) (4). Since 1990, shrinking cities have in-
creasingly been found in the states of the former socialist Eastern Europe such as in Russia (13), 
the Ukraine (22) and Kazakhstan (13). Between 1950 and 2000, there have also been an above-
average number of shrinking cities in South Africa (17) and Japan (12). But ‘hot spots’ of this phe-
nomenon have been in Europe and in the USA. Shrinkage will also emerge in the growing conur-
bations of the developing world. In 35 years, less than 10% of the world's population will live in 
Europe or in the USA and some of the southern countries will be facing a general decrease in 
population, too (1). 

Research objectives 
The processes and pattern of decline highlighted in the introduction need to be observed and ex-
plained in terms of their spatial fingerprint, particularly in built-up structures intended to support 
sustainable management decisions. A methodological challenge and thus the focus of this paper is 
to develop an integrated multi-scale monitoring, mapping and modelling system in which remotely 
sensed land use information and demographic data taken from the municipal statistics (e.g. local 
neighbourhood, statistical district, city level) explain spatially, correspond scientifically and coincide 
with the development of a predictive model for the further development of residential mobility and 
vacancy. 

The potential of a combined urban monitoring and modelling approach is analysed. This is realised 
using (high resolution and VHR) remote sensing data to detect land use change, social statistics, 
in order to prove that population change and migration have a predictable impact. Finally, an 
agent-based spatially explicit model is used to figure out the effects of this demographic change for 
residential use and building vacancy. First, using remote sensing land use information and social 
science data predictor variables and properties for the agents (urban residents) are identified. 
Second, they are integrated into a rule-based model programmed in Java. Here, it will be dis-
cussed to what extent social science knowledge can be brought together with quantitatively based 
remote sensing methods, to feed such a model (5). The scales of work range from the total area of 
the city, to the intermediate unit of the urban local district, down to urban structure types and single 
buildings. 

In terms of the results achieved, the location of the growing and shrinking parts of the city will be 
shown. Moreover, the analyses presented here give an indication as to why understanding urban 
shrinkage requires both updated observation instruments / methodologies as well as spatial data 
integration procedures for model development. The paper draws on empirical evidence from east-
ern Germany where dramatic shrinkage processes in terms of economic decline and depopulation 
have been occurring since 1990. As stated before, the model approach concentrates on residential 
vacancy and shrinkage processes and does not, so far, touch the economic shrinkage and brown-
field development. 

Case Study: Leipzig, eastern Germany 
The City of Leipzig provides the empirical context for our investigation, since it is an illustrative ex-
ample of a city with negative demographic figures and a decrease in population, accompanied by 
numerous features of an economic decline. The main processes and patterns of the “shrinking” 
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Leipzig can be summarised in a dramatic decrease in birth rates that took place after the German 
reunification in 1990, an extreme loss of residents due to missing labour opportunities and high 
unemployment rates, and a decline of the inner urban population density due to suburbanisation 
processes (6). 

More than a century ago the city experienced a period of vibrant growth from the 1870s to the 
1930s, making it the country’s fourth city when it reached its population peak with more than 
700,000 inhabitants. An artificial economic push was launched right after the German reunification 
in 1990 with enormous institutional subsidies intended to attract capital and investments into east-
ern Germany (7). Combined with high unemployment and out-migration these financial incentives 
led to substantial misinvestments and had negative spatial development consequences, namely 
fostering a widespread and unbalanced urban growth or sprawl. As a consequence of expired in-
vestment promotions further residential suburbanisation is today also about to decline.  

• As a result, apartments and houses fall vacant. Residential vacancy is no longer restricted 
to uninhabitable and dilapidating housing stocks but also to completely renovated dwellings 
and building complexes. The supply outweighs the demand even if, at present, household 
numbers still continue to rise. Some residential districts exhibit vacancy rates higher than 
30%, a few even exceed 50% (own investigation). 

• This severely negative und unsustainable development of the housing sector has brought 
up the discussion of demolition of whole housing stocks. As a new strategy, a federal pro-
gram of urban restructuring and demolition was launched (8). It operates in terms of a 
guideline to organise and finance both, to demolish overhang of (vacant) housing stock and 
the revaluation of the remaining residential areas. Furthermore, the analysis of this program 
represents a scientific challenge, requiring techniques suitable for examining urban 
monitoring and modelling procedures intended to support the implementation of such a 
policy.  

METHODS 
Urban monitoring using remotely-sensed data 
Remote sensing plays a valuable role in mapping and characterising urban agglomerations: their 
growth and decline as well as environmental effects and impacts of urbanisation phenomena (9). 
In this case study remote sensing is applied on two levels to give insight into the development and 
the structure of the City. First, Landsat TM data were used to analyse the regional urban system, to 
give quantitative measures and their local distribution concerning the different land uses identified 
for Leipzig, and to register the major changes and dynamics of growth and shrinkage patterns. 
Second, ColorInfraRed (CIR) images were taken because such data facilitate improved discrimina-
tion between attributes in the dense and heterogeneous milieu of the old urban cores that are 
characteristic of European cities. This data set helps to disentangle the urban fabric in these rap-
idly changing urban spaces (10). 

The urban milieu poses far greater problems than the non-urban systems, in that identical spectral 
reflectance values can correspond to very different land uses and their functions. Hence a direct 
relationship between the spectral response and land cover (e.g. vegetation, water) is not prominent 
in this environment (11,12;13). So beyond land cover classes, which can be directly observed, 
land use classes are defined using expert knowledge. Mappings of land use and its changes were 
taken from the Landsat satellite series. For 1994 Landsat TM imagery was available (21/07/1994) 
and for the year 2002 a Landsat ETM scene was used dated from 20/08/2002. For the City of 
Leipzig these two sets of satellite images were utilised to follow the spatial development over the 
period of 1994 to 2002 and to observe land use changes within a very dynamic time period of spa-
tial expansion and continuous population loss, as described above. In order to map land use a 
Maximum-Likelihood classification was carried out for each image. So a quantitative measure was 
gained for the proportion and distribution of different land use / land cover classes for two time 
slots. The overall accuracy of this Maximum-Likelihood classification is about 85% for the year 
1994 and approximately 82% for 2002 (14).  
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Table 1 shows the significances of the accuracy of the different land use classes for the two time 
slots. The major difference between the results achieved for the two acquisition dates is that in 
1994 the climate conditions showed a hot and dry summer whereas in 2002 the images were taken 
only two weeks after a severe inundation of rain in east Germany. So the spectral response of the 
soil varied immensely.  In particular, either parks and grassland or bare soil were wrongly assigned 
as farmland. The main goal, however, was to distinguish the built-up class from pervious land use 
and land cover classes, and to gain information on the amount and directions in which the city was 
growing and shrinking.  

Table 1: Accuracy assessment in 1994 and 2002. 

Land use  User’s Accuracy Kappa coefficient 
 1994 2002 1994 2002 
Water   98.4 100.0 0.9347 1.0000 
Urban Woodland   82.7   75.4 0.8139 0.7104 
Parks/ Grassland   88.3   88.5 0.8585 0.8656 
Farmland   73.7   69.6 0.6998 0.6796 
Impervious Surface   84.1   78.6 0.8087 0.7284 
Bare Soil   84.0   80.3 0.7963 0.8004 
Overall accuracy   85.2   82.1 0.8186 0.7974 

 
Figure 1 shows the spatial distribution of the most significant changed land uses and assigning 
from and to which land use class the changes occur. Change detection highlights suburbanisation 
processes with inherent growth patterns and the expansion of impervious surface for large and 
adjacent areas at this spatial scale. Spatially less remarkable land use variations in more central 
urban districts are characterised by a high building density. Some of these areas are ‘shrinking’ 
today. However, it is problematic to detect this using the change detection methodology on the city 
scale. This process underlies environmental and economic impacts that take place on a larger 
scale and which have been detected using CIR orthophotos. So, at the city scale, the most signifi-
cant changes are portrayed in a kind of belt around the central part of the urban area where the 
city is growing in terms of residential, commercial and transportation land uses. The share of farm-
land and arable land is decreasing in favour of new impervious surface for urban land. 

A range of different change detection procedures comprises multispectral change detection meth-
ods, as well as change detection through spatial / textural / numerical analysis (15;16). Some of 
them, such as the concepts and uses of fractal dimension and spatial autocorrelation indices can 
be applied to change detection using uninterpreted or unclassified images. In the context of this 
study the quantified land use portions were of interest for each time slot so each image was classi-
fied first and then the post-classification comparison was calculated. The uncertainties of this 
method are that the accuracy of the change class information depends on the accuracy of the reg-
istration of multi-date images as well as on the accuracy of the separate single-date classifications 
(17). To achieve success two rules are paramount: First, using identical classification procedures 
for both dates, and second, using the same information classes for both dates (18). The remote 
sensing monitoring on the overall city scale gives insight regarding growth rate and growth distribu-
tion. Then, a further in-depth study is carried out in the second part of the remote sensing research 
concentrating on the object-oriented CIR classification on a very large scale. 

The classification and change detection results were then overlaid over the socio-demographic 
data (see section “Mapping demographic change and de-concentration” and Figures 3 and 4). The 
purpose was to determine if the changes in the built-up structure of Leipzig correlated with the so-
cial, demographic, or economic indicators. These indicators are mapped on the scale of local dis-
tricts which correspond well to the derived classifications. This meant that the areas of high 
dynamics could be discerned. This analysis revealed that growth rates in suburban impervious 
surface and thus in new buildings and infrastructure go along with an increase in population figures 
in the very same local districts but that the high inner urban imperviousness and building structure 
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the very same local districts but that the high inner urban imperviousness and building structure did 
not correlate with population figures and density any more (19). 

 
Figure 1: Change detection based on two classifications from Landsat data 21/07/1994 and 
20/08/2002. 

A more detailed RS data set is needed in order to monitor and analyse the land use information of 
the sample city, especially the information regarding the urban fabric, at the scale of each individ-
ual local district. Therefore, ColorInfraRed (CIR) imagery from the 29/07/2002 is used to calculate 
the different forms and structures of the built-up and natural land within the city by means of an 
object-based classification approach (20). The classification shows that single buildings can be 
extracted and that the type of the building can be assigned. The object identification procedure can 
also be applied for land cover types such as water bodies, natural vegetation and paved surfaces 
that do not belong to buildings because the imagery possesses a ground resolution of 40 cm. With 
variations between the different municipal districts classified, an overall accuracy rate of 82% was 
achieved. This classification represents the period in time before most of the demolition of vacant 
housing stocks started (2003/2004) (20). 

This object-oriented classification was overlaid with digital ATKIS (Official Topographic-
Cartographic Information System of Germany) data, updated in 2006, which served as a base for a 
ground-truth mapping undertaken in 2005, and was used to check the building inventory, and to 
quantify and localise the demolition sites for the period 2002 to 2005 (Figure 2 and Table 3).  
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Figure 2: Classification of four local districts in the eastern part of Leipzig using digital CIR photos. 
Changes in the existence of buildings such as “demolished buildings” and “new buildings” are 
taken from GIS data sets 

Regarding the challenges of urban planning and the goal of a compact urban body, the focus of 
the statistics is laid over the quantity and urban fabric of demolished houses. The total area of 
building cover is approximately 112 hectare and makes up about 20% of the total area of the four 
local districts. The area of impervious surface includes streets, parking lots and other paved facili-
ties that do not belong to buildings. Together with open spaces this area covers the largest part of 
the test site at approximately 80 % of the total area. The largest proportion of demolished houses 
is taken by the Wilhelmeanian style row-to-row houses at more than 60% of these demolitions. 
This is due to the fact that in the eastern part of Leipzig (“east side”), which is the location of the 
test site, renovation of this type of building happened rather late in comparison with other parts of 
the city. Statistically, in the category of derelict land, this structure type is followed by industrial and 
commercial sites, which represent about 28% of all demolished buildings (Table 2) (20). It is hard 
to make these sites attractive for redevelopment because the city infrastructure now offers better 
access for commercial sites in suburbia than for those in the more central parts of the city. The 
overall result of about eight hectare of demolished houses is a high amount of rapidly created open 
spaces.  However, hardly any demand on new buildings and new development of these open 
spaces has taken place. So there is now a plentiful supply of open spaces for redevelopment and 
a chance for a difficult area under demolition to change its face (21). 
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Table 2: Portion of built-up land use in 2002 (derived from CIR imagery) 

Land use in 2002 ha % 
Total area of buildings 112.02 20.59 
Total area of impervious surface and open spaces 432.25 79.41 

Total area of 4 local districts  544.27 100.0
0 

Table 3: Portion and type of demolished buildings between 2002 and 2005 

Demolished buildings  ha % 
Portion of total 

area of buildings 
in % 

(Dis)continuous Wilhelmeanian style row 
houses (1870-1918) 5.06   62.49 4.53 

Prefabricated housing estates (since 1960) 0.06     0.71 0.05 
Industrial and commercial sites 2.27   28.06 2.04 
Apartment blocks 0.29     3.59 0.26 
Other buildings 0.42     5.15 0.35 

Total of demolished buildings 8.10 100.00 7.23 

 
Mapping demographic change and de-concentration 
When analysing and explaining the detected land use changes (as given in Figure 1) socio-
demographic statistical data for the Municipality of Leipzig have been studied for 1994 and 2002. 
Assuming that, beside the economic variables, demography is the other main driver of urban, par-
ticularly urban residential, land use change, including changes in its spatial configuration, the 
demographic change between 1994 and 2002 were investigated. Based on the statistical data of 
the Office for Statistics and Elections of the City of Leipzig the population change between 1994 
and 2002 was determined for two spatial levels: for the whole city and for each of the 63 local dis-
tricts. With respect to the most important reasons for population decline, migration is one of the 
top-most drivers. So, migration, including its dynamics, was analysed for 1994 and 2002. Compar-
ing both changes of population and the balance between in- and out-migration, it was possible to 
find out the spatial distinctions in the demographic development at the level of local districts and to 
study their interrelations.  

Many eastern German cities have undergone a substantial land use change since 1990. This 
process corresponds strongly with an extreme demographic change. Based on the total population 
change and migration time series data provided by the Municipality of Leipzig, the overall demo-
graphic development is given in Figures 3 and 4. Having quantified the statistics and overlaid them 
with these spatial units it becomes obvious that the City of Leipzig is a shrinking city as the com-
bined result of a drop in fertility and a massive out-migration since 1990 (statistically proved since 
1994). The decline is accompanied by a smart growth at the urban fringe. This contrasts sharply 
with the total population figures: 521,539 inhabitants (with primary residence) lived in the 63 local 
districts in 1994, whereas in 2002 the total population of Leipzig decreased to 481,025 inhabitants. 
This is an overall decrease of 40,514 residents within less than ten years and corresponds to a 
population decline of 7.8%. The 37 inner-city districts belong to the most substantially declining 
districts due to a migration to the other more peripheral 26 local districts (see Figure 3). This re-
flects the spatial process of suburbanisation found in the change detection analysis of the satellite 
imagery. Until 1998, out-migration clearly exceeded in-migration.  

In 1999, this trend stopped. What is more, since then, Leipzig has turned around to have a 
(slightly) positive migration balance. In addition to the overall migration balance an internal migra-
tion within the city, at district level occurs, and has increasing importance (22). This internal resi-
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dential mobility is of great interest when explaining and modelling residential patterns and respec-
tively, residential vacancy. Modelling these residential patterns means finding out why certain dis-
tricts are preferred over others when rental costs are generally at a low level everywhere. As an 
overall observation suburbs today do not grow as much as in the mid 1990s. Extreme contrasts are 
observed in the central inner municipal districts, where residential vacancy and subsequent demo-
lition of houses is taking place opposite vital districts undergoing considerable regeneration activ-
ity.  

Figure 3: Population change in Leipzig between 
1994 and 2002 based on municipal statistics. 

Figure 4: Migration balance in Leipzig between 
1994 and 2002 based on municipal statistics.  

Modelling residential mobility and residential vacancy under conditions of shrinkage using 
spatial and socio-demographic predictor variables  
In order to analyse land use change and particularly the demolition of the urban fabric in shrinking 
cities, models can be used as innovative tools to support urban spatial planning, with scenarios 
being fed from monitoring data, which are thus based on ground truth and empirical evidence (23). 
Frequently used approaches in urban modelling, which deal with interactions between urban land-
use changes and their socio-economic driving forces are, among others, logit models of discrete 
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choice (24), more or less complex cellular automata (CA) models (25,26), and rule or agent-
based models (ABM) (27,28,29). Most CA and ABM model-applications, however, deal with ur-
ban growth as the predominant form of urban development, whereas the process of urban shrink-
age and related residential vacancy still remains outside of the focus (30).  

Shrinkage, as an issue for urban modelling, requires additional agent-based, i.e. household-related 
knowledge and ideas about the spatial effect of migration processes in a depopulating city, if one is 
to explain the creation of massive stands of residential vacancy. A model approach has to focus on 
predicator variables and indicators that set the demands of the households into relation with the 
supply of housing space. Further the model needs to be calibrated with annual municipal data on 
population growth (fertility – mortality + migration). In doing so, such a model uses evidence pro-
vided by quantitative socio-demographic statistics as discussed in the previous section of the pa-
per. The spatial implementation of different housing types in the model, such as apartment blocks 
or (dis)continous Wilhelmeanian style row houses, is based on data from time series created using 
the satellite imagery change detection maps presented in section 1 (Figure 2). In order to create 
knowledge on development and progress of residential vacancy as a function of residential mobility 
under conditions of excess apartment supply, an innovative ABM framework is formulated working 
with household types and residential choices. For these model components the above discussed 
spatio-temporal land use data and socio-demographic analyses are utilised (Figure 5). 

 
Figure 5: Model concept to operationalise residential mobility. 

Due to empirical findings of sociological surveys (31) new age groups and household forms have 
been identified as crucial socio-demographic factors of residential mobility under shrinkage condi-
tions. Furthermore, recent research has brought up the observation that households act as nexus 
points between changing demographics and residents’ housing preferences and thus households 
are the agents of the housing markets (32). Therefore, they represent the agents in the model.  

In a first step, a population model translates cohort-based population development into household 
types (singles, cohabitation “dinks”, patchwork families, single-parent families, elderly cohabitation 
households, flat-sharers). Here, we achieve a very good accordance with municipal statistical data 
of Leipzig from 1994 to 2005 (33). An attractiveness indicator matrix on housing preferences for 
each household (social neighbourhood, housing form, prices, security, transportation, greenery, 
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social infrastructure, shopping facilities etc.) at municipal district and building level is used to 
formulate a preference-restriction profile for each model agent to simulate their residential mobility 
(Figure 6). According to the ranking of the variables out of municipal statistics and the question-
naire survey, each indicator has been weighted randomly within a restricted range of values (Fig-
ure 6). As the main output of the model we achieve an annual household and cohort distribution for 
each house for the whole city of Leipzig, which gives us a number of vacant flats and, on that basis 
we can calculate a demolition rate for each municipal district (cf. again Figure 5).  

 
Figure 6: Example taken from the classification scheme showing the building structure and building 
classes “apartment blocks”, “detached and semi-detached houses”, and “discontinuous Wilhel-
meanian style multi-storey houses” as well as the vegetation structure (“parks” and “community 
gardens”) - Spatial units of the housing sector serve as prerequisite to which a social science data 
based preference matrix with the indicators I1…n is applied. 

Furthermore, a layer of residential vacancy is part of the output file of the micro-simulation with the 
same spatio-temporal resolution (Figure 7). It is calculated using the equation 
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where Mh is the migration choice, Vac the residential vacancy and Ph/min the persistence of a 
household in a flat. The simulated vacancy has been plotted against expert estimations of current 
vacancies associated with the municipal districts (as done in Figure 7) and shows a very satisfying 
accordance. As a next step of the model analysis, the simulated vacancies are set against the 
classified residential vacancy of the object-oriented classification scheme (as shown in Figure 2). 

In the next phase, contextual (policy, legal, planning, conceptual) constraints will be implemented 
using spatially implicit information such as verbal arguments and guidelines as well as spatially 
explicit data in form of planning maps. As one pathway of urban shrinkage the following ‘compact 
city concept’ is preferred by regional policy makers of Saxony and Leipzig: The centre of the city is 
foreseen to be preserved as a functional core, to maintain urban quality of life in compact struc-
tures and to avoid urban perforation. Demolition activities should be concentrated at the periphery. 
In fact, in many cases, those concepts of the policy makers are not in line with those of the housing 
enterprises who take the final decision regarding demolition of their housing stock. Despite being a 
problem, shrinkage and demolition of vacant housing estates also provide new place for other uses 
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such as spacious living, less density and more greenery in neighbourhoods, which is equal to the 
typical suburban housing advantages. 

 
Figure 7: Simulated versus ‘measured’ residential vacancy in Leipzig for 2004: The first model runs 
show that the share of residential vacancy of the municipal districts of Leipzig (n=63) is well pre-
dicted with the model that bases on both the classes of urban land (use) structures derived from 
VHR imagery and the respective changes as well as on socio-demographic predictor variables 
derived from time series. The results are plotted for 2004, the most recent reliable estimation of 
residential vacancy for the city by local authorities and the Office for Statistics and Elections. 
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District of Neustadt-Neuschönefeld 
(Wilhelmeanian estates;  

negative image) 

District of Südvorstadt 
(Wilhelmeanian estates;  

positive image) 

District of Grünau-Nord 
(GDR-time prefabricated estates) 

Figure 8: Predicted residential vacancy (%) for different old and new built-up residential housing 
types for Leipzig until 2025.  

RESULTS & DISCUSSION 
The presented study comprises monitoring of land use changes and mapping of socio-
demographic dynamics right after the political transition in eastern Germany, combined with model-
ling of residential mobility. After having identified spatial suburbanisation processes, which were 
accompanied by urban growth at the urban fringe and urban shrinkage in the central part of the 
city, a new focus in urban land use monitoring activities was taken, deriving urban structure types 
from very high resolution (VHR) data. With respect to remote sensing methods two different data 
sets and approaches were applied: the multispectral classification and post classification compari-
son of TM imageries supported the monitoring of urban growth and shrinking processes in this very 
dynamic region. The object-oriented fuzzy classification of a VHR data set is compared with ATKIS 
(official topographic-cartographic information system of Germany) data in order to produce a 
change detection for the process of demolition of houses, which is a special feature of the massive 
residential vacancy typical for shrinking cities. 
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The assignment of demolished houses to specific urban structure types is another special contribu-
tion arising from the application of the approach presented here. Beside their obvious dependence 
upon economic variables, urban land use changes are mainly related to the demographic devel-
opment of a city. In the integrated monitoring and model approach presented above, we assume 
that there is a causal relation between the built-up environment (housing and infrastructure), the 
configuration of urban open spaces and demographic processes (first of all migration). Initial re-
sults of this model of residential mobility in Leipzig and a respective picture of residential vacancy 
support the presumption that different household types prefer different housing environments and 
structures, and that, under a typical pattern of residential behaviour, residential vacancies are cre-
ated. To validate the model results and to set a relationship between residential vacancy and 
demolition processes there is the need to create valid data of urban land use change at building 
level. This brings the model and the paper back to the VHR based object-oriented classification 
where next steps in the research will be focused on investigating how data sets on urban structure 
types can be reliably reproduced so that demolition and, respectively, new built-up areas can be 
monitored regularly on a local scale. 
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Abstract 
Urban growth has been replaced by stagnation and shrinkage processes at many places in Europe during the last decades. 
Demographic changes and out-migration because of lack of jobs belong to the main impact factors. Urban planners are chal-
lenged by this new and dramatic development that impacts on housing markets, the utilization of infrastructure, local labor 
markets and the whole viability of urban structures. Urban Research is requested to elaborate new concepts and strategies for 
cities loosing population, facing a big amount of vacant building stock and a large-area re-use of brown-fields. 
The purpose of this paper is to analyze the chances and limits of urban modeling to explain and assess urban shrinkage proc-
esses in their quantitative and qualitative dimension. First, expertise of new shrinkage processes is investigated in order to 
explain the need for urban modeling concepts. Second, it is discussed to what extend often misrepresented ‘fuzzy’ social sci-
ence knowledge about urban shrinkage can be brought methodically together with ‘sizable’-data-based urban models. Third, 
variables and a prototype model structure are presented to approach to an urban shrinkage model. Finally, novel scientific 
questions and recommendations for further cooperation of social science and urban modeling are presented.   
 
Keywords 
Shrinkage, demographic change, European cities, quantitative and qualitative research, urban modeling 

 

1.    Introduction 

1.1. The context of urban shrinkage and demo-
graphic change in Europe 

Urban shrinkage is not a new phenomenon. Historically 
seen, urban populations were decimated by warfare, natu-
ral hazards and epidemic plagues. A recent phase of 
shrinkage began after 1945. Since then, urban growth has 
been replaced by stagnation and shrinkage processes in 
many countries. Having started in Europe’s old industrial 
regions like Northern England, the Scottish Clyde side or 
Lorraine, and the “rust belt” in Northern America, these 
processes affect today city regions throughout Europe and 
world-wide. Recent shrinkage processes affect more and 
more Eastern European, Japanese and South African cities 
(Rieniets, 2004). Although if not whole urban Europe is 
affected by shrinkage and there are yet growing cities like 
most of the capitals, our paper presents empirical evi-
dence from Eastern Germany as an especially striking 
example of city shrinking that is related to dramatic socio-
economic changes after the reunification in 1989. We 
focus on this extreme example since it shows how shrink-
age unhinges hitherto concepts of urban development.  

Shrinkage processes unveil that we have to deal in the 
future with urban regions beyond growth: with cities loos-
ing inhabitants, housing stock falling vacant, residential 
and commercial areas remain empty and un-used and in-
frastructures getting under-used. It is mainly demographic 
change including decreasing birth rates, ageing, and post-

ponement of marriage and childbearing that brings about 
such developments on the one hand (Haase et al., 2005). 
On the other hand, many young and well-trained people 
are forced to out-migrate because of closure of companies 
and unemployment. As a consequence, the socio-spatial 
imbalances within a city corpus are rising. Deprived areas 
losing residents are to be found in close neighborhood 
with upgrading districts. Disproportions between supply 
and demand of housing and urban services are rising. At 
most places, shrinkage processes in the core city coincide 
with further urban sprawl and land consumption (Couch 
et al., 2005; Nuissl & Rink, 2005). The intra-urban differ-
entiation is accompanied by regional differentiation. 
Within the country, economically sound and growing re-
gions exist in an ocean of decline and downgrading 
(Fig.1).   

Urban policy makers are challenged by this new and very 
complex development – the paradigm of growth has to be 
replaced also in practice-related thinking and in develop-
ing new strategic goals for urban futures, treating shrink-
age not only as a menace but also as a chance for re-
shaping urban spaces (Hannemann, 2000). 

During the last years, research discovered shrinkage as a 
blind spot that urged to be lightened. A body of inter- and 
transdisciplinary expertise on shrinkage has developed. 
Whilst studies on Eastern Germany where urban shrink-
age appears in its most dramatic form occupy a kind of 
‘forerunner’ role (Kabisch, 2006), the comparative view 
on shrinking European cityscapes suffers still from a lack 
of empirical evidence except from rare examples (Bernt & 
Kabisch, 2003). Knowledge on shrinkage processes, their 

327



origins and consequences for urban systems gains more 
importance in particular for modeling since modelers are 
challenged to develop new approaches, indicator sets and 
rule systems (Haase et al., 2006). 

 
Legend: dark blue = strong decrease, light blue = smooth decrease, beige 
= stable, light red = smooth growth, dark red = strong growth. 

Figure 1: “Islands of growth in shrinking landscapes” – spatial 
simulation of population development in Germany until 2020, 
BBR-prognosis (BBR 2005). 

1.2. Research objectives 

Set against this background, this paper analyses the 
chances and limits of urban modeling to develop an ap-
proach to explain and assess urban shrinkage processes in 
their quantitative and qualitative dimension. After having 
identified predictor variables for the new ‘process qual-
ity‘of shrinkage in the areas of population, housing, urban 
pattern, land use and response from urban planning, it 
discusses to what extend social science knowledge can be 
brought together with quantitatively based urban model 
concepts. Methodically, the paper figures out  

(1) in what way shrinkage processes challenge hith-
erto existing urban modeling approaches,  

(2) why this shrinkage phenomenon demands both, 
updated prognostic and observation instruments 
as well as procedures, 

(3) what kind of methodical implications for the de-
velopment of an urban model that includes 
shrinkage as a accepted urban development strat-
egy are required.  

To allow for a more detailed picture, the paper draws on 
empirical evidence from Eastern Germany where dra-
matic shrinkage processes pre-dominate the urban pres-
ence and future alike.  

 

1.3. Case study: Eastern Germany 

The recent development in Eastern Germany is a case in 
point to show an ‘advanced’ or even ‘extreme’ stage of 
shrinkage and its impact on urban development, housing 
markets and usage of infrastructures. Shrinkage is pushed 
by three reasons: Firstly by a sharp decrease in birth rates 
after the political change in 1990 that brought Eastern 
Germany lowest-low birth rates in Europe (0.77 children 
per woman in 1995; INKAR, 2003). Secondly, most of 
Eastern German cities have been facing dramatic losses of 
inhabitants due to job-driven out-migration to the western 
part of the country. And a third reason is the wide-spread 
suburbanization during the 1990s (Haase & Nuissl, 2006; 
Couch et al., 2005).  

Eastern Germany was faced with loss of population after 
1989 of about 1.2 million people (8% of whole stock). 
Most cities lost between 10 and 20% of their residents 
(mean for big cities 1990-1999 16%). Extreme cases such 
as Weißwasser, Hoyerswerda and Wolfen lost between 
30-40% of their inhabitants. Such type of city was mostly 
dominated by one major enterprise or administrative au-
thority which was closed down after 1990. As result, eco-
nomic base and local identity of these places eroded dra-
matically.   

In consequence, flats and houses are falling vacant. Va-
cancy is no more restricted to uninhabitable housing but 
also to completely renovated building stock. The supply 
outweighs the demand even if at present household num-
bers still continue to rise. Whole residential districts ex-
hibit vacancy rates higher than 30 or even 50%.  

In this vein, demolition came into serious discussion. As a 
new strategy, a federal program of urban restructuring 
(BMVBW, 2003) operates in terms of a guideline to or-
ganize and finance the demolition of overhang of housing 
stock and revaluation of the remaining residential areas. It 
further represents a scientific approach to deal with urban 
development under the conditions of non-growth and 
shrinkage.  

The dramatic appearance of shrinkage in Eastern Ger-
many produced a flurry of scholarly activities in different 
social sciences. Conceptual frameworks such as gentrifi-
cation or regeneration are about to be modified and 
adapted to local settings, rarely used approaches like reur-
banisation are suggested as explanatory frames and strate-
gies to counteract inner-urban shrinkage. In case of cities 
that are loosing considerable parts of their housing stock 
and inhabitants, brand-new ideas like the one of ‘tempo-
rary residential areas’ that still exist but will see a com-
plete demolition in a foreseeable future have entered the 
scientific debate.  
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2.    Shrinkage processes and pattern as a 
challenge for urban modeling 

2.1 Urban modeling: debate and approaches  

In order to analyze land conversion and decline of the 
urban fabric in cities caused by the processes described 
above, models can be used as innovative tools to support 
spatial urban planning. Frequently used approaches in 
urban modeling are agent-based models (Miller et al., 
2004; Waddell, 2002), logit models of discrete choice 
(Landis & Zhang, 1998a; 1998b) and complex cellular 
automata (CA) models (Silva & Clarke, 2002; Clarke et 
al., 1997; White et al., 1997; Wu & Webster, 1998).  

Urban models that deal with interactions between urban 
land-use change and its socioeconomic driving forces are 
mainly implemented as agent-based models (ABM). 
These models often incorporate discrete choice theory 
(Ben-Akiva & Lerman, 1985). The application of agent-
based models is reshaping agents’ activities from immo-
bile decision to mobile action within a virtual space (Loibl 
& Tötzer, 2003). Most CA and ABM model-applications 
however deal with urban growth as the predominant form 
of urban development whereas the process of urban 
shrinkage remains still out of focus (Haase, 2006). 

The determining factors of shrinkage and the agents of 
this change, e.g. new household compositions, are only 
partly sizable as ‘quantifiable items’. Urban modeling 
faces the necessity to find new approaches that anticipate 
future development trends on condition of simultaneous 
processes of growth and shrinkage. 

2.2 Pre-requisites to model urban shrinkage  

In order to approach to an urban shrinkage model the fol-
lowing aspects have to be considered: 

(1) Shrinkage as an urban phenomenon seeks for addi-
tional experience-based and agent-, i.e. household-related, 
knowledge to explain the process.  
(2) A model approach has to focus on the development of 
predicator variables and indicators for shrinkage. 
(3) The model concept needs to use evidence provided by 
quantitative social surveys and statistics.  
(4) The model has to incorporate variables that are not 
simply sizable or to draw them from statistics in form of 
proxy, fuzzy or probability data (e.g. household struc-
tures, mobility behavior, decisions by housing market 
players, interview panel data).  
(5) In doing so, social scientists have to accept that de-
pendent (=specific) data are taken as ‘pattern’ for a devel-
opment to be simulated as an ‘ordinary or standard case’ 
(e.g. household structure per ‘urban fabric type’ or ‘typi-
cal mobility behavior per household type’). 
(6) Social scientists are requested to provide modelers 
with quantitative and qualitative proxy-data that could by 
classified, (dis)aggregated or translated into model rules. 
Our experience with self-administered, household based 
questionnaire surveys shows that it is indispensable to 

base models not only on proxy-data. If models intend to 
reflect household behaviour, households have to be the 
subjects of a prerequisite empirical database.  

Reasonable results for all social scientists, modellers and 
practitioners are only to be expected when the procedure 
and the model concept are very clear in terms of objective 
of the modeling, set of predictor variables and their inter-
play as well as probable directions and dimension of 
changes.  

Due to the newness of the shrinkage process, (semi-) 
quantification at local urban level interdisciplinary model-
ing approaches offer a promising way to improve our 
knowledge and to illustrate different scenarios for the 
‘future with shrinkage’. Especially there, where complex 
processes are about to pass, a view on both imaginable 
and desirable scenarios is important to shape future poli-
cies and its instruments (Caruso et al., 2005). 

3.    Model approach 
3.1 Predictor variables for shrinkage  

Population and households 

Urban shrinkage is driven by demographic changes in-
cluding new household types and decreasing birth rates as 
well as out-migration as the Eastern German example 
explicitly shows. Changes related to the concept of the 
Second Demographic Transition (SDT; van de Kaa, 1987, 
2004) imply a coincidence of (i) sharp decrease in birth 
rates, (ii) ageing (Fig.2), (iii) smaller and less stable 
households (Fig.4) and (iv) societal changes in terms of a 
diversification of lifestyles.  
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Figure 2: Demographic change in German Cities 1995-2003: 
age classes <6 and >65 years (INKAR, 2003). 

Recent research brought up that households act as nexus 
between changing demographics and residents’ housing 
preferences and thus households are the ‘subjects’ and 
‘agents’ of housing markets (Buzar et al., 2005). Figure 3 
gives an idea on the social-science based household type 
classification of Leipzig distributed over cohorts. 
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Figure 3: Household types* and their age-class distribution of 
Leipzig, 2003 (Haase et al., 2005; Stadt Leipzig, 2004a)   

A simulation of the household development in Germany 
until 2020 (BBR, 2005) suggests that in particular elderly 
one- and two-person households (pensioner couples, wid-
ows) will increase (Fig.4). Further, diverse multi-person 
households such as cohabitation households, patchwork 
families and flat-sharers will get more importance for the 
housing market of a city. Subsequently, as Fig.5 implies, a 
considerable turn of the overall household development in 
Germany has started to pass recently (2002). 

 
Legend: dark blue = pensioner couples, light blue = widows, green = 
families, red = young families. 

Figure 4: Household development in Germany 1990-2020, 
BBR-prognosis (BBR 2005). 

Correlations between selected variables and share of resi-
dential vacancy and correlations among variables were 
tested to select statistically significant socio-demographic 
variables that are listed in the municipal statistics and are 
related to the above discussed household types. Here, e.g. 
the variable “age group >65” represents elderly one- and 
two-person households and the variable “% married peo-
ple” represents families and single parent households. 
Unemployment rates were not included into the first 
model prototype even if showing a significant correlation 
to vacancy. They will, however, impact more on residen-
tial mobility in future because recent reforms of the social 
welfare system in Germany will force affected households 
to seek for smaller flats. Due to the fact that statistical 
data on household structures are not sufficiently recorded, 
such proxy variables with representative character are 
used to calibrate the shrinkage model.  
The correlation coefficients in Table 1 give an idea of 
how housing vacancy can be interpreted by social fea-

tures. Based on these outcomes, the variables ‘out-
migration’ and ‘share of population above 65 years’ were 
identified as crucial for the model, as they have the 
strongest correlations with vacancy and are not correlated 
to each other.  

Table 1: Correlations between residential vacancy and social 
predictor variables for the city of Leipzig   

Variable R2 to vacancy 
Out-migration (no) 0.7* 
Foreigners (%) 0.4 
Married people (%) - 0.6* 
Unemployment (%) 0.6* 
Car owner (%) - 0.6* 
Age group >65 years (%) 0.8** 
Age group <15 years (%) 0.1* 
Social welfare recipients (%) 0.6* 

** 1% ;  * 5% significance level (Pearson’s r2) 

Housing vacancy and demolition 

Residential vacancies of 1.3 million flats (15% of whole 
housing stock; Bernt, 2004) in Eastern Germany prove 
that an extreme supply outweighs demand significantly in 
the long run. In the city of Leipzig, approximately 50.000 
apartments are empty, 16% of the whole housing stock.  

Prefabricated blocks on the outskirts predominantly de-
molished due to big amount of apartments owned by one 
housing enterprise. For Leipzig-Grünau, one of the big-
gest prefab estates in Eastern Germany, population de-
creased from 85,000 to 49,000 from 1989 to 2004. From 
the former 35.000 apartments 2,700 already demolished 
and further 2.700 are foreseen for demolition until 2007 
(Stadt Leipzig, 2004b). 

Demolition of the urban fabric produces new spatial pat-
tern such as perforated structures with decreasing house 
density, demolition along the urban periphery, demolition 
corridors within a city or, respectively, ‘housing islands’. 
For the model approach, variables such as land parcel, 
housing unit and flat for the residential sector are deci-
sive. Threshold values such as demand-supply-relations 
for different housing estates at the residential market and 
house density values could serve as decision rules for 
construction and demolition in the model.   

Urban planning and policies as constraints 

Administrative urban planning was focused up to present 
on growth. Today, urban shrinkage presents a new chal-
lenge forcing hitherto developed strategies and policies to 
be adapted. First empirical studies on social consequences 
of shrinkage in medium-sized cities came up with rec-
ommendations highlighting interests and opinions of in-
volved actors (Kabisch et al., 2004). Diverse patterns of 
owner structures in both old built-up areas and prefab 
estates make planning processes complicated and less 
transparent. Here, in particular, social science-based em-
pirical knowledge is indispensable for modeling tools 
which seek to support planning. 
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Urban policy delivers contextual constraints for the model 
approach which could be spatially implicit such as verbal 
arguments and guidelines (e.g. shrinkage starting from the 
urban periphery to the core city) as well as spatially ex-
plicit in form of planning maps. As one pathway of urban 
shrinkage the following ‘compact city concept’ is pre-
ferred by regional policy makers: The centre of the city is 
foreseen to be preserved as functional core to maintain 
urban quality of life in compact structures and to avoid 
perforation. Demolition activities should be concentrated 
at the periphery. In fact, not in all cases, the concepts of 
the policy makers are in line with those of the housing 
enterprises who take the final decision regarding demoli-
tion of their housing stock. But nevertheless, the men-
tioned scenario could be coded in the model by setting 
demolition priority D equal to distance to city centre 
D = Icc with I(z) is the predictor variable at location z. 
Municipal strategies to counteract shrinkage are to be 
incorporated more explicitly into the compiled model. 

Shrinkage and demolition of housing estates provide new 
place for other uses such as spacious living, less density 
and more greenery in the neighborhoods which is equal to 
typical suburban advantages of housing. Thus, the city 
administration of Leipzig plans single family housing in 
the inner city. Based on policy expert knowledge the fol-
lowing additional variables and rules could be selected. 
These include the two spatial variables ‘distance to urban 
sub-centre’, ‘distance to main roads’ and ‘adjacent open 
areas’ to represent the hypothesis that proximity to local 
facilities and green spaces is preferred. Furthermore, the 
variable ‘urban structure type’ was included following 
expert interviews that stated the importance of incorporat-
ing housing preferences and ownership issues (Tab.2).  

Table 2: Spatial predictor variables and model rules    

Variable I Rule and calculation proposal 
Mean distance to sub-
centre (providing ad-
min. functionality) 

Maintenance of urban cores.  
D = Icc 
where D is the demolition rate. 

Mean share of urban 
green in the direct 
neighborhood (UGgrenz) 

Demolition occurs adjacent to already 
existing green. 

∑
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=
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where UG is urban greenery cells and B 
the weighted bordering cells/polygons. 

Mean distance to main 
roads (dr) 

No demolition along main roads.  
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where D is demolition rate and dr is the 
mean distance to a main road (R). 

Urban structure type 
(UST) 

Old-built up housing estates are more 
valuable than prefab houses. 

∑
=

=
n

n
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1

 

where St is the urban structure type and B 
the weighted bordering cells/polygons. 

3.2 Model structure and example equations 

A concept model for setting up spatio-temporal and the-
matic causal-feedback-loops had been formulated in order 
to draw a first sketch of the complex housing sector under 
conditions of shrinkage based on household types (Fig.6).  
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Figure 6: Concept model of residential preferences, related con-
struction, residential vacancy and demolition  

In the first prototype of the shrinkage model a population 
growth approach works in line with a Leslie population 
model to simulate population dynamics (cohorts; for the 
city of Leipzig Fig.7; Sharov, 1996). Based on a set of 
weightings (w) the residents are assigned to the household 
types relevant for the SDT given in Figure 3 for the ex-
ample of Leipzig. 
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Figure 7: Simulation results for the age cohorts 1993 and 2003 
related to the differences (diff no, %) to real numbers of Leipzig. 

In the model, households act as agents. They are derived 
from recent socio-demographic findings (Fig.3). Each 
household type holds a residential mobility Mh that is re-
lated to the preferred surrounding social structure Sth (at 
the moment in the first prototype restricted to the house-
hold type structure; marked in italics in Figure 6), the 
urban land use type and facilities such as green space or 
transport infrastructure accessibility. Eqs. 1 and 2 show 
first examples of the calculation of the social structure 
variable (variable from the concept model in Fig.6, re-
spectively).  
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U is the variable expression for the surrounding social 
structure Sth for a household h at locations i and j. The 
weighted (w) social milieu for every location i and house-
hold type is calculated as follows:   
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Migration occurs between land parcels that contain hous-
ing estates and flats. For every urban land use type, a 
mean housing stock density and a mean total number of 
flats had been derived. Further, to every household type 
had been assigned a land use type in terms of moving 
preferences (Preference h i for UST j = 0.01 and 1.0). 
Currently, all relationships of Figure 6 are translated into 
similar equations.  

4.   Conclusions 

To conclude from this study, shrinkage, population losses 
and vacancies unhinge the balance of existing urban struc-
tures, and produce new patterns of cityscapes. An innova-
tive model approach that takes into consideration the con-
sequences of demographic change needs to be developed 
to come to a better understanding of the complex interac-
tions of the included variables. The model structure and 
the relationships base on relevant predictor variables as 
well as urban policy contextual constraints. To allow for a 
more comprehensive look at shrinkage, weightings of 
model variables as well as proxy-data for ‘not-sizable’ 
variables have to be integrated. For a start, the model to 
be finally developed should be able to give an idea to sci-
entists what kinds of future scenarios are imaginable, how 
desirable ones can be reached or supported respective 
inconvenient trends being omitted. With this approach, 
new insides and knowledge could be generated which 
needs further accompanying empirical research which 
mirrors the model results. Discussing the strengths and 
weaknesses of such a combined research strategy and find 
a common language for modelling shrinkage is an excit-
ing challenge. 
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a b s t r a c t

Shrinking cities are characterized by a huge oversupply of dwellings and resulting residential vacancies.
Discussions among urban planners and policymakers in Europe have focused on the consequences of
urban shrinkage following demographic transition, fertility decline and individualization. In this study,
the shrinking city of Leipzig in Eastern Germany is singled out as a case basis for the study of residential
mobility and land use change using agent-based modeling techniques, in which social scientists devel-
oped a concept of household types based on empirical data that form a unique base; these techniques
were used to construct a data-driven, agent-based model. The spatially explicit simulation model
RESMOBcity presented here ‘translates’ these empirical data via behavioral rules of households. It
computes spatially explicit household patterns, housing demands and residential vacancies. Based on
three scenarios, population growth, stagnation and shrinkage, we show that population might stabilize
within the coming years. The number of households is expected to further increase. We demonstrate that
a selective demolition of vacant housing stock can counteract the enormous oversupply of dwellings and
better balance housing demand and the number of available flats. Scenario simulation shows that the
model can reproduce observed patterns of population, inner-urban migration and residential vacancy in
a spatially explicit manner and thus can be applied to the analysis of scenarios of demographic change in
urban regions. The presented model acts as a tool supporting the testing of hypotheses in social science
research and allowing the quantification of land-use scenarios in urban regions based on household
choices.

� 2010 Elsevier Ltd. All rights reserved.

Software availability

Name of the software: RESMOBcity
Availability: http://www.transfer.ufz.de/index.cgi?dir¼%2Fwww%

2Fhttp_data%2Ftransfer%2Falok%2Fhaase%2FRESMOBcity
(login: alok, password: 06alok05;/haase/RESMOBcity/)

Developer: Dagmar Haase
Year first available: 2009
Software required: Sun Java (JRE/JDK version 1.6 and higher)
Operation systems: Windows
Programming language: Java
License: Sun Microsystems, Inc. Binary Code License Agreement

for the JAVA SE RUNTIME ENVIRONMENT (JRE) VERSION 6
and JAVAFX RUNTIME VERSION 1

1. Introduction

1.1. The research challenge

Residential mobility is one of the major drivers of urban land-
use change. Numerous studies of residential mobility in continental
Europe, the UK and the US have been carried out in attempts to
explain mobility patterns based on housing choices and spatial
segregation of the urban population (e.g., Börsch-Supan and Pitkin,
1988; Börsch-Supan et al., 2001; Lindberg et al., 1992). For
a number of decades, developments such as urban growth and
sprawling settlements dominated housing markets and residential
mobility (Antrop, 2004; Kazepov, 2005; Loibl and Tötzer, 2003).
Because it is increasingly occurring worldwide, urban shrinkage is
currently a hot topic among urban planners (Rieniets, 2006, 2009).
Shrinking cities hold huge oversupplies of dwellings and resulting
vacancies (Haase et al., 2007; Jessen, 2006).

Urban shrinkage is a complex phenomenon resulting from
processes of de-industrialization and out-migration and resulting
population decline (Rieniets, 2009). In European cities, shrinkage
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also occurs due to processes of demographic change such as aging
and a decrease in fertility (Kaa, 2004). An increase in the number of
one and two-person households, as well as a shift in age-spectra
and new forms of patchwork families, are also occurring
(Lesthaeghe and Neels, 2002; Ogden and Hall, 2000). Such demo-
graphic features considerably affect residential location choices and
land use within a city (Torrens, 2002) regardless of whether a city is
growing or shrinking.

The eastern German city of Leipzig provides a perfect case for
the study of demographic change and shrinkage and for the
modeling of residential mobility and the creation of housing
vacancies because it is representative of these general patterns
worldwide. Because social scientists have developed a concept of
household typology under demographic change (Buzar et al., 2005,
2007), such a case study offers a unique database for testing
hypotheses on the behavior of urban residents with respect to
residential decision-making. As argued by Haase and Haase (2007),
this empirical database offers a unique base for construction of
a data-based, agent-based model (ABM).

1.2. Objectives

The major objective of this paper is to simulate processes and
patterns of residential mobility in a shrinking city using principles
grounded in the social science concept of household types and
using empirical data related to this concept. We aim to foster ABM
development that covers human decision-making tested on inde-
pendent data. By developing and applying a spatially explicit ABM
named RESMOBcity, we derive scenarios of diverging population
and household trajectories and analyze the resulting residential
land-use patterns. With themodel RESMOBcity,we present the first
complex model

� that describes household agents developed based on a social
science concept that reflects demographic transition and
� that is able to simulate urban population growth and shrinkage
processes.

Because it is grounded in new and broad empirical data and
concepts, we believe that the model provides an innovative
contribution to the application of modeling techniques to chal-
lenging questions of social and land use science.

2. System analysis: given knowledge of processes, data and
modeling concepts

2.1. A case in point for urban-shrinkage modeling: Leipzig

After the German reunification in 1990, most eastern German
cities faced dramatic losses of inhabitants due to declining birth
rates, job-driven out-migration to the western part of the country
and a widespread catch-up suburbanization (Couch et al., 2005;
Nuissl and Rink, 2005). From 1990 onwards, eastern Germany
faced a loss of about 1.2 million people (8% of the entire stock;
Kabisch et al., 2006). Most eastern German cities, among them
Leipzig, lost between 10 and 25% of their residents in a short period
of time (the mean value for large cities from 1990 to 1999 is about
16%). Accordingly, the population density of Leipzig dramatically
decreased from 3.5 inh./m2 in 1990 to 1.6 inh./m2 in 2008.
Economic resurgence of the city after 1998 and a new wave of
reurbanization allowed net migration to increase and turned the
balance of population to slightly positive. During the two most
recent decades, the number of households have increased by 30%,
and a simultaneous decline in the average household size, from
>2.3 in 1989 to 1.8 in 2008, has occurred (Haase and Haase, 2007;

Kabisch et al., 2009). Such processes of urban shrinkage are not
limited to eastern Germany but are now faced by about 20% of the
European city regions, predominantly in eastern Europe (e.g.,
Silesian cities and Romanian and Czech cities) but also in Central
France, Napoli and Genova (cf. Kabisch and Haase, in press).

As a consequence of the demographic and economic decline,
flats and housing stock have been falling vacant to an increasing
degree despite the increasing number of households. Residential
vacancy is no longer restricted to uninhabitable housing as it was
during GDR times but also affects completely renovated building
stock (Kabisch et al., 2006). Based on the present rate of increase in
number of households we expect that supply will continue to
exceed demand, even if present household numbers continue to
increase until about 2017. Entire residential districts, parts of which
have been demolished, exhibit vacancy rates>30 or even up to 50%
(Jessen, 2006). Demolition produces new spatial patterns such as
perforated structures with decreasing house density, demolished
sites along the urban periphery, demolition corridors within a city
and housing islands.1

2.2. New processes: second demographic transition and urban
shrinkage

The demographic and shrinkage processes described above are
not implemented in most recent land-use change simulation
models (e.g., MedAction, Geonamica, UrbansSim, Sleuth, and GLUE-
S). We thus offer a concept for translation of the above-described
patterns that allows them to be used to identify distinguishable
processes that can be coded in a dynamic model. This model is
supported by references to social science concepts that aim to
explain residential decision-making processes and respective
household distribution patterns. By incorporating these concept
patterns into the model, we can separate demographics from land
use-related processes. Both processes are ultimately linked through
the decision-making of people in urban regions, which affects their
residential mobility.

Themajor demographic change occurring at present is described
as the Second Demographic Transition (SDT) Lutz, 2001; this tran-
sition summarizes the current change and diversity of living
arrangements other than marriage, the disconnection between
marriage and procreation and the lack of a constant population.
Additionally, urban populations face decline in many European
countries (Kabisch and Haase, in press), though this decline is
frequently neutralized by immigration. Extra gains in longevity in
tandem with sustained sub-replacement fertility will produce
a major additional aging effect as well (Cloet, 2003; Lesthaeghe and
Neels, 2002).

The spatial differentiation of urban neighborhoods along
different paths such as development, renewal, and decline, as well
as large-scale demolition of entire housing estates, are not
explainable by time series of demographic and economic variables
obtained from local district statistics (Wegener and Spiekerman,
1996; Haase and Haase, 2007). Particularly in cities with
declining populations, residential mobility is of major importance
in determining the shape of residential land use. The total pop-
ulation and number of households are less important than general
patterns and housing preferences when characterizing specific
urban geodemographics (Gober, 1990; Kemper, 2001).

1 As a new intervention strategy, a federal program of urban restructuring (titled
in German ‘Stadtumbau Ost’) operates in terms of a guideline to organize and
finance the demolition of overhanging housing stock (350,000 flats) and revalua-
tion of the remaining residential areas.
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Residential mobility thus belongs to a set of crucial processes
that determine whether parts of a city are developed (built-up) or
faced with vacancy and demolition (Torrens, 2002; Rees et al.,
1996). At present, both increasing household diversification and
declining population force cities into competition to attract new
inhabitants or at least to motivate their residents to remain
(Kabisch, 2005). Thus, a more fragmented residential land use
emerges in which stable neighborhoods occur in the vicinity of
those falling vacant; furthermore, the fact that some neighbor-
hoods remain locked in the poverty trap is seen as a danger for the
future of cities. Finally, by ‘shrinkage’ we denote a land use pattern
in urban regions that is characterized by a high and increasing
vacancy rate, demolition of buildings without rebuilding and an
increase in open space and urban brownfield sites (Rieniets, 2009;
Banzhaf et al., 2007). In shrinking cities, residential facilities show
a surplus of vacant dwellings and an open residential market with
a large number of affordable flats spread over the entire urban area
(Jessen, 2006).

2.3. Methods of simulating residential mobility

Urban land use change, the development of built-up areas and
the creation of residential vacancies result from actions by urban
agents, e.g., people living in the urban region. This idea differs from
concepts of land use change modeling that rely on statistical
evidence of land use transitions (Silva and Clarke, 2002; Torrens,
2007; White et al., 1997; Wu and Webster, 1998; Wu, 1998).
Agent-based models posit autonomous individuals (agents) who
perceive their environment and interact with each other (Parker
et al., 2003). Applications of agent-based modeling in land use
change are usually spatially explicit, and agents represent, for
example, households that are relocating their homes (Loibl and
Töetzer, 2003; Waddell et al., 2003) or individuals using transport
systems (Miller et al., 2004). Agent-based systems have recently
gained popularity in migration and residential mobility research

and in land use change modeling; in such modeling, individual
agents interact with one another and with larger housing markets
while also creating synthetic submarkets (Matthews et al., 2007;
Evans and Manson, 2007). Agent-based approaches allow
modeled representations of a range of different individual agents
that act on the system under consideration, which in this case is the
housing sector of a shrinking city, Batty, 2001). Such an ABM is
based on the preference-driven decision-making of agents (resi-
dents) regarding their mobility and location (Earnhart, 2002; Loibl
and Tötzer, 2003; Caruso et al., 2005). The preference profiles of the
respective agents and their responses to contextual and environ-
mental constraints represent are the major structural determinants
of an ABM (Janssen and Ostrom, 2006; Garía and Hernández, 2007;
Castle, 2006; Deadman, 1999; Wegener and Spiekerman, 1996).

Some of the recent applications of ABMs include the reproduction
of demographic features as ameansofunderstanding the evolutionof
society and the evaluation of economic systems (Gilbert and Doran,
1994; Kohler and Gumerman, 2000; Fontaine and Rounsevell,
2009). Some of these models seek to link human and natural
systems at different spatio-temporal scales to understand changes in
land use (Torrens, 2002; Parker et al., 2003). There are further deci-
sion-making-orientedmodels of the urban housing market (Eskinasi
and Rouwette, 2004) and of segregation at the local district level
(Pancs and Vriend, 2003). With some exceptions (e.g., Fontaine and
Rounsevell, 2009), these models have no spatial representation.

In contrast to many of the urban models that are based on the
urban growthparadigmof the 1980s/1990s (Schwarz et al., inpress),
it is still a challenge tomodel residential mobility in a shrinking city.
Another problem of most existing ABMs is their limited empirical
foundation and the resulting difficulties that occur in attempts to
validate them (Evans andManson, 2007). Recent studies havemade
greater efforts to validate ABMs than was the case during the
inception of ABM applications (Janssen and Ostrom, 2006). Partic-
ularly in terms of land use changeABMs, a quality assessment can be
performedeither bymatching the landuse patternsproducedby the

Fig. 1. RESMOBcity concept ecomponents, information flows and predictor variables. The agent-based model is a spatially explicit model and considers three main components: the
population and household component, the spatial site component (where the population lives) and the decision-making component of the households. The households are mobile
agents who can decide to change location at certain points in time, which are defined according to their life cycles (given in Table 1) according to specific rules that depend on their
assigned attributes (site conditions Urð x!Þ.
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model to observed data using error matricés (Pontius and Petrova,
2010; Pontius and Spencer, 2005), as with the use of a cellular
automaton. Alternatively, attention canbe focusedonevaluating the
spatial interactions inherent in the model by identifying spatial
patterns that occur in a system as the result of spatial interactions
(Evans and Manson, 2007). In this paper, each of these methods of
model qualityassessmentwasused to evaluate the specific outputof
our model.

3. Methods

3.1. Concept

The ABM RESMOBcity is a spatially explicit model that includes three major
components: (1) the population and household component, (2) the component of
spatial locale of housing and (3) the decision-making component of the households.
Fig. 1 illustrates these components and shows their interactions. The household
decisions relate to the location of living, which depends on the recent life cycle of the
agents as well as on the environmental and socioeconomic constraints of their
environment, such as the price of a flat or house, accessibility of transport, and the
social and recreational infrastructure forming the logic behind the decision-making.

3.2. Population

The process of population dynamics in RESMOBcity is coded similarly to a Leslie-
model and computes the population development using the parameters of fertility,

mortality and net migration (Fig. 2). Parameters were derived from long-term
census data of the Federal State of Saxony and the city of Leipzig (1993e2008).

In the model, individuals may enter the population of the city either by birth or
by in-migration. Exchange of persons between age classes are unidirectional from
younger to older, reflecting the aging process. Leaving an age class can occur by
aging, out-migration or dying. (Eq. (1)): Let N

!
be a vector of n age classes of the

population at time ti, and S be the transition matrix for each age class:

N
!ðtiþ1Þ ¼ S,N

!ðtiÞ þM
!ðtiÞ ¼

0
B@

n1 / nn
s1
«

1
«
0

0 / sn�1

1
CA,N
!ðtiÞ þM

!ðtiÞ (1)

where Ni(t) (i ¼ 1,.n) is the number of persons in age class i at time t and si is the
survival probability of the age classes 1,.,n, e.g., 1�s1 denotes the infant mortality.
Without loss of generality, we use time intervals of five years for the age classes. M
denotes the net migration, which can be assumed to be a time-dependent driving
force. The number of women in childbearing age classes, as well as the total fertility
rate (TFR), which represents the number of (living) children per woman, constitute
important factors. Based on the known parameters, the remaining unknown coef-
ficients of the Leslie-model were identified by calibrating the population dynamics
with the current demographic change, fertility and mortality census data of Saxony.
The fertility peak is located in the age classes of 25e35. Due to a drop in fertility after
1990 (Council of Europe, 2004), we generally assume a low TFR of �1.1 children per
woman. Conversely, mortality is assumed to increase in the future and to comprise
values of 0.8 in the age class >80 (Fig. 2).

3.3. Households

Households were chosen to represent the agents. We distinguish the derivation
of the agents from the population dynamics related to decision-making in the next
section. By so doing, a link between the process of population dynamics and the
socioeconomic processes of household decision-making is created. The core idea is
to aggregate individuals of the population into households based on the modeled
age structure. Empirical research has shown that household characteristics are
a reliable proxy for residential decision-making at the person level (Buzar et al.,
2007; Haase and Haase, 2007).

Household configurations change over time by birth, marriage, death and
divorce. There is an existing overlay of dynamics of household development and
demography (Leslie-model). We apply a concept of household types based on
findings of social science regarding demographic transitions (Buzar et al., 2005,
2007); in such transitions, households become smaller and change more quickly,
and living arrangements are adapted to individual life scripts (van de Kaa, 2004;
Ogden and Hall, 2000). In RESMOBcity, we define household types in accordance
to Buzar et al. (2007), including more traditional

� family households with dependent children,
� elderly one-person households and
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Fig. 2. Fertility and mortality curves are used to setup the population model. The data
have been adopted from federal census data of Saxony dating for the two time slots
that were used to define the three scenarios, 1999 and 2005. Table 1

Household types (H) and their demographic properties, the number of persons perH
and average survival time Tj (years; according to Buzar et al., 2005) of staying in one
place (in one flat) and share of age classes Ni per household type Hi.a

H Age classes
involved

Number of
persons

Survival
time Tj
(years)

Young single (YS) 18e<45 1 5
Young cohabitation (YC) 18e<45 2 5
Elderly single (ES) >45 1 20
Elderly cohabitation (EC) >45 2 30
Family with dependent children (F) 18e<45; <18 3e5 18
Single parent family with

dependent children (SPF)
18e<45; <18 1e3 12

Unrelated flatsharers (FS) 18e<45 2e4 5

Ni

Hj Ni 1.4 Ni .�6 Ni 7.8 Ni 9.10 Ni 11.12 Ni 13..14 Ni 15.16 Ni 17

YS 0 0.22 0.24 0.22 0 0 0 0
YC 0 0 0 0 0.21 0.23 0.29 0.4
ES 0 0.11 0.18 0.27 0 0 0 0
EC 0 0 0 0 0.34 0.64 0.61 0.3
F 0.7 0.3 0.28 0.35 0.35 0.09 0 0
SP 0.3 0.13 0.12 0.11 0.1 0.04 0 0
FS 0 0.24 0.18 0.05 0 0 0.1 0.3

a The results of questionnaire surveys conducted in several districts of Leipzig
were used to determine the age class proportions for each of the household types. In
doing so, the proportions found in the questionnaire sample were transferred to the
total population of the city in 1990 as the starting year of the simulation.
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� elderly couples (mostly married) as well
as a group of new or non-traditional household types, such as
� young one-person households,
� young unmarried couples or cohabitation households,
� single parents and
� unrelated adults sharing a common flat.2

Table 1 lists the households and their decision-making parameters3 related to
choice of housing location.

The functional relationship between the age structure of a population and the
distribution of its households is defined by a matrix, F, which maps the total pop-
ulation N with n age classes to m household types in the form (see Table 2):

HjðtÞ ¼
Xn

i¼1

Fi;jNiðtÞ; with
Xn

i¼1

Fi � 1 (2)

where Hj is the number of households of type j and F is the distribution of n age
classes of a population N at time t. Questionnaire surveys conducted in Leipzig in
several municipal local districts (Kabisch, 2005) were used to determine the age
class proportions for each of the household types. In so doing, the proportions found
in the questionnaire sample were extrapolated to the total population of the city in
1990 as the starting year of the simulation. Similarly, the total population number
and age class distribution can be derived from the household pattern at a time t to
check the plausibility of the household formation algorithm. In the dynamic simu-
lation, households can be tracked throughout all life stages. The basic characteristics
of households are given in Table 1. Young singles, young cohabitation and flat-sharer
households have a higher flexibility in their residential choice than elderly single
and cohabitation households or families. The household transition dynamics from
one type to another functions according to a transition and persistence restriction
matrix.

In RESMOBcity, household agents are assumed to be autonomous and goal-
directed objects that are part of and respond to their environment, are economically
independent and occupy one flat (Buzar et al., 2005; Haase et al., 2005). Given the
real population of Leipzig (approx. 510,000 in 2008), the model consists initially of
approx. 250,000 agents. Households interact through their preference-driven
choices of housing locations and influence residential land use accordingly.

3.4. Decision-making of the household agents

Housing choices are determined by variables including social environment
(social class, lifestyle, household type), income, financial budget and the accessibility
of public infrastructure. Because a shrinking city with an unsaturated housing
market provides an oversupply of affordable flats (Jessen, 2006), more variables
regarding housing choice than simply affordabilitymust be taken into account. Thus,
in the model, households’ preferences are driven by the multifactorial indicator
matrix A denoting the attractiveness of a potential housing unit or location.

Indicators that are used to estimate household preferences are aggregated in an
attractiveness matrix summarizing a set of descriptors I1.k (Table 2). These indi-
cators result from the findings of household-based questionnaire surveys conducted
in Leipzig and other European cities (Buzar et al., 2007; Steinführer, 2005;

Table 2
Weights wij of the attractiveness A of a location x! for the household types 1.m using the descriptors I1.k.

Descriptor I1.k Young single Young cohab. Elderly single Elderly cohab. Families Single-parent
families

Flat-sharer

Young single 0.053 0.048 0.011 0.010 0.018 0.028 0.052
Young cohabitation 0.018 0.018 0.068 0.062 0.018 0.018 0.013
Elderly single 0.048 0.060 0.023 0.021 0.018 0.018 0.039
Elderly cohabitation 0.018 0.018 0.068 0.062 0.018 0.018 0.013
Families 0.024 0.024 0.023 0.021 0.018 0.046 0.064
Single-parent families 0.024 0.036 0.023 0.021 0.036 0.046 0.026
flat-sharer 0.036 0.036 0.023 0.021 0.018 0.018 0.077
City center 0.031 0.033 0.032 0.016 0.015 0.022 0.021
Multi-story 1960s 0.033 0.033 0.032 0.016 0.015 0.022 0.021
Prefab estates GDR 0.045 0.023 0.034 0.016 0.013 0.013 0.003
Residential park 1990s 0.000 0.031 0.005 0.027 0.036 0.037 0.015
Single house area 0.000 0.014 0.027 0.033 0.026 0.017 0.013
Tenement blocks 1870s 0.059 0.026 0.027 0.012 0.016 0.015 0.064
Villas 0.000 0.002 0.020 0.043 0.026 0.013 0.046
Multi-story suburbia 1990s 0.026 0.026 0.023 0.023 0.024 0.020 0.018
Sport, leisure 0.036 0.048 0.011 0.010 0.036 0.037 0.039
Parks, 0.024 0.024 0.045 0.041 0.027 0.028 0.026
Allotments 0.012 0.024 0.056 0.051 0.036 0.018 0.013
Cemetery 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Open land, farmland 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Pastures, grassland 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Forest 0.024 0.036 0.045 0.041 0.027 0.028 0.013
Brownfields 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Rivers 0.048 0.040 0.023 0.041 0.018 0.018 0.013
Lakes 0.024 0.024 0.023 0.041 0.046 0.037 0.013
Crime rate > mean 0.060 0.038 0.023 0.021 0.009 0.009 0.064
Crime rate < mean 0.012 0.024 0.045 0.041 0.036 0.037 0.013
School <250 m 0.012 0.024 0.011 0.010 0.055 0.074 0.013
School <500 m 0.012 0.024 0.011 0.010 0.055 0.074 0.013
School >500 m 0.012 0.002 0.011 0.010 0.055 0.074 0.013
Shop <250 m 0.012 0.012 0.056 0.051 0.036 0.028 0.013
Shop <500 m 0.024 0.024 0.045 0.041 0.027 0.028 0.026
Shop >500 m 0.060 0.048 0.011 0.010 0.018 0.018 0.064
Maximum flat/land price (V) 0.060 0.039 0.034 0.062 0.091 0.046 0.026
Rent <5V/m2 0.024 0.042 0.045 0.041 0.018 0.028 0.052
Rent >5V/m2 0.048 0.030 0.011 0.021 0.046 0.018 0.013
Public transport <500 m 0.024 0.024 0.045 0.041 0.027 0.028 0.026
Public transport >500 m 0.060 0.046 0.011 0.010 0.018 0.018 0.064

2 Within the Second Demographic Transition, worldwide households change
considerably in size and form (Buzar et al., 2005, 2007). Households become
smaller and less stable and are defined as more subject-oriented, and living
arrangements are adapted to individual life scripts (Kaa, 2004; Ogden and Hall,
2000). Within the FR5 EU Project Re Urban Mobil (www.re-urban.com), house-
holds in selected districts in four European cities were classified according to their
types. The resulting clusters of classic household types (i.e., family, elderly one-
person households and couples) and those designated “new” or non-traditional
household types (i.e., young one-person households, young couples, single parents,
unrelated adults sharing a common flat) provide a highly innovative conceptual
model of the residential agents living in a city region. In this paper, we dropped this
aspect of “new household types” and simply explain the need of households for an
aggregated description of activities in the urban area. For further information on
the household type concept, please refer to the literature discussed above.

3 Derived according to the empirical results of the FR5 EU Project Re Urban Mobil
(www.re-urban.com).
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Steinführer et al., in press) in the form of systematic variable rankings, proportions,
and choices. The weights w are derived using the ordination (ranking) of individual
systematic variables obtained in the surveys. Quantitative rankings or proportions
given as answers in the questionnaires were translated to preference probabilities/
weights between 0 and 1 for each indicator; qualitative valuations given in Likert

scales were similarly standardized between 0 and 1. Answers in form of Boolean
values (yes/no) were coded as 1 and 0. In addition to descriptors obtained from the
questionnaire, descriptors used in preference profiles developed by other ABM
(Clark and Huang, 2003) are also considered. The preference descriptors I1.k

represent the socio-demographic (household patterns in the neighborhood),
economic (costs, flat and house prices), spatial (accessibility, distances) and recre-
ational (greenery, waters) environment of the households expressed in a mean
attractiveness Ajð x!Þ of a household type j and a residential location x! (flat, tene-
ment block) and its surroundings denoted by Urð x!Þ. U specifies the surrounding of
a location x!with radius r ¼ 500 m in the RESMOBcity (see Fig. 3).

The spatial configuration and representation of the urban residential and open
land use are defined by a regular latticewith cells and their location x!with a grid cell
size of 10 m. The attractiveness A of a place x! for a household Hj to live is formally

Ajð x!Þ ¼
Xl

k¼1

wj;kIkðUrð x!ÞÞ; with
Xn

i¼1

wj;k � 1 (3)

where Aj is the attractiveness between 0 and 1 (1 most attractive) of a location x! for
a household Hj, w is the weight of the preference descriptor I, and I1.k are the
preference descriptors. For the model, it is crucial to create differentiated and, at
best, “realistic” behavioral agent profiles for the household types.

Decision rules for residential migration are based on simple additive weighting
of the type that is used by the most popular decision-making methods. This type of
weighting ranks the included variables (controlled by expressing the indicator’s
importance) according to their estimated importance. Additive weighting assumes
additive aggregation of the normalized descriptor values, which converts the
multidimensional values of the attractiveness matrix into non-dimensional values
ranging between 0 and 1.

Households migrate if a location y! is more attractive than a location x! and,
further, if a household-specific time (designated by Tj) has passed since the
household’s last change of location. Thus, if time since last movement of a household
j exceeds Tj years (Table 1; cf. Buzar et al., 2005), a list of locations that are more
attractive than the recent location is generated.

Mjð x!Þ ¼ f y!i; i ¼ 1;2;.j Að y!iÞ > Að x!Þ; Að y!iÞ > Að y!iþ1Þ; i ¼ 1;2; ::g (4)

Note that the list of locations for movement M are sorted by its attractiveness.

Fig. 3. Land use (upper map) and residential pattern (lower map) in the region and city of Leipzig (data sources: Corine Land Cover, 2000, EEA; own data).

Table 3
Data used to run and test the RESMOBcity model. The census data of the municipal
statistics were used to calibrate the model; the independent micro census data of
Saxony were used to validate the population model (cf. Fig. 7).

Variable Data set; reference

Calibration
Population Micro-census of Saxony
Households Micro-census of Saxony;

Empirical survey UFZ 2003e2004
Rents, (Land) Prices Information from local financial

institutes; Municipality of Leipzig
Land Use German topographic information

system (ATKIS) 2006; Haase and Nuissl, 2007
Infrastructure

(education, medical care)
ATKIS 2006; Haase and Nuissl, 2007;
Municipal statistics

Transport ATKIS 2006
Crimes Municipal statistics
Residential vacancy Municipal statistics
Shopping facilities Municipal statistics; Internet survey

of the shopping enterprises
Urban greenery ATKIS 2006; Haase and Nuissl, 2007;

Municipal Agency for
Environmental Planning

Plausibility test
Population Municipal census data
Households Municipal statistics
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Thus, movement of households can easily be computed by moving through the list
top-down seeking for matching free living space within the map of vacancies.

3.5. Residential land use, vacancy and demolition

In case of non-satisfaction with the residential location and after a series of
attempts to find a new suitable flat, out-migration can increase. Simultaneously, the
share of residential vacancy increases in those parts of the city that do not or only
partially fulfill the housing preferences of the households. Residential vacancy is
formally expressed as follows:

Vð x!; tÞ ¼ Fð x!; tÞ �
Xm

j¼1

Hjð x!; tÞ (5)

where V is the residential vacancy in percent and F the number of available flats at
a land parcel x! and time t. Note that because new houses might be built up or
demolished, F can vary in time. Demolition occurs when a households more than
90% vacancies over a time span of 5 years. Vacancy occurs at the level of single
dwellings within a house; it can also increase to completely vacant housing estates
(100% vacancy). We further assume that a house becomes unlivable after being
vacant for over 5 years; at that time, its maintenance and reconstruction costs
exceed by far the rental income that would be obtained through new residents. The
resulting demolition rate, DF, of flats is coded accordingly in the model.

4. Implementation

4.1. Model setup and iterations

The spatial discretization of the simulationmodel refers to a clas-
sification of the city area into local districts and detailed land parcels.
These result from an intersection of the vector-basedmunicipal local
districts and the land use map. This procedure creates the spatial
model units and the number of houses and flats in each. The initial
values for the first model iteration are taken from either empirical or
census data and from municipal statistics provided on raster maps,
using the above-mentioned information and data from Table 3. After
each run, a range of output files is created that contains all output
variables including age classes, household type numbers, number of

(filled and vacant) flats and demolished houses. The simulation is
based on iteration, assuming one year in reality for each time step.

A simulation is initiated by the determination of an initial
distribution of households in the region, based on the real house-
hold distributions (Buzar et al., 2007). It is followed by the deter-
mination of attractiveness of a site ð x!Þ for each household type Hj

according to Eq. (3). The difference in attractiveness for a given pair
of locations ð x!; y!Þ for all households H is then calculated. For each
household, the individual preference to stay or to move to a more
preferred location is calculated; from this, the number of all
households H that intend to move can be determined using Eq. (4).
Migration of all households is then instantiated as far as new
housing space is available or can be built up. In one iteration step,
the spatial distribution of households changes as new vacancies are
created or houses are demolished, whichmay impact the suitability
of housing for the next time step.

4.2. The test site-specific implementation

Leipzig is characterized by an urban core of old, built-up tene-
ment blocks with patches of 1920se1930s buildings (local munic-
ipal districts of Südvorstadt, Neustadt-Neuschönefeld and Alt-
Lindenau), multi-story houses and comfortable villas. During the
GDR era, these housing estates were occupied by better-off families
with above-average educations. In the eastern and western parts of
the city, we find mixed-area residential and 19th century industrial
areas. Adjacent to the old town center and to large GDR-era pre-
fabricated estates such as Grünau in the west, Lößnig in the
southeast and Paunsdorf in the east, a peri-urban ring of single and
semi-detached houses such as Meusdorf is present (see Fig. 3).
Residential vacancies are primarily concentrated in the old built-up
areas (up to 50%; average z25%) and, secondarily, in the pre-
fabricated newly built-up areas (z20%).

A land use vector map (Haase and Nuissl, 2007) and the city’s
cadastral database are used to define residential land use and urban

Table 4
The three scenarios used to test the model.

Fertility Net migration No. of households

Scenario Stagnation linear extrapolation
of trend 1999e2005

linear extrapolation of
trend 1999e2005

300,000

Scenario Growth 2� linear extrapolation
of trend 1999e2005

2� linear extrapolation of
trend 1999e2005

320,000

Scenario Shrinkage �2� linear extrapolation
of trend 1999e2005

�2� linear extrapolation of
trend 1999e2005

240,000

Fig. 4. Simulated total population and age class (<10 . >80 years) development for 1990e2020 for the stagnation, the growth and the shrinkage scenarios. In both the stagnation and
the growth scenarios, in-migration leads to an increase of the young adults, whereas the number of children remains low in all three scenarios, particularly for shrinkage. Aginge that is,
the relative increase of the elderly population e can be found in all three scenarios. For comparison, the population development in Leipzig from 1990 to 2008 is shown in red (data:
Census by Municipal Agency for Statistics and Elections). The census data show the decrease of the total population after the German reunification, the increase in 1999 due to the
enlargement of the admisitrative area of Leipzig and the slow but steady increase of the total population after 2000 (which could be replicated in the simulation results of the
stagnation and growth scenarios). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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green spaces. The latter is then incorporated into themodel for use in
determining the overall accessibility (distance in meters) of urban
greenery (parks, sportsgrounds, forest, etc.) for any given location.
Distance functions calculating the accessibility to transport, shopping
and educational infrastructure are derived using vector data of road
networks and the locations of schools and supermarkets.

4.3. Empirical database and derivation of preference descriptor
weights

The model is based on a large set of quantitative empirical data
stemming from several questionnaire surveys on housing prefer-
ences conducted in Leipzig as well as in other European cities of
comparable size and structure (Buzar et al., 2005, 2007; Kabisch,
2005). The data are available as an SPSS database. Overall, only
attributes ranking higher than rank 20 in the importance scale of
the questionnaire surveys were used to derive values for the model.
To derive preference weights for the different housing attractive-
ness descriptors, respective data attributes were dedicated to the
descriptor (e.g., the answers given to the question “How important
is surrounding green space for you?”). A qualitative Likert-scalewas
used to determine the weights for the descriptors parks, open land
and cemeteries.

4.4. Scenarios for model analysis

Three scenarios are used to analyze the model. In these
scenarios, agents and their behaviors (e.g., household distribution
and decision-making) remain constant; only population dynamics
and migration pattern are varied. In this way, we are able to assess
the impact of agent-based decision-making on the land use change
pattern of the study region. Additionally, these scenario assump-
tions are of interest to decision makers such as local planners. Table
4 summarizes the scenarios and respective parameter assumptions,
which can be described as follows:

1. The current situation of population development in Leipzig is
represented in the stagnation scenario: fertility and in/out-
migration as in 1999e2005,

2. the growth case assumes a positive fertility and stronger in-
migration and

3. the shrinkage scenario considers a demographic decline with
negative trends in both fertility and net migration.

5. Results

5.1. Population dynamics

The model outputs show three different paths leading to future
population development in Leipzig. The real population growth
between 1990 and 2008 (from 450,000 in the mid 1990s to about
510,000 in 2008; red graph in Fig. 4) is replicated by the model
under the growth and the stagnation scenarios. In the stagnation
scenario, we find almost no future population growth; the growth
scenario shows a moderate population growth such that the total
population is about 540,000 in 2020 (Fig. 4). In comparison, the
shrinkage scenario projects a steady population decline from
>500,000 inhabitants in 1990 to <400,000 in 2020.

Age structure in both the stagnation and shrinkage scenarios
shows a decrease in newly- born children due to the low TFR. Under
all three scenarios, the model computes a smooth decrease in the
teenage population (11e20 years) from 1990 to 2000, following
which this age class again increases under the growth and stagna-
tion scenarios. Due to an increase in (an assumed) influx of
students, the model predicts an increase in the young age classes
(ages 20e30) for both the growth and the stagnation scenarios. All
three scenarios result in a moderate increase in the elderly classes
aged >60 years, which means that the population of Leipzig is
aging regardless of its actual growth or shrinkage.

An assessment of the population model quality can be per-
formed using the municipal census data available for 1990e2005.
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Fig. 5. Assessment of the simulated age class values versus the observed values
provided by municipal census data for 1990e2005 using a bivariate regression (R2) and
the MRD (%). The very young age classes (0.5, 6.10), as well as the old age classes
(76.80, >80), are underestimated in total numbers by the model, whereas all other
age classes are slightly overestimated.

Fig. 6. Simulated number of the seven different household types used in RESMOBcity for the growth, stagnation and shrinkage scenarios for 1990e2020. In each of the scenarios, we
find an increase in young households, both single and cohabitation. In accordance with this finding, we find in the growth and stagnation scenarios a non-growth of the family
households, while in the shrinkage scenario, the number of family households considerably decreases. By comparison, the number of single parent families increases regardless of
the growth or decline of the total population.
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In performing this assessment, we applied a bivariate regression
for analyzing the relationship between the dependent variable
(simulated) and the independent (observed) variable; we also
used the mean relative deviation (MRD in %) to show how close
the simulation results are to the independent census data by
predicted-observed plots (Fig. 5). The latter method expresses
accuracy as a percentage but not in absolute terms, which is

suitable for our purpose because we want to show and discuss the
polarization of the errors. We assume the population model
results are plausible if R2 � 0.75 (25 percentile; Fox, 1997) and the
MRD equals j�10%j (Wackernagel, 1998). Plotting the model age
classes of the stagnation scenario against independent statistical
data, we achieve R2 greater than 0.75 for all age classes except the
>70 year-old class. Using the MRD, we see that the model

Fig. 7. Probability values of the spatial distribution of young single households, elderly cohabitation households and family households in Leipzig for the three time steps of 1990,
2000 and 2020 (stagnation scenario). We find an increasing concentration of young singles in the inner part of the city; this reflects their preference for being highly mobile and
well-connected to the public transport, as well as the positive image of the old built-up type of residential housing located there. Elderly couples, by comparison, are preferentially
located in the outer parts of the old and pre-WW II built-up part of the town, which is cheaper but has longer travel distances to the city center. Families tend to move to the peri-
urban parts of the town, where mostly single house areas are situated.
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systematically underestimates both the very young age classes
(0.5, 6.10) and the old age classes (76.80, >80) by a small
amount compared to the census data. All other age classes are
slightly overestimated (Fig. 5). The reason for the underestimation
of the very young and the old age classes might be that we assume
average fertility and mortality rates for all residents regardless of
their gender or ethnicity and regardless of the effects of these

factors on longevity. Because we do not feed a specific share of
gender and ethnicity within the annual in-migration into the
model but instead use average data here, we underestimate
particularly the aged. Despite these minor deviations from the
census data, the population model results meet the quality criteria
defined above.

Fig. 8. Scenarios of household pattern (distribution of household types 1 . m where YS is a young single household, YC a young cohabitation household, ES an elderly single
household, EC an elderly cohabitation household, F a family household, SPF a single parent family household and FS a flat-sharer household, see Table 1), aggregated age class
distribution (children, working age, pensioners) and trend of the average age of selected local municipal districts of Leipzig 1990e2020. The districts include the old built-up
districts of Neustadt-Neuschönefeld, Südvorstadt, Plagwitz and Alt-Lindenau, the GDR-era prefabricated multi-story district of Grünau and the peri-urban single house area of
Meusdorf in the peri-urban part of the city.

Neustadt-Neuschönefeld

YS YC ES EC F SPF FS

Household types

-0.14

-0.12

-0.10

-0.08

-0.06

-0.04

-0.02

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

R
el

at
iv

e 
ch

an
ge

 (%
)

 Median 
 25%-75% 
 Without outlier 
 Outlier
 Extreme values

Plagwitz

Household types

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

R
el

at
iv

e 
ch

an
ge

 (%
)

 Median 
 25%-75% 
  Without outlier
 Outlier
 Extreme values

Altlindenau

YS YC ES EC F SPF FS

Household types

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

R
el

at
iv

e 
ch

an
ge

 (%
)

 Median 
 25%-75% 
 Without outlier 
 Outlier
 Extreme values

Südvorstadt

Household types

-0.12

-0.10

-0.08

-0.06

-0.04

-0.02

0.00

0.02

0.04

0.06

0.08

0.10

R
el

at
iv

e 
ch

an
ge

 (%
)

 Median 
 25%-75% 
 Without outlier 
 Outlier
 Extreme values

Grünau

YS YC ES EC F SPF FS

Household types

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

R
el

at
iv

e 
ch

an
ge

 (%
)

 Median 
 25%-75% 
 Without outlier 
 Outlier
 Extreme values

Meusdorf

YS YC ES EC F SPF FS

YS YC ES EC F SPF FS

YS YC ES EC F SPF FS

Household types

-0.015

-0.010

-0.005

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

R
el

at
iv

e 
ch

an
ge

 (%
)

 Median 
 25%-75% 
 Without outlier 
 Outlier
 Extreme values

Fig. 9. Relative change rates across all three scenarios 1990e2020 of household types 1.m.where YS is a young single household, YC a young cohabitation household, ES an elderly
single household, EC an elderly cohabitation household, F a family household, SPF a single parent family household and FS a flat-sharer household (see Table 1) in 6 selected
municipal local districts of Leipzig: the old built-up “low-image” district of Neustadt-Neuschönefeld, the old built-up “high-image” district of Südvorstadt and the socialist pre-
fabricated housing estates of Leipzig-Grünau. The size of the boxes reflect parts of the uncertainties of the age/class simulation, particularly in the family and elderly single and
cohabitation households.
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5.2. Household dynamics

The household simulation results show that the number of non-
traditional young and elderly single households, as well as the
number of young cohabitation and flat-sharer households,
increases regardless of population growth or shrinkage (Fig. 6). The
model well reflects theoretical considerations of an increasing
individualization formulated by Giddens and the SDTor a regaining

of attractiveness of the inner city (Burton, 2000, 2003) for young
professionals. The results of the household simulations are also in
accord with empirical findings on other European cities such as
Paris, Bologna and León (cf. data published in Buzar et al., 2007;
Ogden and Hall, 2000). ‘Accord’ means here that both develop-
ment trend (positive, negative) and share (relative percentage of
the total population) of the respective household types are similar
to survey and literature findings. Next to young households, elderly
ones contribute most to the increase in single and cohabitation
households in the inner city; they rise in terms of their total
numbers and particularly their share per local municipal district.
Conversely, the number of families, which still represents the
highest number of residents due to its household size of 3e5
persons, decreases, at least in the stagnation and shrinkage
scenarios (Fig. 6). Single parent families, by contrast, increase.

The spatial household patterns simulated by RESMOBcity are, in
part, the result of spatial interactions between the agents (“like my
neighbor”) but may also be the result of relatively simple factors
such as distance or accessibility to social or transport infrastructure.
The relative importance of these factors cannot so far be explained
by the model. Because no observed spatial data for household
distribution in Leipzig are available, a map comparison, as sug-
gested for assessing spatially explicit land use change models
(Pontius and Petrova, 2010), is not feasible.

Fig. 7 gives an idea of the spatial change in probability of the
concentration of young singles, elderly cohabitations and family
households in Leipzig from1990 to 2020 using a range of values from
0.1. Compared to amore equal spread in1990, in2020youngsingles
will primarily reside in old 19th century built-up districts of the inner
city, along with a simultaneous decrease in their residence in the
1920s to 1930s,1960s andGDR-eraprefabricatedhousing estates. The
model thus predicts a concentration of young people in the inner city,
likely because it is close to the citycenter andprovidesbetteraccess to
public transport facilities, laborandother socio-cultural facilities. This
modebehavior is supportedby recentempirical researchon innercity
reurbanization processes in Leipzig, in which an increasing influx of
young (<45 years old) and mobile households to the inner city since
1995 was found (Kabisch et al., 2009).

By comparison, elderly cohabitation households assemble in
either the 1920s to 1930s, the 1960s or the GDR-era prefabricated
housing estates because, for them, lower rents and housing costs
are more important than high accessibility values. The families
meanwhile concentrate in the single house areas in both the inner
and outer parts of the city. Overall, RESMOBcity simulates an

Fig. 10. Simulation of the past and future development of the residential land use of
the city of Leipzig across all three scenarios using the model variables of the number of
flats, the share of residential vacancy and the related demolition rate at the municipal
district level for the period 1990e2020.

Fig. 11. Simulated residential vacancy (%) versus measured residential vacancy (%) for
all 63 municipal districts of Leipzig for 2004 for the stagnation scenario (the only
reliable available estimation of existing housing vacancy).
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increasing segregation of the different household types in Leipzig.
Based on these findings, we hypothesize that after a phase of
relative mixture during socialist times, the reverse process of
increasing social segregation carries more and more significance.

Spatial segregation patterns of both household types and age
classes offer novel and challenging insights into a future spatial
housing geography of European (shrinking) cities (Figs. 8 and 9). In
the old built-up local municipal districts such as Südvorstadt,
where urban sociologists assume that something like gentrification
is occurring, an increase in and relative gain of young single, but
first and foremost, young cohabitation households is simulated.
Inner city residential areas of this type, which have a positive image
as well as proximity to green and other kinds of urban infrastruc-
ture, are preferred for long-term residency and during the family
formation phase. We find a lower number of flat-sharers here.

In 2020, the district seems to be saturated, which explains the
lowering of the influx projected at that time. By comparison, at that
time other old 19th century built-up districts evidence high
vacancy rates, suggesting an image of a place for the deprived class
such as Plagwitz or Altlindenau. In these areas, the model simulates
a high influx of mostly young single households and flat-sharers
(Fig. 8), which means that shorter persistence (living-in) times
dominate within one flat, resulting in a higher through-flux of

households within this structure. Remaining young cohabitation
(dinks4) and elderly households either profit from short distances
and good access to social and transport services or do not want to
leave their areas. In summary, we find positive relative changes of
young households in these deprived old built-up districts, along
with positive relative changes in the number of single parent
families, whereas families leave these districts (Fig. 9).

These results are comparable to those observed in local
municipal districts such as Neustadt-Neuschönefeld and Alt-Lin-
denau that have been found to be typical reurbanization districts;
thus, data of the model prove this (Haase et al., 2008; Kabisch et al.,
2009). The town center, however, faces an extreme loss of pop-
ulation due to a decrease in residential land use (expressed in the
number of flats per land parcel) in the town center through
replacement by commercial and cultural land uses.

In contrast to the old built-up areas, the local municipal district
of Grünau, one of the prefabricated GDR-era housing areas, is faced
with an extremely diverging household development. According to
the model, elderly (single and couple) households remain or even
increase, whereas young households continuously leave the district
in all three scenarios. According to the shrinkage scenario, in 2020
we find nearly exclusively elderly singles and couples in Grünau,
which leads us to speculate whether such districts will die out
(Fig. 8). Current municipal statistics report a positive net migration
of low-income single parent households to Grünau (City of Leipzig,
2006a, b, 2007), but this is not reflected in the model outputs.

Fig. 12. Summary of trajectories of population growth and net migration at the municipal district level of the entire study area of Leipzig for 2000e2025 for the stagnation scenario
(based on the smaller local municipal districts; the larger municipal districts are summarized and labeled by cardinal points here. C denotes the Central district).

4 Short for “Double income no kids” households.
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Finally, we look at the typical peri-urban single and semi-
detached house areas such as Meusdorf; here, we find a concen-
tration of young cohabitation households (before the parental
phase), families and elderly cohabitation households (after the
parental phase). Does this represent a future group-wise segrega-
tion pattern? The concentration of families at the periphery shows
that these areas are still attractive to younger households, which
supports the idea of the shrinking city with islands of inner city and
suburban growth.

At present, the model does not reflect ethnic questions in the
migration data. In Leipzig, we have only a limited number of
foreigners from other countries, and there is only a very limited
amount and quality of reliable input data related to the ethnicity of
residents of the city. However, this point should be kept in mind
with respect to later amplification of the model because it might be
useful in another case study where ethnic issues are of more
importance.

5.3. Dynamics of residential land use

In terms of the future housing structure and available dwellings,
the following model output variables are of interest:

� the number of dwellings,
� the residential vacancy and
� derived demolition of houses (clearance of housing areas).

Fig. 10 illustrates that the number of flats remains stable until
2005; a decrease in this number is simulated between 2005 and
2008 due to high vacancy rates and related demolitionmeasures. In
the model, the latter processes depend on each other and emerge
from the net migration of the household agents.

According to our model, the rate of demolition of vacant houses
(or housing estates) begins to increase by 2004. This can also be
deduced in reality based on the demolition rate in Leipzig East and
Grünau (Schetke and Haase, 2008). Hereinafter, starting in 2008,
wewill find about 10% of the vacant dwellings demolished, by 2015
about 50% and by 2020 >50%. After 2010, the demolition curve
slowly flattens out; it approximates 0 in 2015 due to the fact that
the equilibrium is reached between houses being demolished and
remaining vacant.

Residential vacancy appears more or less the same in terms of its
share until 2005 (Fig. 11; it comprises also in reality 15e25%). For
2004, we plotted simulated versus observed data and compared
those values with the MRD (Fig. 11; percentage values of the local
statistics for 2004 represent the most recent reliable estimate of
residential vacancy for the city by local authorities and the Agency
for Statistics and Census; Banzhaf et al., 2007). Although the MRD is
comparatively low (�j10%j), the model systematically produces
values that are too large by a small amount in cases where the share
of vacancy is �30%, but underestimates higher shares of vacancy.

The start of demolition generated a decrease in the highest
shares of residential vacancy to an average value of 20% in
2007e2008. Development since 2008 decreases residential
vacancy to 15%, which fits into the long-term (until 2050) vision for
Saxony that predicts 10e15% residential vacancy (Börsch-Supan
et al., 2001).

6. Discussion

The RESMOBcity simulations computed for the 30-year period
1990e2020 show that non-traditional household types such as
young singles, young cohabitation households and flat-sharers will
be the primary occupants of the old and densely built-up districts
with above-average (district of the Südvorstadt) and below-average

(district of Neustadt-Neuschönefeld) flat costs or rents. Conversely,
in the GDR-era prefabricated districts such as Grünau, the future
proportion of financially deprived and medium-level income
elderly couples will dramatically increase to up to 20%.

The model results for the three scenarios suggest locations in
which future hot spots for urban planners might encounter recent
negative developments. A cross-comparison of the findings for all
local districts supports the idea of the shrinking city with islands of
urban and suburban growth (Fig. 12).

The predicted increase in spatial segregation of households
within the entire city also means a change of residents’ demand
concentration, which has further implications for the consumption
of land, environmental resources and local ecosystems. A clear
advantage of the model is that the household and vacancy patterns
it produces are very detailed compared to the more general find-
ings (maps, data) obtained by household and housing market
prognosis for Germany (BBSR, 2009) and Europe (Council of
Europe, 2004).

To test the plausibility of the presented RESMOBcity model
results, we have chosen a twofold approach in agreement with
Jakeman et al. (2006) and Evans andManson (2007). As assessment
criteria for the quality of the model, we first used statistical fitness
as far as independent data was available. Subsequently, we pre-
sented the simulated housing patterns to experts in the field of
housing mobility and requested that they evaluate the results. In
terms of the statistical evidence, the model simulates the pop-
ulation development in such a way that the measured R2 between
simulation and observed (¼census) data are 0.70e0.99 and the
MRD j�10%j; it further simulates proportions of migration flows,
required flats and resulting residential vacancy along an x ¼ y line
that differ at most j�10%j from the statistical data provided by the
city. Particularly, future flows of net migration give an idea of the
segregation and clustering processes in a city that holds massive
residential vacancies and a rental market of low pressure and huge
oversupply.

Another factor relevant to comprehensive quality assessment of
our residential mobility and vacancy model is the relatively short
time span since the German reunification in 1990. Following
Pontius and Spencer (2005), we see a plausibility analysis as pre-
sented as the currently most effective and realizable form of model
test. An interdisciplinary causal interpretation of both the temporal
and the spatial model results creates credibility in both model
concept and output data. In developing such an interpretation, an
intensive discussion of the model results with social scientists and
experts of the city planning department of Leipzig positively eval-
uated the model outcomes. These scientists and experts can serve
as a communication platform during decision-making processes in
town planning, the more so because their involvement has already
been achieved when presenting the model.

Model rules are transferable to other European cities by incor-
porating respective local data in addition to available European
data sets (Haase and Haase, 2007). Thus, RESMOBcity can act as
a tool for quantification of residential land-use scenarios of the
future of both growing and shrinking cities. We further argue that,
compared to simply demographically-driven, quantitative
approaches, a qualitative household-choice-based ABM approach is
more productive with respect to explaining the nexus between
spatially selective growth, perforation and shrinkage processes, the
occurrence and amount of residential vacancy, and demolition
processes at both the city region and small-scale level (e.g., local
municipal districts). The ABM approach enables us to shed light on
the household-type-based perspective of urban dwellers concern-
ing their housing choices and, furthermore, to gain knowledge
about potential variables that influence residential and mobility
behavior.
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Our model does not explicitly capture the decision-making
process itself, as a behavioral agent-based approach would (as
stated in Parker et al., 2003). It does not explain the individual
reasons for alternative choices of residential mobility; rather, it
investigates the relationship between the existing housing supply
and the specific demands of the agents to explain mobility deci-
sion-making and household patterns.

7. Conclusions

Using the example of the eastern German city of Leipzig, the
specific local conditions (population decline over decades, high
vacancy rates, and tenants’ market) were set in relation to the resi-
dential preferences of empirically-based household types. The
findings of our model, in the form of household patterns and trends
of residential vacancy created by the model, were in plausible
agreement with both measured municipal data and estimates by
local experts. We were able to show that an increase in the total
number of households reduces residential vacancy only in the event
of a simultaneous demolition and sanitation of the housing market.

Assuming that today’s residential behavior is valid for the near
future, we have to expect an increase in the spatial segregation of
households in the city, with youngsters and the very old concen-
trating in the center, whereas families still direct outward. Resi-
dential vacancy will decrease and level out at a 10% rate in 2020. It
will move from the old built-up estates of the inner city to the
1920s to 1940s and 1960s housing estates, which will lose attrac-
tiveness for most of the household types.

The concept of RESMOBcity,we believe, is a useful one in terms of
evaluating demographic scenarios and their impacts on residential
land use in urban regions. The model is applicable to ongoing
processes inmanycities in Europe. Thus, its development can beused
as a tool for further analysis in other comparable regions. We were
able to demonstrate how andwhere potential re- or de-densification
of urban housing structures will most probably occur up to the year
2020. The same is true for the future allocation and concentration, or
even the disappearance, of residential vacancy. We have further
shown both difficulties and options related to assessment of the
quality of such an ABM using empirical data, as well as in cases in
which no validation is possible due to missing independent data.

Future work will focus on the incorporation of additional
economic variables that consider the economic constraints of
individual households and their choices concerning transport
modes and travel distances, as well as scenarios of decreased or
modified infrastructure supply due to shrinkage. Additional
improvements will include a more detailed incorporation of the
local housing market as well as contextual constraints for land use
policy and planning in the form of scenario alternatives.
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Chapter 3 

Landscape analysis, synthesis, and diagnosis 

O. Bastian, R. Glawion, D. Haase & G. Haase, H.-J. Klink, U. Steinhardt, 
M. Volk 

3.  

3.1 Approaches and methods of landscape diagnosis 

3.1.1 Introduction 

The current land use processes and land use changes in the last centuries 
make it necessary for all natural, socio-economic and cultural conditions to 
be carefully considered in the socio-economically dominated processes of 
landscape management and planning. The socially necessary benefit-cost 
ratio of securing natural processes of regulation in physical regions, espe-
cially for both simple and extended reproduction of natural conditions, is 
increasingly becoming a driving force in the determination of the economic 
and social effectiveness of land use. 

Extensive and intensive use of processes, functions and characteristics of 
the physical or natural resources can be accomplished without major distur-
bances only if the utilization requirements and the existing natural equip-
ment develop proportionally to each other. These proportions are results of, 
on the one hand, active technical and natural principles (properties of natu-
ral-technical geo-ecosystems) and on the other hand, the socio-economic 
conditions and requirements under which the activities of society are taking 
place in landscapes, respectively (including urbanized areas). 

3.1.2 The social requirements of landscape utilization 

A major obstacle to interpreting the results of landscape inventory with 
respect to utilization requirements is an inadequate theoretical and methodo-
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logical basis. Neef (1969) referred to the combination of scientific explora-
tion results and measurements with technical and economic parameters. He 
proposed the transformation of geo-synergetic and ecological parameters 
into economic and social indices. Hence he introduced the term transforma-
tion problem (see Chapter 5.3, Figure 3.1-1). 

Figure 3.1-1: The transformation of ecological parameters into economic and social indices 
is one of the central problems in the field of landscape research: Cultural landscape in the 
temperate tropics – Viñales (Cuba) (Photo: O. Bastian 1993) 

A prerequisite for a socially (and economically) precise formulation of 
landscape management requirements is a multi-part logical chain of relations 
between landscape inventory and the application of its results to natural re-
sources-oriented planning. According to Graf (1984) the following factors 
will serve as links: 

– criteria for landscape utilization, that have to be fixed by planning au-
thorities and law enforcement agencies (local/regional/national authori-
ties and stakeholders) and that can be measured with respect to social ef-
fectiveness and/or economy-related efficiencies (costs), 

– criteria-related interpretation of exploration results by means of land-
scape inventory and (digital) landscape mapping. 

The relations between landscape exploration and evaluation and the deci-
sions concerning their utilization have been superposed or even interrupted 
by other decision criteria. These are the utilization of areas in connection 
with a further division of labor and with a combination of the social repro-
duction process as well as financial considerations dictated by the economic 
utilization of fixed assets funds. Sometimes, this is connected with political 
transitions as well (e.g. Eastern and Central East Europe after 1990). 
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Hence it is obvious that the social and/or economic requirements of a di-
agnostic and prognostic landscape evaluation have to be derived from 

– normative target formulations for effectiveness of the specific utilization 
form, especially for mesoscale analysis (chorological dimension), 

– the respective regional utilization structure (represented in land use sce-
narios, Meyer et al. 2000), and 

– the landscape capacities and potentials themselves (Figures 3.1-2 and 
3.1-3, see Chapter 5.2). 

Figure 3.1-2: Landscape functions representing the satisfaction of socio-economic benefits by 
the natural environment 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1-3: Functions and 
potentials of the natural envi-
ronment together determining 
the carrying capacity of the 
landscape (after Zepp 1994 
(Klink after Zepp 1994)  

374



116 Chapter 3
 

 

The land use efficiency expressing the totality of regional correlation be-
tween nature and society is governed, at least theoretically, by the whole 
amount of socio-economic needs that can be satisfied with the aid of the 
considered area and its natural potential. This whole amount of social needs 
and functions is, however, extremely difficult to ascertain. The various needs 
cannot be determined directly or compared by a uniform measure. The de-
gree of multiple utilization with all its secondary, cumulative, and side ef-
fects is hard to determine. Moreover, the different social costs corresponding 
to the particular efficiency and to local relations of individual land use units 
have to be allocated or apportioned for the various forms of land use and, 
finally, for the different scales (Steinhardt and Volk 1999). Therefore it is 
evident that economic criteria have to be supplemented by social as well as 
ecological evaluation measures. This way of landscape diagnosis leads to 
multifunctional approaches (Brandt et al. 2000). 

Thus it is necessary to consider the following relationship in detail: 
Landscape is not improved or changed as a whole, but primarily through the 
utilization of individual parts (e.g. field plots, landscape elements or com-
partments) or functions (e.g. production, retention, information) demarcated 
by different users. Consequently, all criteria required for maintaining multi-
functionality of a landscape have to be taken into consideration. Any inter-
vention in the overall natural and land use structure has to consider land-
scape as an entity (see Chapter 1.3). At the same time a historical perspec-
tive of the landscape marked by major shifts in the time and/or space is nec-
essary. 

Geo-scientists and experts of related disciplines attempted to explain and 
illustrate some approaches to determine the social functions guided by nor-
mative regulations. It is pertinent to mention some literature published in 
the former German Democratic Republic (Haase et al. 1991): 
– methodological fundamentals of the structural, functional, and interfer-

ence analysis of landscape as well as the multiple-step analysis of the 
economic and non-economic evaluation of interactions between society 
and nature,  

– characterization of the development stages of a region due to the social 
utilization of nature and its consequences (see Chapter 4.1), 

– derivation and interpretation of the natural potential as a basis for an as-
sessment of the resources' structure in a region (see Chapter 5.2), 

– determination of the stability, resilience, and carrying capacity as parts of 
an intensively used landscape (see Chapter 5.1), 

– methods of transferring landscape inventory and survey results into land-
scape planning and control of economic branches using the landscape 
(agriculture, forestry, water resources management, sewage and refuse 
disposal services, building industry) (see Chapter 7.3), 
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– methods of the multi-functional assessment of landscape benefits, suit-
ability, and resilience by an optimization approach (see Chapter 5.4). 
Based on these facts it is obvious to start a landscape analysis from one 

of the following two premises: 

1. Dealing with problems associated with resources available to society a 
landscape approach is essential. The major focus has to be on the land-
scape capacity and its limiting conditions and risk factors. 

2. Dealing with problems associated with resources available to society a 
reproduction-area approach is essential. It has to start from the actual 
land use and has to include the potential abilities and incompatibilities. 
A detailed description of the landscape's functions in the process of social 

reproduction is a prerequisite to any attempt including the actual state of 
landscape. Literature offers several approaches, some of which should be 
mentioned as typical examples (see Chapter 5.2): 

– It is in the sense of a landscape approach that Preobraženskij (1980, 
1981) proceeds from the natural functions of a landscape, determining 
their importance for the process of social reproduction. Haber (1979b) 
applies the results of bio-ecological research to discriminate between 
productive and protective ecosystems corresponding to two different be-
havior patterns of society, referred as "strategy of utilization".  

– Using the reproduction-region approach, Niemann (1977) characterizes 
the social functions of landscape elements and units starting from four 
functional groups (production functions, environmental functions, hu-
man-ecological functions, ethic and aesthetic functions). 

– A similar breakdown of the social functions and, consequently, of the 
social requirements of landscapes is presented by van der Maarel and 
Dauvellier (1978) in the well-known "Globaal Ekologisch Model" of the 
Netherlands. Like Niemann (1977) the authors further subdivide the men-
tioned functional groups to visualize relations between social require-
ments, landscape structure or natural conditions (see Chapter 5.2). 

– Another approach was chosen by Grabaum et al. (1999) using a multicri-
teria optimization considering compromises between the different land 
uses and landscape functions (Meyer et al. 2000, see Chapter 5.4). 

3.1.3 Principles of landscape diagnosis on the basis of  ecological data 

Over the last few years, landscape research resulted in the development 
of an essentially coherent, highly consistent concept of landscape analysis, 
diagnosis and management (Haase 1991, 1999, Figure 3.1-4). 
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Landscape analysis can be classified as the first step in this scheme. It 
results in a scientific landscape inventory with respect to its natural, use-
related, and dynamic characteristics. Based upon these results, landscape 
diagnosis has to determine the "capability" or "capacity" of a landscape to 
meet various social and economic requirements and to define limiting or 
standard values. Landscape diagnosis lays the foundations for measures 
taken to improve, to change, and protect landscapes as a whole or some of 
their components. Depending upon particular social objectives to be 
achieved, four fields of activity can be distinguished: 
– landscape planning (preparation and territorial integration as well as 

securing of suitable measures, see Chapter 7.3), 
– landscape preservation (conservation and stabilization of natural condi-

tions, structures and species, see Chapter 7.7), 
– landscape control/monitoring (socially necessary or desirable control of 

landscape processes, Brandt 2000b, Haase 2000, see Chapter 4.2), and 
– landscape management (land use strategies). 

Figure 3.1-4: Interrelations and connections between landscape analysis, diagnosis and land-
scape management (Haase 1991) 

z

landscape analysis determination of  landscape structure and functioning
 
physical region, ecosystem, land use (structure), 
landscape dynamics 

landscape diagnosis 
(landscape assessment I) 

determination of performances to meet socio-
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limits and normative values to secure stability of 
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rying capacity 
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The following four-phase approach based on a detailed landscape analy-
sis is the methodological base of landscape diagnosis: 

1. Analysis of the social functions of landscape considering also future 
land use types. 

2. Evaluation of geo- and bio-ecological landscape characteristics (de-
termined by laws of nature) with respect to socio-economic requirements 
and functions. 

3. Analysis of landscape interactions including secondary and remote ef-
fects as well as limitations triggered by past, present and proposed land 
use forms. 

4. Social evaluation of present and proposed land use forms referring to 
land use conflicts and preparing solution strategies.  

This multi-phase approach can be considered as a general model for 
landscape diagnosis and derivation of prognostic data (Figure 3.1-5). The 
first phase of landscape diagnosis has already been discussed at the begin-
ning of this chapter and will be explained in Chapter 5.2 more comprehen-
sively. The second phase is based upon a scientific analysis of the spatial 
structures and the temporal behavior of landscape objects. The third phase 
requires a connection of scientific information with statements about current 
and future social utilization. Referring to these criteria as structural diversity, 
duration and temporal sequence or succession of land use, social expendi-
tures for the reproduction of natural systems, and substitution of substances 
and processes in the framework of social reproduction can be used. 

Figure 3.1- 5: Scales and methods for landscape diagnosis 

Difficulties are frequently encountered in this particular step: Natural sci-
entists fear of a loss of accuracy and quantitative details. The transformation 
of geo- and bio-ecological data does not naturally result in scientific accu-
racy. The connection of these parameters with those of socially determined 
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processes enables information obtained at a more complex level of reality. 
The more complex and complicated the subject being dealt with, the larger 
the number of generalized "macro-parameters", transformation functions, 
tolerance ranges, probabilities, etc. to be used for the resolution. Up to now 
this problem has not been solved successfully with the exception of some 
pedotransfer functions with respect to the scale problem (Steinhardt and 
Volk 1999). 

The comparison of scientific data with socially determined standard 
values connects causal-analytic and functional-analytic data obtained from 
the two previously discussed phases of landscape diagnosis with the fourth 
phase of landscape diagnosis. 

There is the demand to translate the scientific data and content in the lan-
guage of stakeholders and policy goals. At the moment landscape models in 
form of DPSIR (Driving forces – Pressures – State – Impact – Response) are 
discussed (Brandt 2000b). 

The multistage character of landscape diagnosis can be summarized: 

1. Scientific and technological characterization of landscape objects and 
processes (scientific and technological stage of landscape diagnosis). 

2. Arrangement of landscape objects and processes into the fulfillment of 
social functions (social and function stage at the regional level). 

3. Formulation or verification of standards and norms for use of information 
in the management and planning of the national or regional economy 
(normative stage). 

3.1.4 Aspects of landscape diagnosis and methodological approaches 

In determining landscape capacities with respect to social requirements, 
landscape diagnosis relies on a relatively wide spectrum of cause-effect rela-
tions between the natural system and its forms of social utilization (Figure 
3.1-1). 

With respect to the use of natural resources two aspects which are fre-
quently compared with each other in an opposite relationship have to be em-
phasized: the resources-related approach to the efficiency of the natural con-
ditions as well as the matter and energetic approach to the resilience and 
carrying capacity of natural conditions under certain forms of utilization 
(see Chapter 5.1). An approach is needed that unifies these two aspects. 

Each of the aspects of landscape diagnosis can be described by specific 
properties that can be determined by a number of proven methods and attrib-
utes: 

1. Characterizing the efficiency of natural conditions through 
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– determination of properties of the partial potentials and of the natural 
resources for landscape objects, 

– properties of the natural "milieu", especially with respect to the values 
of human-ecological environment and recreation capability of land-
scape objects, and 

– determination of natural risks (hazards, disturbance factors) in certain 
forms of utilization for landscape objects and natural processes. 

2. Characterizing the loading and carrying capacities through 
– degrees of stress and levels of loading capacity, retention time inter-

vals relative to certain forms of utilization, for landscape objects and 
natural processes, 

– carrying capacity (e.g. acid neutralization capacity (ANC), water car-
rying capacity, soil density) and limits of carrying capacity, relative to 
certain land use forms, for landscape objects and natural processes, 
and 

– characteristics of persistence and sensitivity of landscape objects and 
natural processes toward certain forms of utilization (modified carry-
ing capacities). 

3. Characterizing the utilization suitability (Figure 3.1-6) through 
– degrees of functional efficiency and performance of landscape ob-

jects, 
– multiple functions of landscape objects (scales of functions, combina-

tions of characteristic features in a multidimensional space), 
– suitability preferences of landscape objects for different social and 

economic functions, and 
– connection with the history of human activities in a region to deter-

mine the development of the cultural landscape and to widen the 
knowledge about the time-relationship of landscapes processes. 

4. Characterization of availability (spatial disposability) through 
– features of neighborhood effects of pairs and patterns of landscape 

objects, 
– forms of multiple utilization and their functional modes for landscape 

objects, 
– gradations of difficulty in the manageability of land use forms in re-

spect of spatial effects of natural processes and neighborhood effects 
of particular forms of utilization of land. 

An expansion of the conventional scientific approach to parameter and 
attribute transformation is associated with the interpretation of the results of 
inventory and survey of physical regions and landscape analysis. This is 
based on the proposed objectives to be tuned to the decision process on usu-
ally highly complex subjects, which are intended to be included. 
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a b s t r a c t

Land consumption due to residential development, economic growth and transportation belongs to
the most serious environmental pressures on landscapes worldwide, in particular in urbanised areas.
Accordingly, the aim of containing the development of land is rated increasingly high on the agenda of
environmental policy, at least in densely populated countries such as Germany, Belgium, the Netherlands
or the UK. As a result, different strategies and instruments to prevent excessive land consumption are
being discussed. However, many of these strategies and instruments adopt a rather general approach,
while it seems more effective to define the particular areas where the goal of reducing land consumption
is to be pursued. Such an approach must draw on information about how detrimental specific land use
transitions are with regard to, for instance, the functionality of soils, water balance or habitat quality
at specific locations. This paper introduces a conceptual framework for the impact assessment of land
use transition in urban areas which highlights how such information can be acquired. This framework
includes the differentiation of two levels of impact assessment: the level of the single land unit and the
context level which takes into account regional and aggregated impacts of land use transition bound to
the spatial context. The conceptual framework provides a basis to disaggregate (supra-)national policy
targets regarding land use, to scale them down to the regional level, and thus to clarify the spatially explicit
implications of land use policies.

© 2008 Elsevier Ltd. All rights reserved.

Introduction: The quest for a methodology of integrated
impact assessment of land use transition

The problem of land use transition

The transformation of natural, open or agricultural land into
urban land is one of the major environmental impacts in most
urbanized countries and regions (OECD, 1997). Moreover, along the
urban rural gradient this land consumption is often characterised
by dispersed developments, mono-functional and low-density land
uses and reliance on private car ownership—thus displaying the
typical features of veritable urban sprawl (Squires, 2002; Torrens

∗ Corresponding author. Tel.: +49 531 235 1950; fax: +49 531 235 1939.
E-mail addresses: henning.nuissl@ufz.de (H. Nuissl), dagmar.haase@ufz.de

(D. Haase), martin.lanzendorf@ufz.de (M. Lanzendorf), heidi.wittmer@ufz.de
(H. Wittmer).

1 Tel.: +49 531 235 1744; fax: +49 531 235 1836.
2 Tel.: +49 531 235 1747; fax: +49 531 235 1834.
3 Tel.: +49 531 235 1629; fax: +49 531 235 1836.

and Alberti, 2000; Couch et al., 2005). This is also true for Europe,
although European cities and towns have traditionally been rather
compact (Kasanko et al., 2006). In Germany for instance, between
1993 and 2004 daily land consumption has amounted to 80–130 ha
(BBR, 2007). Accordingly, the share of urban land (settlement and
transportation) of the total territory of Germany in 2007 is some
12.8% compared to 7.1% in 1950—a ratio which is only exceeded by
smaller and more densely populated states such as the Netherlands
(18%) or Belgium (14%; EEA, 2006) (Fig. 1).

Land consumption is not only a problem because it contradicts a
normative ideal of spatial planning. In a multitude of studies it has
been shown that land consumption is usually detrimental to the
environment in different regards (e.g. Johnson, 2001). Its impact
reduces the ability of nature to fulfil human requirements and
thus impairs ecosystem services in various ways (De Groot et al.,
2002; MEA, 2005; Curran and Sherbinin, 2004). Individual ecosys-
tem services that are affected by land use transition include the
production of food, regulation of energy and matter flows, water
supply, supply of recreational space, biodiversity or natural aes-
thetic values.

0264-8377/$ – see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.landusepol.2008.05.006

382



Author's personal copy

H. Nuissl et al. / Land Use Policy 26 (2009) 414–424 415

Fig. 1. (a) Land consumption (settlement and transport) compared to the popula-
tion and employee development 1993–2005 for the shrinking greater metropolitan
area of Leipzig (in German: Regierungsbezirk Westsachsen), eastern Germany
(1993 = 100). (b) Land consumption (settlement and transport) compared to the
population and employee development 1980–2000 for a growing Bavaria, western
Germany (1980 = 100).

Current land use policy approaches

It is widely accepted in the field of land use policy that the
incessant consumption of open land demands intervention and
regulation. At EU level, documents such as the European Land-
scape Convention (CoE, 2000; CEC, 2001, 2004, 2005), the European
Spatial Development Plan (1999), or the guidelines for the fund-
ing schemes of the common structural and agricultural policies
call for the reduction of land development. While these docu-
ments are not legally binding for the member states, the EU further
requires the introduction of an environmental impact assessment
for spatial plans. This latter instrument has the potential to consid-
erably reduce the negative impact of urban development and land
use transitions, provided there is a sound methodology of impact
assessment at hand that can be applied in practice.

At the national level an array of different policies for addressing
the challenge of land consumption are being discussed in the differ-
ent EU member states. In Germany, the Netherlands or the UK, for
instance, the discussion on strategies and instruments to inhibit
the further growth of settlement and transport areas is a high
priority on the agenda of environmental politics. Besides the regula-
tory means of both the planning system and environmental policy,
this discussion also highlights more informal instruments – such
as spatial development concepts, municipal resource management
schemes aiming at the reuse of brownfield land, and inter-regional
cooperation initiatives – as well as so called economic instruments
– such as changes in land taxation, or the introduction of a scheme
of tradable development permits (German Council of Sustainable
Development, 2004; Bundesregierung, 2004). Above and beyond
these instruments, the Federal Government of Germany has defined
the so called “30-hectare-goal” (Bundesregierung, 2004; Dosch,
2001). It thus committed itself to the goal of reducing the daily
rate of land consumption from currently around 110 to only 30 ha

in 2020. This figure might be seen as a political manifestation rather
than a strict quantification of a land use policy goal, but it clearly
provides political guidance towards the goal of mitigation of land
consumption. However, the “30-hectare-goal” is abstracted from
the context-sensitivity of land use transition impact, such as dete-
rioration of water balance, soil functions or habitat quality, which
differ tremendously depending on where the ‘consumed’ land is
located. This leads to the question whether such general goals can
be specified and differentiated in terms of where the incremental
development that is still deemed acceptable should take place (EEA,
2006)—i.e. how the ‘remaining’ development can be steered to the
most desirable locations.

Generally speaking, the different policy approaches and instru-
ments on the containment of land consumption aim at two
interrelated but distinguishable goals (Schröter-Schlaack and Ring,
2006): firstly a reduction of the (aggregated) amount of land devel-
opment; secondly, an improvement of (particular) land use and
development patterns, i.e. the achievement of a development pat-
tern that is least detrimental in terms of deterioration of ecosystem
services. In practice however, only if it succeeds in pursuing both
goals at the same time can land use policy successfully mitigate
the environmental impact of land consumption. In other words, a
quantitative reduction in land consumption will only substantially
contribute to the preservation of ecosystem services if supple-
mented by efforts to break it down to the regional and local level.
Such efforts should be substantiated by scientific knowledge of the
impact – or at least on the methodology of assessing the impact –
of land use transition. Compared to more complex and innovation-
related definitions (cf. Elzen et al., 2004; Wiek et al., 2006) the term
‘transition’ in this paper is understood as the change of one type of
land use to another.

Studies on the impact of land use transition

The assessment and evaluation of the impact of land use tran-
sition, including both land consumption and land abandonment,
is a major task of landscape research in general (Wu and Hobbs,
2002; Naveh, 2001). Accordingly, there is affluent expertise on the
effects of land use transition on ecosystem services concerning,
for instance, landscape clustering and fragmentation (Ewing, 1997;
Pauleit et al., 2005), disturbances in the water balance (Samaniego
and Barossy, 2006), soil compaction (EEA, 2006), air pollution and
noise (cf. indicator set by Wiek and Binder, 2005), or increased risk
of flooding (Bertoni, 2006). However, as a rule these studies are
highly sophisticated contributions to the research on individual
aspects of land use transition and employ a scientific methodology
which could hardly be copied in practical spatial planning.

On the other hand, we find integrated assessment schemes for
whole city regions, drawing on a multitude of disciplines and tak-
ing account of interlinked urban dynamics, such as suggested by
Ravetz (2000), Hasse and Lathrop (2003) or, in a more participatory
form, Wiek and Binder (2005). However, the primary focus of these
studies is not the problem of land use transition but rather the con-
ceptualization and evaluation of urban development processes in
general. Hence, a systematic, scale-spanning and practically appli-
cable approach to the integrative assessment of the impact of
(urban) land use transition is still missing. In particular, the var-
ious forms of land use transition in the housing sector need a more
detailed analysis so as to enable an assessment of its impact at the
relevant spatial scales.

Objectives and structure of the paper

In this paper we deal with the question of how environmental
science can support land use policy and planning in making quan-

383



Author's personal copy

416 H. Nuissl et al. / Land Use Policy 26 (2009) 414–424

titative goals of land use policy spatially explicit. We shall outline
an approach to the integrated assessment of the impact of land use
transition which is easily comprehensible and works on a compar-
atively small data base (as otherwise it would be hardly applicable
in practice, since land use policy and planning usually have only
limited resources at their disposal). This approach can in principle
be applied to all patterns of land use and land development.

The paper consists of five sections. Section 2 explains our
conceptual framework for the comprehensive environmental
evaluation of land use transition. Section 3 introduces the dis-
tinction between two scales of impact evaluation of land use
transition—unit and pattern or context level. It illustrates these
scales, which are essential to our evaluation approach, by means
of a couple of examples. Section 4 provides some remarks about
the application of the conceptual framework in practical land use
management and spatial planning. Section 5 provides a brief con-
clusion.

Conceptualising land use transition

Scientific support to land use policy must be based on some
general idea about how the use of land develops so as to
acknowledge the respective ‘point of scientific intervention’. Fig. 2
presents a heuristic flowchart that illustrates the basic dynam-
ics of land use transition. This flowchart builds upon the model
of “Driving Forces, Pressure, State, Impact and Response” (DPSIR-
model) which is widely used in interdisciplinary environmental
research as well as in policy documents. Basically, it conceptualises
human–environment interactions as the (more or less permanent)
exertion of pressure, caused by societal driving forces, on the envi-
ronmental media, leading to a certain state of the environment that
exerts particular impact. It is then essential to the DPSIR-model that
this impact possibly has a feedback effect on the driving forces (cf.
Brandt, 2000; Ravetz, 2000). (The five key notions of the DPSIR-
model are indicated at the respective places in Fig. 2; the arrows in
the graph reflect the chain of causation assumed by the model.)

Our conceptual flowchart makes two important additions to the
original DPSIR-model. Firstly, it explicitly mentions the actual pro-
cess of land use transformation (see box at the top of Fig. 2). It
is through this process that the demand for a certain land use
(pressure) brings about a certain land use pattern (state). We
therefore deem it necessary to deal with this very process. Sec-
ondly, the notion of governance is introduced in the flowchart
because, although public concern about the impact of urban sprawl
is increasing (Bengston et al., 2005), there is little evidence of

Fig. 2. Conceptualisation of land use transition, inspired by the DPSIR framework.

the impact of land consumption having direct feedback on its
causes—by, e.g., prompting households, enterprises or decision
makers to change their behavioural patterns regarding land use
(Haase and Nuissl, 2007; see broken line at the bottom of Fig. 2).
Instead, it is mainly the purposeful intervention by land use policy
and urban planning that has the potential to create such feedback
(see line and box at the bottom of Fig. 2).

We think that the conceptualisation of land use transition pre-
sented in Fig. 2 clearly illustrates some aspects that must be
considered by any scientific effort to support land use policy. First of
all, its circular structure demonstrates that, unless policy strategies
and planning instruments attempt to address the problem of land
use transition as an ongoing process (rather than defining fixed land
use patterns as their ultimate goal), they will neglect possible feed-
back dynamics and thus can hardly be successful. The flowchart also
shows that information on the impact of land use transition does
not in itself lead to an improved land use policy—rather, such infor-
mation can only provide the grounds for advising policy makers
and planners regarding the potential consequences of their deci-
sions and actions so that they are prompted to influence and change
the societal drivers of land use transition, in particular existing
institutional structures and governance strategies. Moreover, the
flowchart can provide an orientation for researchers from differ-
ent disciplines (e.g., sociologists, landscape ecologists and political
scientists) on how their particular disciplinary contributions are
interrelated (or should be related to each other) as well as an inspi-
ration for decision makers to seek more detailed information on
how land use transformation actually “works”.

More specifically, Fig. 2 demonstrates what is needed to accom-
plish a sound impact assessment of land use transition. As the point
of reference is the actual dynamic of land use change, it is quite
clear that such an assessment must draw on reliable land use data.
Such data can be either derived from existing maps, observed in
the present, or obtained from land use scenarios (Patel et al., 2007;
Wiek et al., 2006) concerning future developments. The practical
use of an assessment of land use transition increases, if it provides
policy makers with a better understanding of the consequences of
specific types of land use transition in a specific location. In order
to acquire such an understanding it is necessary to apply existing
theoretical wisdom to the particular case under scrutiny. This can
be done by means of some form of algorithm or formula which
allows one to attribute certain observations in the natural and/or
social world to the land use transition that has occurred. Here, the
discussion on ecosystem services has contributed considerably to
the formulation of the required algorithms and formulas (Finco and
Nijkamp, 2001). In addition to the information on land use change,
further data may be required for the calculation of the impact; how-
ever, the methodology of calculation should generally be kept as
simple as possible and as sophisticated as necessary so as to make
it applicable in practical land use planning and policy. Finally, for an
impact assessment to become practically relevant goals are needed
against which the results of the assessment can be evaluated. How-
ever, goal setting, i.e. the definition of target values, is certainly a
challenge that cannot be dealt with only on scientific grounds. As
a fair and credible goal setting requires the knowledge of all rel-
evant actors, i.e. stakeholders, it should be carried out through a
participatory process (cf. Wiek and Binder, 2005)4. Although we
are fully aware that the mere definition of categories and criteria
along which any assessment procedure is to be pursued entails a
strong normative element, we contend that the results of an impact
assessment along the lines we specify in the next section can con-

4 We owe this argument to one of the anonymous reviewers.
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siderably facilitate the formulation of site-specific goals of land use
policy and spatial planning.

Environmental impact assessment of land use transition

Methodological considerations

From what has been said regarding the conceptualisation of land
use transition, it becomes clear that an empirical impact assess-
ment of land use transition has two essential preconditions: (a)
a concise monitoring of actual land use transitions and (b) a set
of algorithms or equations for the impact assessment that can be
applied to the land use transition data resulting from the monitor-
ing.

Monitoring of land use transitions
Empirical data on actual land use transitions must build on infor-

mation concerning the features of single land units of (more or less)
homogeneous use – such as one field of arable land, one cadastral
unit, or one suburban retail complex – and their transformation
over time. There are quite a few methodological problems linked to
the collection of such data. These concern mainly the problems of
delineating homogenous land use units, defining appropriate land
use classes, and introducing monitoring routines so as to survey the
ongoing transformation of these patterns. Generally, it is hardly
avoidable that the land units on which the data collection draws
may differ in size and land cover, and may, to a certain extent, also
display internal heterogeneity; but they should be small enough
to allow an unambiguous definition of their predominant use and
characteristics, e.g. their sealing rate; and if they are changed, this
change should usually affect the whole unit. Fig. 3 gives an example
of what such land use units may look like.

Together the defined land use types build a typology on the basis
of which the actual land use transitions in a particular study region
can be systematized and, consequently, the impact assessment can
be carried out. To this purpose we propose the construction of a
matrix that consists of the empirically significant forms of land
use transition along the rural–urban gradient (rows) and a set of
impacts, i.e. impact dimensions, that are deemed most relevant
(columns) (see Table 1).

The land use transition types defined in the rows of the matrix
put the process of transformation of land uses in concrete terms.
They may thus also be seen as a differentiation of ‘pressure’ within
our conceptual framework. As there is in principle a vast abundance
of potential types of land use transition, it is very important to adapt
the typology that is actually to be used to the respective study case.
As an example, Table 1 defines those types of land use transition
that are relevant to city regions in eastern Germany that experience
urban decline and urban sprawl at the same time (e.g. Nuissl and
Rink, 2005). These land use transition types have been found from
an evaluation of both historical and current digital land use transi-
tion data sets of the eastern German city regions of Leipzig, Halle,
Dresden, and Berlin (Haase et al., 2007; Walz et al., 2004). At the
same time they have been adjusted to categories used in regional,
national, and EU statistics (at the NUTS5 and LAU6 level) in order to
ensure a certain degree of comparability.

Assessing the impact of land use transition on ecosystem services
The empirical assessment of various land use transition impacts

in a specific study region can draw on ample scientific expertise.
In various disciplines different formula, estimates, models, or more

5 NUTS = Nomenclature des unités territoriales spatiales.
6 LAU = Local Administrative Unit.

qualitative cause-effect-theorems have been defined that could be
applied to land use (transition) data so as to derive conclusions
regarding the various (i.e. sectoral) consequences of the observed
land use transition. Some of these algorithms may aim at/provide
only a relatively simple verbal assessment, resulting in statements
like ‘land use A impacts more on landscape function x than land
use B’ (cf. Ravetz, 2000); others may perform a precise quantifica-
tion of ecosystem services (e.g. Glugla and Fürtig, 1997; Mehnert
et al., 2005; Rounsevell et al., 2006; Alcamo et al., 2005). However
in many cases, in order to incorporate existing knowledge and pro-
cedures, these have to be adjusted to the context/issue of land use
change. For instance, there are various approaches and models that
aim at deriving traffic flows from spatial configurations but these
have to be modified so as to be applicable to the problem of land
use change. Moreover, it will usually be recommendable to gear
such approaches and models towards the specific situation under
scrutiny.

Levels of impact-assessment

Concern about the ongoing land consumption is usually
expressed in very general (spatial) terms. The German Federal
Government’s “30-hectare-goal” which was mentioned in the
introduction is but one example for this trend. However, research
on the effects of urban development and urban sprawl has proven
how difficult it is to achieve an overall assessment of all land use
transitions that occur in a particular area over a particular period of
time (Ravetz, 2000). Since the processes by which land use trans-
formation creates various specific effects are rather different, we
propose to distinguish between two analytical “levels” on which
these effects can be established (Fig. 4; Table 2). Note that the
notion of “level” does not signify a geographical scale but reflects a
particular analytical perspective.

On the one hand, the change of land use on a particular plot of
land may affect ecosystem functions that are related to this very
plot. For instance, the development of formerly agricultural land
goes along with – partly or even entirely – sealing the respective
site’s surface. This results in an increase in surface run-off and a
reduction in the filtering capacity of soils for pollutants. Such con-
sequences of land use transition occur directly on, i.e. below, above,
or in direct physical connection to the plot of land which is sub-
ject to a transformation of its use and are an immediate result of
the change of this plot’s properties. Therefore, we allocate these
consequences at the land unit level of land use transition.

On the other hand, the impact of land use transition may depend
on the characteristics of the (broader) area in which it is taking
place. This is the case, for example, if the construction of an indus-
trial estate or the building of a new road cuts an existing habitat in
two or if the establishment of a new large-scale out of town retail
facility attracts consumers from far away and, thus, increases the
car traffic in its surrounding areas. It is obvious that these phe-
nomena cannot be captured by only analysing what is happening
on a particular piece of land, nor do they occur on the very piece
of land the use of which has been transformed. Instead, they are
determined by the context in which the transformation of land use
is taking place – in the examples mentioned this context is defined,
among others, by the quality of habitats in the area and the aver-
age distance from the resident’s homes to the new retail facility,
respectively. Therefore, these examples represent what we call the
context level of land use transition.

Environmental impact of land use transition at the unit level

The unit level refers to the single land units of a – more or less
– homogeneous use that form the basis of the land use transition
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Table 1
Impact assessment matrix

Land use transitions Impact (effects) on
Surface
run-off
(mm)

Groundwater
recharge (mm)

Evapotranspiration
(mm)

Filter
capacity
(mg)

Edaphon (no. of
species)

Biodiversity (no. of
species)

Habitat
integrity

Global warming,
(CO2, UV)

Noise
(dB)

Municipal
taxes (D )

Maintenance
costs (D )

Usability Soil rent
(D )

Agricultural (fallow) land
Changes in single house area
Changes in compact housing estate
Changes in commercial area
Changes in roads, traffic area
Changes in fallow land
Changes in forest

Grassland and meadows
Changes in single house area
Changes in compact housing estate
Changes in commercial area
Changes in roads, traffic area
Changes in fallow land

Wetlands
Changes in single house area
Changes in compact housing estate

Railway
Changes in compact housing estate
Changes in commercial area
Changes in roads, traffic area
Changes in railway fallow land

Prefab large housing estate
Changes in single house area
Changes in shopping centre
Changes in urban fallow land
Changes in forest

Compact housing estate
Changes in urban fallow land

Urban brown-fields
Changes in single house area
Changes in compact housing estate
Changes in fallow land
Changes in forest

Succession land
Changes in single house area
Changes in compact housing estate
Changes in shopping centre

Forest
Changes in single house area

Mining area
Changes in waters
Changes in fallow land
Changes in forest

Military ground
Changes in fallow land
Changes in forest
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Fig. 3. Characteristic features of three selected types of urban land use transition (according to and modified after Haase and Nuissl, 2007).

Fig. 4. Spatial schemes of the “2-level approach”: land use transition from A to A′ .
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Table 2
Levels of impact assessment ecosystem services and goods for ensuring the quality of life affected by land use transition

Environmental impact of land use change (impact
dimension)

Unit level Context level Remarks

Regional effect Aggregated effects

Surface run-off x x
Groundwater recharge x x
Evapotranspiration x x Effect depends very much on local

circumstances
Filter capacity (of soils) x x
Soil organisms x x
Biodiversity (occurrence/abundance of endangered
species)

x x (frag-mentation) x Through more important
added/aggregated land use
changes in a region

Habitat integrity x x
Loss of arable land x x
Traffic (increase)a x
Generation of (municipal) taxb x x
Maintenance costsb x x
Land values; rentsb x

a Does not belong to the ecosystem service concept in a narrow sense but has – amongst others – considerable environmental impact.
b Does not belong to the ecosystem service concept in a narrow sense but defines important aspects of the human quality of life.

matrix introduced above (see Table 1). Impact of land use change
that occurs at the unit level can in principle be derived directly
from how this land use transition has modified the features of the
respective plot of land. This impact can be formalized as follows:

Iu = fu(A → A′), with Iu being the unit-level impact, A the original
land use, A′ the subsequent land use.

The following example highlights in more detail how the assess-
ment of unit-level impact of land use transition can be carried out.
It also illustrates that such impact assessment will usually require
some additional data (in addition to the data on land use trans-
formation), because the occurrence and/or the intensity of impact
normally depends on certain framework conditions.

Example 1: Impact assessment at the unit level—water balance as
a result of surfacing

Several studies have shown that sealing open land, in partic-
ular in connection with the compaction and degradation of the
soil’s drainage network, results in higher and accelerated surface
run-off and thus negatively affects the water regulation in the area
(Collin and Melloul, 2003). An increase in surface run-off and the
respective decrease in percolation water leads to, firstly, a drop in
groundwater recharge rates (affecting water supply for vegetation
and groundwater flow in the adjacent area), secondly, a reduction in
evapotranspiration (diminishing water content in the urban atmo-
sphere), and thirdly, a decline in the water filtering capacity of soils
and open surfaces for pollutants. Fourthly, in the event of heavy
precipitation the sewer systems and wastewater treatment plants
are often not capable of collecting the total amount of surface run-
off resulting in an increased flood risk (Emmerling and Udelhoven,
2002; Deal and Schunk, 2004).

Considering these findings, the water balance model ABIMO
(Glugla and Fürtig, 1997) was applied to the territory of the city
of Leipzig in order to quantify the long term urban water balance
changes resulting from land use transition (Haase and Nuissl, 2007).
A sub-model that computes the water surface run-off in urban areas
was developed by adapting the long-term water balance to the con-
ditions in highly urbanised areas (Messer, 1997): the latter model
calculates direct run-off rates for land units from the soil slope
gradient, soil type, groundwater level (the greater the water table
depth, the lower the direct run-off), land use, and the degree of
surfacing and canalisation.

The modelling results for Leipzig proved that already a moderate
increase of newly surfaced land (10–20%) in loess regions leads to
an obviously problematic increase in surface run-off (200–400%),

as there remains less bare (and sorptive) soil for infiltration and
percolation processes. The increase in surface run-off is above all
accompanied by a non-linear decline in actual evapotranspiration
(Haase and Nuissl, 2007).

The example shows that the detrimental effects of land con-
sumption on an urban region’s water balance and flood risk can
be derived at the unit level, since the change rates for all water
cycle components are calculated for, and thus can be assigned to,
individual land units, i.e. polygons, regardless of their respective
neighbourhoods. Other environmental impact of land use transi-
tion at the unit level – such as, e.g., deterioration of soil functionality
or loss in agricultural productivity – can be established in a likewise
manner.7

Environmental impact of land use transition at the context level

In order to assess the “context level impact” of land use tran-
sition it is not sufficient to look at an individual plot of land
undergoing land use change. Rather it is necessary to take into
account additional information regarding the – spatial – context
in which this plot of land is situated. Basically, this context can
become relevant in two different ways. We therefore distinguish
two types of context level impact which require different analytical
approaches.

The first type of context level impact of land use transition is
dependent on regional framework conditions. We therefore call it
the regional effect:

Ir = fr(A → A′) with r being the properties of the regional setting.
For example, the development of a large-scale leisure and shop-

ping facility in a specific area certainly affects traffic flow in the
broader region (and beyond), and thus also has an effect on environ-
mental conditions. The actual impact however will largely depend
on the general characteristics of the region, such as population den-
sity, degree of dispersion of settlements, supply of other shopping
facilities or number of cars.

While regional context effects could be assigned to the trans-
formation of one single land unit, another kind of context level
effect occurs only if a simultaneous change in the use of various

7 Many social and economic impacts can be assessed with a corresponding
approach. However, the assessment of impacts of this kind usually relies on rather
different context data; e.g. data on land prices or social structure in a particular area
rather than data on slope gradients, ground water levels or precipitation rates.
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land units takes place. A prominent example is the fragmentation
of habitats by the construction of new roads. While there are var-
ious direct effects of road construction on the affected land units,
the fragmentation of habitats results from the fact that land use
transition occurs in a linear way and involves a continuous row of
neighbouring parcels. We call this an aggregated effect (which is a
kind of ‘aggregated unit level effect’ that only occurs if the use of
several land units is changed simultaneously):

Ia = fa(A → A′) with a being the properties of the aggregated
effect.

Aggregated effects of land use transition may vary depending
on its exact form. In the literature on urban sprawl we find the
distinction between, e.g., compact, scattered, strip, poly-nucleated,
or leapfrogging development (e.g. Galster et al., 2001).

Example 2: Impact assessment at the context level—increase in
traffic as a regional effect

The increase in traffic due to (sub-)urbanisation certainly cannot
be understood by merely looking at single land units that are mod-
ified in terms of land use. Rather, it also depends on the functional
distribution of adjacent land uses and the availability of transport
networks (roads, public transport, cycling lanes and footpaths) in
the respective region (e.g. Cervero, 1998). Vice versa, the creation
of large housing or commercial sites often has considerable impact
on the entire urban region in terms of transportation area and traf-
fic flows, and, indirectly, air pollution and noise (e.g. Breuste et al.,
1998; Muniz and Galindo, 2005; Ravetz, 2000; Wiek and Binder,
2005; Camagni et al., 2002).

In order to conceptualise and quantify the relationship between
land use transition and traffic we can distinguish between urban
areas that are either the origin or destination of, or altogether irrel-
evant for traffic flows. However, land use transitions may not only
alter the origin-destination-relation between areas – for example
when a recreational site becomes a residential area and thus an area
of origin rather than destination of traffic – but also the total amount
of traffic: the construction of new suburban houses reduces popu-
lation densities in existing residential areas and increases average
travel distances for shopping, commuting or recreational activities.
These effects however will largely depend on the distribution of
workplaces and other facilities in the broader region (cf. Ewing,
1994, 1997), and are therefore assigned to the context level in this
paper. If the same amount of houses is being built on urban brown-
field land, the generation of additional motorised traffic may be
comparatively low because of good coverage of most inner urban
areas by public transport. Even if new inhabitants there do not
change their habit regarding car use, the average distances trav-
elled are significantly shorter in inner urban areas than in suburbia
(e.g. Siedentop et al., 2006).

For an assessment of the impact of (different kinds of) land use
transition on traffic amount and flows there are several evalua-
tion procedures available: qualitative schemes and estimates for
traffic flows (e.g. VISUM), gravity functions based on gravity acces-
sibility between origin and destination (e.g. Torrens and Alberti,
2000; Geurs and van Wee, 2004), and comparatively sophisticated
integrated land-use-transportation models such as ILUTM, IRPUD
(Moeckel et al., 2003), IMREL (Anderstig and Mattsson, 1999) or
MUSSA (Martı́nez and Donoso, 1995). The decision regarding which
of these assessment schemes should finally be applied depends
on a range of factors such as data availability, acceptance by local
decision makers and suitability for the respective area. Simple
estimation procedures or rule-based models can be used if no
neighbourhood relationships have to be considered – thus han-
dling the impact of land use transition on traffic as a specific kind of
‘unit-level problem’. If this impact is dealt with at the context level,
however, more integrated land-use-transport models should be

consulted that account for spatial interrelations between transport
axis and the neighbouring landscape. Moreover, such integrated
models often also look at the socio-economic setting of a whole
region.

Example 3: Impact assessment at the context level—endangering
of habitats as a regional effect

With respect to most species the habitat suitability of a certain
urban area depends on variables such as mean patch size, edge
density of (urban) forests or distance between built-up structures.
Therefore, the impact of land use transition on habitat suitabil-
ity usually can only be assessed at an ‘area scale’, i.e. for an area
of a couple of hectares of even square km. To give an example:
habitat suitability analysis using both the niche factor analysis
methodology (cf. Hirzel et al., 2002) and the Biomapper mod-
elling environment (Hirzel et al., 2001) have been carried out in
order to measure the impact of land use (transition) on two target
species (Mehnert et al., 2005): green woodpecker (Picus viridus) and
whitethroat (Sylvia communis).

For the green woodpecker, a high edge density in woody
dwelling related green spaces is most important, as he avoids large,
flat open sites. The habitat suitability analysis also revealed that
the variables mean patch size of natural forests and frequency of
loamy soils explain a good deal of the variation in habitat suitability
between different urban areas. Accordingly, habitat suitability for
the green woodpecker is surprisingly high in old densely built-up
areas in decline that start to ‘perforate’.

For the whitethroat, the decisive variables of habitat suitability
are the distance between built-up areas. The larger this distance is,
the better a site is suited as breeding habitat. Furthermore, short
distances between farms, wood-dominated fallow land or ruderal
spaces offer favourable breeding conditions. In the event of high
frequency of broadleaf forests, a high habitat quality can be pre-
dicted, whereas a high edge density of public parks is detrimental
to the breeding of whitethroat.

What do these results mean with respect to the assessment of
land use transition impact? First of all they show that an analysis of
habitat suitability can shed light on whether a land use transition
has a detrimental – or sometimes even a positive – effect on species,
i.e. on biodiversity, in a certain area. They also underline that the
extent to which regional impact of land use transition occurs is
often dependent on the precise land use pattern that results. More-
over, they illustrate the kind of data needed for the assessment of
regional effects such as habitat fragmentation, increase in the risk
of flooding by the encroachment of retention areas, or change in
microclimatic conditions. Regional effects can be quantified using
weighted summation (w�) of unit-level land transitions, weighted
shares (w%), or indices quantifying the density or dispersion of land
uses, or the distance between functionally linked land use types
(e.g. origin—destination), respectively (Batty et al., 2003). Finally,
landscape metrics (adopted from landscape ecology) seem to pro-
vide a suitable set of measures to highlight “configuration and
pattern effects” (Forman and Godron, 1986; Turner et al., 2001;
McGarigal and Marks, 1995; Weng, 2007) as a complex form of
regional effects.

Discussion

The conceptual and methodological considerations made in this
paper provide a heuristic basis for evaluating the extent to which
actual land use transitions jeopardize ecosystem services. In this
regard, they can generally inform the debates on land consump-
tion and land use policy. Whereas land use policies often call for
regulative as well as economic instruments suited to hamper land

389



Author's personal copy

422 H. Nuissl et al. / Land Use Policy 26 (2009) 414–424

consumption in ‘a lump sum manner’, our approach introduces a
more differentiated perspective. Above and beyond this theoretical
aspect, the actual application of our approach in empirical stud-
ies can contribute to improving regional and local land use and
planning policies in several respects.

Firstly, the conceptual framework can be used for an empirical
assessment and comparison of land use transition impacts that are
to be expected from alternative land use transition scenarios (cf.
Patel et al., 2007) in a particular region.

Secondly, the empirical application of our conceptual frame-
work can shed light on the – different ecological – shadow costs of
different forms of land use transition that may become actual (eco-
nomic) costs (when it becomes necessary to replace lost ecosystem
services, e.g. by technical infrastructure).

Thirdly, the impact assessment of alternative future land use
scenarios (cf. Wiek et al., 2006) can facilitate the definition of target
values or thresholds in land use policy and planning at a regional
or even local level. (The definition of minimum requirements for
habitat suitability provides a good example here; see example 3
above.)

Fourthly, the assessment of impact at the scale of the urban
region also takes into account the aggregated – i.e. scalar – effects
that result from both the aggregation of unit-level effects as well as
the context level effects. Likewise, it acknowledges that the impact
of all land use transitions together that occur in a respective urban
region is more than the sum of the individual “land unit related”
transitions and their effects. This does not become visible in studies
that focus on particular sites only.

All in all, an empirical assessment according to the presented
conceptual framework of how land use transition – i.e. how alter-
native land use patterns that may emerge in the future – will affect
ecosystem services at a regional scale could provide a basis for
well informed decision making – i.e. for the selection of the most
desirable land use pattern. For instance, it will enable experts from
different disciplines to argue in favour or against new strategies for
“space-efficient housing”, in particular inner city (re)densification
policies (Weber et al., 2006) or brownfield recycling-schemes
(Ganser and Williams, 2007). In this vein, our approach supports
local and in particular regional (i.e. “inter-municipal”) planning
authorities who are the ones that must filter down aggregate tar-
gets of land use policy, such as the German “30-hectare-goal”, to
the realities of urban development.

First experiences with this kind of impact assessment scheme
were acquired in the context of decision support with stakehold-
ers and practitioners in the urban regions of Leipzig and Dresden
(Saxony). The city of Leipzig is applying parts of the impact assess-
ment procedure, namely the derivation of sealing rates for land
use transition in the area of landscape planning and environmen-
tal protection. With the help of the impact assessment the rainfall
regulation and filter potential of soils and open land within the city
can be more effectively detected (cf. Haase and Nuissl, 2007). First
results from our impact assessment scheme were included in the
new landscape plan of Leipzig. In order to assess the environmental
effects of the demolition of housing estates in a shrinking city region
socio-environmental indicators as presented in Tables 1 and 3 had
been applied within a multi-criteria decision support approach
(Schetke and Haase, 2008).

Moreover, both its regional focus and its consideration of var-
ious forms of land use transition (not only the development of
previously green or agricultural land) should make our approach
particularly valuable in urban regions that undergo a process of
profound population decline and urban restructuring (cf. Fig. 1b).
On the one hand, these regions provide a large potential to stop or
even “reverse” land consumption by turning formerly urbanised
area into green area. On the other hand, the problem of under-

used (and thus overly expensive) infrastructure occurs in these
regions, thus putting the problem of increasing costs for infras-
tructure provision at the top of the agenda when it comes to
an evaluation of land use transformations. It is against the back-
ground of these two aspects that the recent efforts in the UK to
promote brownfield reuse have been undertaken. But the discus-
sion and decision about how derelict areas (especially in declining
urban regions) should be used – or left unused – will certainly
become more significant than today, in other European countries
as well.

Conclusions

The paper presented a conceptual framework for an integrated
assessment of the impact of land use transition in urban regions.
This framework provides a basis for an empirical quantification and
evaluation of such impact in concrete study regions. It introduces
a few new features to the discussion of land use transition and the
assessment of its impact:

• the distinction between two levels of impact-assessment of land
use transition,

• the classification of land uses in a land use typology (allowing a
detailed distinction of different possible transitions),

• the derivation of regional impact of land use transition from
aggregate statistical figures, and

• the consideration of a variety of potential impacts. At present our
approach accounts for several disciplines – such as hydrology,
soil science, landscape ecology, biology, transport geography, and
economics – but it is also open for the inclusion of additional fields
that have so far not been included.

The integrative character of our approach brings added value
into a discussion which is very much focussed on ‘space’ and
‘hectare-figures’. More specifically it can support regional and local
decision makers in their attempt to not only gear land use man-
agement and planning to the normative idea of sustainability but
also to make a qualified contribution to the achievement of ‘global’
(i.e. national) targets regarding the reduction of land consump-
tion. In other words: Since an assessment of land use transition
impact draws the attention to the consequences of alternative
land use management and planning decisions, it has the poten-
tial to orient urban development to the ‘right’ places. This will
become increasingly important in the near future as we face a
simultaneity of growth and decline in many European regions
that opens up the chance for new land development strategies.
However, in particular under the condition of decline, the eval-
uation of land use transition should also include socio-economic
aspects, such as infrastructure costs or socio-spatial segrega-
tion. In this regard, at least in the medium run, the presented
conceptual framework should be expanded to further ‘impact
dimensions’.
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Naturschutz und Landschaftsplanung 2, 54–64.

Messer, J., 1997. Auswirkungen der Urbanisierung auf die Grundwasserneubildung
im Ruhrgebiet unter besonderer Berücksichtigung der Castroper Hochfläche
und des Stadtgebietes Herne. DMT-Berichte aus Forschung und Entwicklung 58.
Deutsche Montan Technologie GmbH, Essen.

Moeckel, R., Schuermann, C., Spiekermann, K., Wegener, M., 2003. Microsimulation
of Land Use. In: Proceedings of the 8th International Conference on Computers
in Urban Planning and Urban Management (CUPUM), Sendai, Japan, Centre for
Northeast Asian Studies (CD-ROM).

Muniz, I., Galindo, A., 2005. Urban Form and the ecological footprint of
commuting. The case of Barcelona. Ecological Economics 55 (4), 499–
514.

Naveh, Z., 2001. Ten major premises for a holistic conception of mul-
tifunctional landscapes. Landscape and Urban Planning 57 (3–4), 269–
284.

Nuissl, H., Rink, D., 2005. The ‘production’ of urban sprawl in eastern Ger-
many as a phenomenon of post-socialist transformation. Cities 22 (2), 123–
134.

OECD, 1997. Toward Sustainable Development: Environmental Indicators. OECD
Publication, Paris.

Patel, M., Kok, K., Rothman, D.S., 2007. Participatory scenario construction in land
use analysis: an insight into the experiences created by stakeholder involvement
in the Northern Mediterranean. Land Use Policy 24, 546–561.

Pauleit, S., Ennos, R., Golding, Y., 2005. Modeling the environmental impacts of urban
land use and land cover change—a study in Merseyside, UK. Landscape Urban
Plan 71 (2–4), 295–310.

Ravetz, J., 2000. City Region 2020. Integrated Planning for a Sustainable Environ-
ment. Earthscan, London.
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The amount of land consumption required for housing and transport severely conflicts with both the
necessity and the legal obligation to maintain the ecological potential afforded by open spaces to meet the
needs of current and future generations with regards to the protection of resources and climate change.
Owing to an increasing intensity of soil use, soil conditions appear to have deteriorated in most city regions
around the world, namely their filter and runoff regulating functions are impaired by land surfacing. As such
soil functions depend on the soil's biophysical properties and the degree of imperviousness, the impact on
the water balance caused by urban growth varies considerably. In response to the demand for sustainably
secure urban water resources, it needs to be assessed exactly how land surfacing affects the functions
concerned. Analysing and evaluating urban land use change on the long-term water balance should improve
our understanding of the impact of urbanisation on the water household. Therefore, this paper analyses the
impact of urban land use change and land surfacing on the long-term urban water balance over a 130-year
trajectory by using simple model approaches that are based on data available to the public. The test site is the
city of Leipzig. In particular, attention is to be paid to estimating changes of evapotranspiration, direct runoff
and groundwater recharge.

© 2009 Elsevier Inc. All rights reserved.

1. Introduction

Over recent decades extensive urbanisation and land consumption
processes have become an increasingly prominent but contentious
issue in both public and academic discussions on land use change
(Antrop, 2004). Althoughworldwide impervious landmakes up 0.43%
of the total land area (Elvidge et al., in press), in many European
countries we find N10% urbanised and commercial land (Nuissl et al.,
2008). Forward-looking studies imply that these dynamics will not
subside (Antrop, 2004; Kasanko et al., 2006).

Among themost importantmodifications that affect the urbanwater
balance is the increase in the impervious cover (Grimm et al., 2008;
Elvidge et al., in press). Many authors claim that urban sprawl and the
growth of the amount of built-up land have considerable negative
impacts, such as social segregation and environmental degradation
(Squires, 2002; Burchell et al., 2002; Kasanko et al., 2006; Batty et al.,
1999; Johnson, 2001). At the same time, there is also strong support for
the opinion that the problems of urban sprawl are by far outweighed by
its benefits such as that it enables a growing number of people to live
according to theirdesires (Johnson,1997;Gordon andRichardson, 2001;
Alberti and Marzluff, 2004; Alberti, 2000). Inspired however, by the
growing concern about sustainability,1 many academics are calling to

effectively contain urban land consumption (Ewing, 1997; Galster et al.,
2001).

There have been numerous case studies on the spatio-temporal
and functional effects of urban growth on ecosystems (Breuste, 1996).
These studies demonstrated that urban land consumption affects the
environment in terms of biodiversity (e.g. Löfvenhaft et al., 2002),
habitat suitability (e.g. Hirzel et al., 2002), water balance and water
regulation (e.g. the storm runoff by Whitford et al., 2001 and
Coldewey et al., 2001; water balance more generally by Wessolek,
1988; Interlandi and Crockett, 2003), microclimate (e.g. Pauleit et al.,
2005), or photosynthesis (e.g. Imhoff et al., 2000). Considering a more
long-term impact however requires a comparison of different time
slots. There have only been very few studies which have provided
empirical evidence as to the extent that urban growth processes from
the beginning of industrialisation onwards have had an impact on the
natural environment in the form of landscape functions (Haase and
Nuissl, 2007; Haase et al., 2007).

Therefore, this paper focuses on the impact of urban growth on the
long-term urbanwater balance. Based on a long-term trajectory of land
use change over a period of more than a century, namely from 1870 to
2003, it presents a case study, the city of Leipzig, that provides empirical
evidence of the effects that urbangrowth and land consumptionhave on
the water balance using simple models, which are based on publicly
available data. The analysis focuses in particular on the parameters of
evapotranspiration, precipitation, and water regulation represented by
direct runoff and the groundwater recharge rate.

Environmental Impact Assessment Review 29 (2009) 211–219
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For two reasons the study is restricted to a comparative model
application without using reference measurement data: Firstly, the
earliest land use data originate from 1870 where no stream-flow
measurement data are available. Secondly, none of the outflow gauges
of the city of Leipzig reflect a holistic picture of the runoff generated in
the city area that wasmodelled since they represent larger sub-basins.
The major point that this paper intends to illustrate is to provide
estimates for the long-term environmental impact of urban land
uptake for a specific case study as well as the comparison between
four respective time steps.

2. Methods

Section 2 discusses the case study (Section 2.1), the data available
and the methods applied to study the effects of urban growth on the
water balance. As well as detecting land use change over time (Section
2.2.), first and foremost the methodology covers the modelling of the
water balance. Here, the ABMIO model (Glugla and Fürtig, 1997) and
an approach by Messer (1997) were used (Section 2.3).

2.1. The case study

2.1.1. Land use history
The case study site, Leipzig, founded in the 11th century, has a long

history as an important urban centre and currently has around half a
million inhabitants. Situated in the eastern part of Germany, the
former socialist German Democratic Republic, it experienced very
little urban sprawl in the post-World War II period until 1989. Before,
during and after the socialist era, however, an increase in the amount
of built-up land was quite common in and around Leipzig (e.g. from
allotment gardens, villas and prefabricated high-rise buildings).

Leipzig underwent a period of vibrant growth between 1870 and
1930, reaching its historical maximumwith a population of more than
700,000 in the early 1930s, which then made it Germany's fourth-
largest city. This development was accompanied by the urbanisation
of the city's surrounding environment at that time. After 1989, post-
socialist transformation again ushered a period of heavy urban sprawl,
with several shopping malls, commercial parks and residential
neighbourhoods spreading, in this order, into the city's suburban
periphery. Industrial decline, low birth rates and out-migration,
however, contradicted the expectations linked to these investments
and led to a surplus of housing, office space and developed land.

Since the late 1990s urban sprawl around Leipzig has subsided
considerably. Following the incorporation of several suburban town-
ships in recent years, the administrative territory of Leipzig today
covers almost 30,000 ha (298 km2) and has a population of around
505,000 (Haase and Nuissl, 2007).

In terms of the urbanisation process over this long-term trajectory,
from 1870 to 1940, urbanisation predominantly meant the growth of
new impervious land and built-up areas around the urban periphery.
After 1990, there was an excessive sprawl. Urban densification has
been observed since 2004 but such inner-urban small-scale changes
are not always detectable at this scale of analysis, 1:25,000.

Leipzig iswell suited as a case study formodelling the effects of long-
term land use change on the water balance for a variety of reasons.
Firstly, facing simultaneous processes of societal and economic transi-
tion and demographic change, the case of Leipzig is fairly typical of the
development of non-capital cities in the former socialist parts of Central
Europe (Schetke and Haase, 2008). As many old industrialised cities in
the West have to deal with similar problems, Leipzig is also a general
example of the medium-sized city that has ceased from growing in the
developed world (Banzhaf et al., 2007). Second, Leipzig is large and
diverse enough to allow an overall assessment of the impact of urban
growth on a regional scale. Apart from the inner city, which consists of a
solid, dense structure of 19th and 20th century Wilhelminian-style
tenement blocks, the city's territory contains large areas of the typically
suburban mixture of land uses (Sieverts, 2003), including agricultural
land and floodplain forests. And third, the availability of spatial data, a
prerequisite for any kind of spatial modelling, is very good (Haase and
Nuissl, 2007).

2.1.2. Biophysical conditions
Leipzig is situated in a lowland position on loess soils in Central

Germany along the rivers of the Weiße Elster and the Pleiße. The city
developed along the banks of these small rivers using the natural
resources that the regionprovided in the formof highly diversefloodplain
forests and nutrient-rich, binding flood loam soils. The region has a
medium-continental climatewith an average annual precipitationof 560–
580 mm and an average annual temperature of 8.8 °C (Haase, 2003).

2.2. Detecting land use and cover change

Monitoring of the long-term land use change in the study area was
related to different data sources. Firstly, topographic maps and the digital
land use information system for Germany (ATKIS) from 1870, 1940, 1985,
1997, and 2003, and moreover planning maps and documents for areas
designated for land development after 1990 until 2003, were used to
create a digital land use data base. Secondly,field surveyswere carried out

Table 1
ClassificationofGIS-database landuse types into categories of impervious landa (according
to Haase and Nuissl, 2007).

Categories of impervious
land

Land use types

0% Agriculture/forestry, raw materials extraction, areas of
water

N0–20% Green spaces, parks, gardens, cemeteries
N20–40% Railway tracks, sports facilities, health/social services
N40–60% Large housing estates (flats and houses), utilities/waste

disposal, military
N60–80% Older villages, 1990s housing estates, education/research
N80–100% Centre, commercial space, the service sector, trade show

venues, roads

It is a summary of the more detailed land use list in Table 2 but more comparable in this
form to municipal and regional land use statistics.

a The classification of imperviousness follows measurements from field surveys
carried out in various German cities based on the same concept of urban structure types.
This reduces the uncertainty of estimations of the total amount of impervious land
(cf. Haase and Nuissl, 2007).

Table 2
Classification of imperviousness cover and drainage system (in the form of a percentage
land parcel connected to the subterrain channel network) for different urban land use
types based on field measurements as required input data for the ABIMO model.

Land use type Degree of imperviousness (%) Percentage of land
parcel drained (%)

Old rural settlement core 65 80
Multi-storey terraced 40 50
Prefabricated multi-storey houses 60 15
Detached housing estates 70 85
Detached houses 50 35
Wilhelminian style tenement 80 85
Villas 50 50
City centre 95 60
Commercial area 90 95
Trade area 85 85
Service sector 85 75
Hospitals 40 65
Education 75 65
Military ground 55 75
Water supply and waste water 50 90
Roads 30 20
Railway 85 90
Sports ground 40 20
Park 20 20
Allotment gardens 20 20
Cemetery 15 20
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in order toobtain themissing (detailed) informationon landuse (not land
cover) in particular areas (cf. Gill et al., 2008, on the differentiation of land
use and land cover). From these sources, GIS-based vector files containing
land-use nomenclature and derived sealing rates were established. And
thirdly, existing studies on thehistoric and current developmentof Leipzig
and its regionwereanalysed soas to comprehend the respective contextof
land conversion (Haase et al., 2007). The resulting series of land use
(change) maps is given in Fig. 2 and discussed in Sections 3.1.

Based on methodological findings by Steinhardt and Volk (2002)
and Frede et al. (2002) and drawing on reference data from other
studies on Leipzig (Wickop et al., 1998; Münchow, 1999) as well as
field experiments, it was possible to assign a percentage of average
impervious cover to each of the urban land use classes identified at a
scale of 1:25,000 (Tables 1 and 2). Thus, a set of urban land use types,
characterised in terms of built-up form, surfacing and drainage, could
be discerned. When different information concerning the degree of
surfacing in a particular structural type was found in the afore-
mentioned references, the mean value was used for modelling.

Thus, a scale-specific and -spanning2 classification of impervious
cover (Tables 1 and 2) for the entire study region was obtained,
providing the data input for both water balance models ABIMO and
Messer (cf. Fig. 1 in Section 2.4).

2.3. Input data

In addition to this land use data compiled by the author, regional
climate data available to the public (mean 1961–1990 for precipitation
and evaporation) provided as 1000×1000 m raster data provided by
the Federal Meteorological Survey were used for determining the
mean long-term precipitation and evaporation values for the city area.
Moreover, different 1:25,000- and 1:50,000-scale digital soil maps
provided by the Saxon Environmental Agency containing information
on soil grain size and field capacity for each land parcel were used. A
20×20mdigital terrainmodelwas used to derive the slope parameter.

2.4. Water balance model

Deal and Schunk (2004) argue that surfacing open land, especially
in connection with the density and intensification of the soil-borne
drainage network, results in higher and accelerated direct runoff flows

which first of all provoke a fall in the groundwater recharge rates and
subsequently also in the low-water flow of receiving water. Secondly,
land-sealing brings about a reduction in water content in the urban
atmosphere. Thirdly, it leads to a decline in the water retention and
filtering capacity of soils and surfaces for pollutants (Collin and
Melloul, 2003; Emmerling and Udelhoven, 2002). Fourthly, in the
event of heavy rainfall the sewer systems and wastewater treatment
plants are assumed to be not capable of collecting the total amount of
direct runoff resulting in an increased flood risk.

To assess the effects of a long-term land use change on such
functionalities the water balance model ABIMO (Glugla and Fürtig,
1997; Fig. 1) was applied to quantify the major variables of the long-
term water balance for a city, namely for the time period from 1870-
2003. ABIMO was designed by the German Federal Institute of
Hydrology for modelling the water balance in the quaternary area of
Central Germany (Pleistocene and Holocene sediments and substrates
with vertical seeping behaviour of the soils) and later modified for
urban areas. ABIMO determines the base flow Au (in mm) of an area
from the mean potential (R) and actual evapotranspiration ETa (in
mm) and the long-term mean precipitation rate Po (in mm). ABIMO
uses the BAGROV-relation (Rachimow, 1996) to determine the actual
evapotranspiration ETa of an area (Eqs. (1) and (2)):

R = Po − ETa ð1Þ

dETa
dPo

= 1− ETa
ETp

 !n

ð2Þ

The BAGROV-relation is based on the evaluation of long-term
percolation field studies. It describes the non-linear relation between
precipitation and evaporation depending on soil grain size, field
capacity, land use and respective drainage properties. With knowl-
edge of the precipitation rate Po, and potential evaporation ETp, and
the efficiency parameter n, the BAGROV relation determines the real
evaporation R for areas without groundwater influence (used as a
proxy for vertical flowwithout any lateral influence; Haase and Nuissl,
2007).With increasing precipitation Po, real evaporation R approaches
potential evaporation ETp, or the quotient R/ETp approaches a value of
1.3 With decreasing precipitation Po, the real evaporation R
approaches precipitation Po. The efficiency parameter n takes into

2 Scale-specific in this case means that empirical data elaborated during field work
by the studies by Münchow (1999) and Wickop et al. (1998) were aggregated to land
use types that work at a scale of 1:25,000. Scale-spanning means that all land use
types and land use changes respectively that are detectable at this specific scale of
1:25,000 are incorporated into the analysis.

Fig.1. Logic of the ABIMO andMesser models to calculate the urbanwater balance: The vertical water flow is determined by precipitation Po, potential (R) and real evapotranspiration
(ETa). ETa is a product of R and drainage-sensitive properties of the land parcel such as the degree of imperviousness, ground water level and soil field capacity (FC). In order to
determine the horizontal water flow the groundwater recharge (Au) is reduced by the surface runoff (Ao) using the slope-factor additionally.

3 R is the long-term mean of evaporation (1961
^
–1990) which results from regional

measurements (which not only cover urban but also agricultural and forest areas). ETa
is the site- or plot-specific evaporation which includes reduction due to sealing and
canalisation.
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account the modification of the water storage capacity of the
evaporative zone due to land use, degree of imperviousness and soil
properties of each site (Glugla and Fürtig, 1997). The function of the
sewer system (that accelerates the drainage of the land parcels by
collecting precipitation and runoff water directly in the river) is
estimated according to the land use classes and included in the ABIMO
model via the parameter degree of canalisation (%; cf. Table 2): the
higher the drainage proportion the lower the groundwater recharge
rate which equals Au.

A second model to calculate the water direct runoff in urban areas
was developed by adapting a runoff-model by Schroeder and
Wyrwich (1990) to the conditions in the highly urbanised Ruhr-area
in Germany (Messer, 1997). Based on the ABIMO base flow (Au) data,
Messer's model calculates direct runoff rates in an area from the soil
slope gradient, the soil type, its grain size, the ground water level (the
deeper the water table, the lower the direct runoff), land use, and the
degree of imperviousness (cf. Fig. 1). The direct runoff Ao equals the

proportion p of excess water (difference between precipitation and
evapotranspiration; Eq. (3)) out of 100:

Ao =
Po − ETað Þ � p

100
ð3Þ

The factor p is much higher in the case of cohesive soils (silt, clay)
compared to grainy or porous ones (sand). With regards to land use p
decreases in the following order: farmland, grassland, forest. In the
case of surfaced areas, the proportion p rises with the degree of
impervious cover (Messer, 1997; Table 3).

3. Results

3.1. Urban growth and land sealing

In 1870, the city of Leipzig had largely preserved its mediaeval
character and huge parts of the current city (89%) were covered by
arable land and forest (Fig. 2). It was primarily theWilhelminian-style
tenement development and the increase in industrial land that
contributed to the subsequent growth of the city. Contrary to the
assumption among local and regional representatives of nature
conservation, the size of the forested area in Leipzig (around
20 km2) has not changed much since 1870 (~10%=30 km2). On the
other hand, the decrease in alluvial and riparian wetlands and
grassland has been considerable (−6.8 km2). Leipzig's development
into a compact industrial city between 1870 and 1940 was
accompanied by the embankment and canalisation of its rivers,
causing the floodplains in the inner city to almost entirely disappear.
Concurrently, large allotment garden sites (14 km2) emerged and on
the former outskirts of the city, the number of detached and semi-
detached houses increased considerably in the 1920s and 1930s (cf.
again Fig. 2).

Table 3
Proportion p of baseflow Au.

Slope 0–2%

Soil Sand Loam

Depth to water table b1 m 1–2 m N2 m b1 m 1–2 m N2 m

Land use

Farmland/grassland 50 0 0 50 20 20
Mixed woodland 20 0 0 30 5 0
Surfacing 1–20% 38 8 8 42 20 20
Surfacing 21–40% 58 43 28 61 51 42
Surfacing 41–60% 73 62 52 74 67 60
Surfacing 61–80% 86 79 73 86 82 79
Surfacing 81–100% 92 89 87 92 91 90
Water 0 0 0 0 0 0

Surface runoff Ao is Au multiplied by p divided by 100 (modified according to Messer,
1997).

Fig. 2. Land use change in the city of Leipzig between 1870 and 2003. The first phase of growth occurred after 1870 representing the industrialisation and transport development until
WorldWar II. Even though up until now Leipzig is a compact city, particularly after German reunification in 1990 we can prove a kind of urban sprawl into the rural hinterland which
is connected with land surfacing and an increase of impervious land. First and foremost the north-eastern part of the city experienced a dramatic increase of built-up land after 1990.
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During the socialist period (1945–1989) continuous urban land take
mainly occurred along the transport axes. Apart from a further decrease
in arable and open land due to this moderate axial development along
the main roads, land-use change also occurred due to reconstruction
work in the inner city areas,where vacant lots and brownfields resulting
from the destruction of World War II were partially redeveloped. The
most striking change in land use over this periodwas the establishment
of an enormous housing estate for 100,000 inhabitants on the city's
western fringe between 1976 and 1989. Likewise, other, though much
smaller, housing estates were built on Leipzig's periphery (Fig. 2).
Processes of urban sprawl after the German reunification in 1990meant
a further decrease in the proportion of arable and open land (−45%). In
total, land use change in the 1990s brought about an increase in surfaced
land4 of about 10 km2 (Couch et al., 2005; Nuissl and Rink, 2005).

Between 1945 and 2003, the surfaced areas in Leipzig increased by
48.7 km2 (19%). In both absolute and proportional terms, Leipzig has
more impervious land compared to other Eastern Central European
cities of similar size, such as Dresden (Germany), Brno (Czech
Republic), or Bratislava (Slovak Republic). The reason for this can be
found in the traditional compact and densely-built urban structures
which largely survived World War II. Whereas, during socialist times,
mainly new industrial and large housing estates contributed to land-
sealing, these days the largest proportion of newly surfaced areas is
accounted for by residential land with a medium proportion of
impervious land (N40–60%, see Table 1). Highly surfaced areas (N80–
100%), such as industrial and commercial land, also account for a large
part of the land newly developed after 1990.

By comparison, areas with a limited proportion of impervious
surface (N0–20%) such as public parks and gardens but also private
allotments, make up for about 18% of land that has been urbanised
since 1940 (Fig. 3; Haase and Nuissl, 2007; Banzhaf et al., 2007).

3.2. Water balance change

3.2.1. Direct runoff
In the study area, unsurfaced land mainly features direct runoff

rates of 25–l50 mm, as the loess soils in the Leipzig region have high
field capacities and are therefore able to take up and store notable
quantities of precipitation water. Due to land-sealing after 1870, and
particularly after 1990, the study area's high overall run-off control
functionality has been severely decreasing (Fig. 4). In areas with a
limited amount of impervious land the amount of direct run-off is

increasing: the runoff control starts to deteriorate as a share of
impervious land of N20% where the direct runoff values start to
double. Where the degree of imperviousness amounts to N40–60%,
respectively, direct run-off increases by 200 mm/a (e.g. in prefabri-
cated housing estates). Once the share of impervious land exceeds
60%, runoff control drops annually by N200 mm and wherever it is
N80%, run-off control drops by more than 300 mm (Fig. 4).

With an average annual precipitation of 570 mm (mean value for
1961–90), an increase in direct runoff of up to 450 mm/a (which is
N75% of the total annual precipitation) has been modelled in those
areas that have been almost entirely surfaced (N80–100%) in the
northern part of the city mostly in the form of commercial land, the
new airport and transport ways. The surfaces that were the most
sealed were found particularly for commercial land and residential
parks built after 1990. The lower the amount of impervious surface
cover in built-up areas, the lower the increase in direct runoff is, as
there are still sufficient un-built surfaces in which the precipitation
water could percolate and infiltrate. Direct runoff also increases less
severely where the soil had a poor infiltration capacity before it was
surfaced. This particularly holds for loamy soils.

3.2.2. Evapotranspiration
The increase in direct runoff is above all accompanied by a decline

in the actual evapotranspiration rates. In areas with a proportion of
impervious land of N20–40%, evapotranspiration declines by 100–
150 mm/a; in areas where this proportion is very high (N80–100%), it
goes down by 450 mm/a. Overall, this means that the water regime is
shifting towards a direct run-off throughout the study area (Fig. 5).

3.2.3. Groundwater recharge
Due to changes in land use, the groundwater recharge rates on

agricultural land are about 125–175 mm from East to West of the
study region, which is in line with the distribution of precipitation.
The amount of percolation in areas where surfacing is up to 60% could
be as much as 100 mm/a. In areas where surfacing is N60%,
percolation has declined by up to 150 mm/a (Fig. 6).

Looking at the overall changes of the urban water balance
caused by urban growth and land surfacing we find a considerable
decrease in evapotranspiration fluxes of up to 25% (compared to
1870 which serves as a baseline). Compared to this baseline, the
direct runoff rates dramatically increased from 1870 onwards to
282% in 2003.

The groundwater recharge rate has only decreased slightly so
that we can conclude that water cycling in Leipzig has accelerated
through urban growth. The water holding capacity has dropped in

4 Surfaced land is calculated using the total area of specific land use types multiplied
by their use-specific proportion of sealed surface given in Table 2.

Fig. 3. Development of the degree of imperviousness in Leipzig from 1870 to 2003. In order to include all classes of impervious cover into the graph, the left-hand y-axis only shows
the 0%-class whereas the right-hand y-axis is used for all classes 20–100%. Whereas the proportion of none or low impervious land dramatically decreases, the classes representing
high degrees of imperviousness in particular – 60–100% – increase from 1940 onwards.
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favour of an increasing direct runoff. This leads to the need for an
underground drainage system network as well as wastewater
treatment. In the case of a continuous increase in direct runoff, a
flooding of low-lying areas (e.g. roads, adjacent residential areas,

allotments and green spaces) after heavy rainfalls, which already
occurs from time to time now, must be assumed to happen more
frequently when considering the model results that are presented
(Table 4).

Fig. 4. Mean annual direct runoff rates for the 4 time slots 1870, 1940, 1985 and 2003.

Fig. 5. Mean annual evapotranspiration for the 4 time slots 1870, 1940, 1985 and 2003.
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3.3. Parameter sensitivity

In order to test the parameter sensitivity of ABIMO and in doing so
determine any uncertainties of the modelling approach presented here a
number of simulations have been carried out using a range of different
input values for the most sensitive5 model parameters such as the real
evapotranspiration (ETa) in relation to the percentage impervious cover
and soil field capacity (FC), and base-flow (Au) in relation to percentage
impervious cover and FC. For most of these parameters it is difficult to
determine “the one” valid value of a land parcel since they are all derived
fromsoil, landuse orhydrologicalmaps (GIS andpartially analogue)using
rule-based assignment procedures. Here mis-assignments or misinter-
pretation of the basic (analogue or field) data could occur in theway that
imperviousness and the drainage system are over- or underestimated for
specific land use types or that soil texture is hard to determine for
heterogeneous urban substrates.

In this context, Fig. 7 shows that evapotranspiration (ETa) increases
with a decreasing degree of soil imperviousness. For the model
parameter derivation this means that ABIMO overestimates ETa in the
case where the assigned imperviousness values are too high which is
often the case in urban areas when the percentage of open land or
green space of commercial or residential areas is neglected in the
input data. Thus, base flow and/or surface runoff are overestimated.
Other model parameters (precipitation, grain size, the drainage
system and groundwater level) are left constant.

Furthermore it shows that, assuming precipitation, grain size, the
drainage system and groundwater level are constant, the base flow
(Au) depends on the correct estimation of the degree of impervious-
ness as the graph shows. Particularly for the land use types of
omnipresent villas, detached houses and residential parks that vary
according to their degree of imperviousness from 50–70%, it is crucial
to define them correctly instead of subsume them all under the class

of detached houses. If this were the case, one would underestimate Au
up to 30 mm. For impervious rates b30% no considerable changes for
Au have been calculated.

The calculation of ETa depends on the correct derivation of the soil
field capacitywhichwas derived from the soil texture given in the GIS-
maps. As Fig. 7c shows, ETa is underestimated when the loam/clay
content of the soil is overestimated, which could occur since GIS-
based soil maps generally assume higher clay contents for urban soils
as a consequence of densification. The dependency curve of Au on the
soil field capacity is contrary to ETa: sandy soils with a high porosity
contribute comparativelymore to the generation of Au than clayey and
silty soils. The poorer the share of medium and coarse pores, the lower
is Au. ABIMO underestimates the base flow by up to 50% in the case
where the sand content of the soils, particularly the upper soils, is
neglected or inaccurately stated (cf. again Fig. 7).

4. Discussion and conclusions

The long-term observation of urban growth and sprawling land
consumption has proven that it is the cumulative impact of land use
change and surface sealing, rather than short-term consequences that
is likely to impair the urban water balance. It highlights the problems
that can arise in the long run due to this cumulative impact of land use

Fig. 6. Mean annual base flow Au (representing the groundwater recharge rates) for the 4 time slots 1870, 1940, 1985 and 2003.

Table 4
Changes in the long-termwater balance (proportions of ETa,QD and Au) in Leipzig taking the
earliest time step from 1870 as 100%.

Year Evapotranspiration (ETa) Direct runoff
(QD) %

Groundwater recharge (Au)

1870 100 100 100
1940 90 174 103
1985 81 196 105
2007 75 282 96
Δ 1870–2003 −25 182 –4

5 The assumption about the model parameter sensitivity originate from the
literature and from other studies that the author carried out using ABIMO.
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change over time on the city or regional scale and thus gives an
example of how severely urban growth on a city's fringes can affect
environmental processes such as the water balance in quantitative
terms (Gainsborough, 2002).

Urban sprawl potentially leads to an increased flood risk produced
by increasing direct runoff and a resulting higher release ofwater out of
the urban system. This could restrict a city's chances for future
development in that technical precautions necessary to mitigate these
problems may become extremely expensive. However, it is fairly clear
that the long-term effects of urban land uptake on the environment in
general, and water balance in particular, not only depend on the
amount but also the distribution of the land to be developed, or the
spatial pattern of land conversion, aswell as the previous quality of this
land (Newman, 2000; Burchell andMukherji, 2003; Nuissl et al., 2008).

From an environmental point of view, the compact city generally
seems to be the most desirable form because it allows a preservation
of the largest possible patches of ‘natural’ landscape. On the other
hand, intensification and an increase of impervious surfaces in
existing urban areas tends to be accompanied by a considerable
decline in environmental quality. This was recently shownwith regard
to urban microclimates by Pauleit et al. (2005) and has been
illustrated for water balance in this paper. To illustrate this with the

results obtained from this paper: a fall in the sensitive ETa flow
increases the vulnerability of the cities' residents to increasing
summer temperatures that are assumed to occur due to climate
change as the evaporative process supports cool urban areas (Gill et
al., 2007).

Further research concerning the effect of a decrease in soil water
on the temperature of urban sealed and constructed land surfaces and
air temperature is required in order to provide scientific support for
spatial planning and intelligent land development options in times of
climate change.
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Airborne particle number concentration and acous-
tic noise in inner city areas 
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Abstract 
Acoustic noise and ultrafine particle (UFP) emissions are high on the list of envi-
ronmental health stressors in urban areas as they are considered to belong to the 
main environmental sources for cardiovascular diseases among urban residents. 
Often both stressors occur simultaneously because the sources have the same ori-
gin, i.e. urban traffic. Particularly little is known about the spatio-temporal distri-
bution of UFP concentrations in residential areas as well as the relation between 
noise and particle exposure.  

To fill these gap, this paper focuses, in the form of a pilot study, on compiling and 
evaluating data obtained from in-situ measurements in inner urban areas. As for 
larger particles, also for UFP concentration and noise level a positive relationship 
has been found, particularly for traffic-prone streets before and after the weekend. 
The study further shows the potential of in-situ experiments in form of high reso-
lution information directly gathered in the housing area. It underscores that urban 
traffic results in double exposure to both, UFP and acoustic noise.  

 

Keywords: UFP, acoustic noise, urban area, traffic, human exposure 

 

Summary: In this paper we prove a positive statistical relationship for UFP count 
and noise level in inner-city residential areas based on in-situ experiments. 
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1.  Introduction 
Acoustic noise is one of the most pressing environmental problems for the major-
ity of inhabitants in cities. Traffic is one of the most significant sources of urban 
noise. In addition, traffic-induced particulate matter contributes to the growing 
health problems of cities. Recently, especially particles with aerodynamic diame-
ters <100nm, so-called UFP (UFP; also called UFP) and sub-micrometer particles 
(<1µm) have been regarded as highly significant negative influences for urban 
health. Both factors together represent a combined risk for human health (among 
others; Best et al., 2000; Karolinska Institute, 2005). Furthermore, these risk fac-
tors may result in similar health impacts, especially with regard to cardiovascular 
disorders. 

In Germany, for example, about 13 million urban inhabitants are persistently af-
fected by (increasing) traffic noise. Recent studies (Babisch, 2004; Babisch, 2006; 
Best et al., 2000) provide substantiated evidence of a relationship between in-
creasing cardiac infarction rates in residential areas and a high percentage of street 
traffic noise; this is in contrast to residential areas with a lower percentage of 
street traffic (Englert, 2004; Franck et al., 2003; Schlink et al., 2006). Gehring et 
al. (2002) report on traffic-related respiratory health impacts for young children. 
Epidemiological studies (Franck et al., 2007; Pakkanen et al., 2006; Peters et al., 
2001; Wichmann, 2000) assume a health risk for cardiovascular diseases as a re-
sult of UFP emissions.  

The risk of a cardiac infarction arises at noise levels as low as 65 dB (A), which 
are assumed to be “normal” along frequently used streets (Peters et al., 2001). At 
an acoustic noise exposure of ≥90 dB (A) the sympathetic nervous system is 
stimulated and, consequently, more adrenalin and noradrenalin are discharged 
from the adrenal marrow. Unfavourable physiological and metabolic changes 
thereby are induced, such as a rise in blood pressure, elevated blood lipids, an 
elevation of the blood volume per concentration time and other general stress ef-
fects (Stansfeld and Matheson, 2003). At a noise level of 50-60 dB (A) noise ef-
fects impact human health such as a decrease in speech intelligibility, accompa-
nied by a higher level of concentration, which – again – causes increased stress 
effects. In addition to the previously-mentioned effects, the psychic strain, the 
noradrenalin level and the blood pressure might rise, too (Stansfeld and Matheson, 
2003). 

Studies with sleeping test subjects prove that a noise level increase of merely 9 to 
18 dB (A) caused by open windows in the bedroom leads to a rise in both cortisol 
levels (30%), and in noradrenalin, especially during sleeping (Ising and Braun, 
2000). Thus, particularly, such latent night-time traffic noise is assumed to be the 
reason for the chronic increase in stress hormones in urban areas. Additionally, 
outdoor particles may penetrate into the indoor environment even through closed 
windows (Franck et al., 2006), where exhaust particles can be identified (Franck 
et al., 2004). 

Since the specific characteristics of UFP in interaction with organisms induce dis-
turbances and pathogenesis, they are proposed to lead to diseases occurring in 
consequence of UFP yielding oxidative stress in human cells. As a consequence, 
phlogistic reactions occur and thus several respiratory diseases can be boosted or 
initiated, e.g. pneumonia, bronchitis, asthma, fibrosis and emphysema (Kreyling 
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et al., 2005). The spatial and temporal variation of UFP concentrations in urban 
areas depends on the urban form and resulting distribution processes. Specific 
particle sources result in significant differences for different particle sizes. The 
majority of particles emitted from motor vehicle combustion occur in the UFP 
size range; thus leading to the inner urban spatial variability (Tuch et al., 2006). 

Comparatively little is known about the spatio-temporal heterogeneity of com-
bined noise levels and UFP emissions in residential areas where most people live. 
Such knowledge would be of particular interest for urban planners who are re-
sponsible for developing urban neighbourhoods and traffic-control (Holstein et al. 
2002). Therefore, this study focuses on the spatio-temporal distribution of traffic-
induced UFP concentration in large cities and, furthermore, attempts to bring it 
into a context with acoustic noise levels (Diem and Comrie, 2002).  

We aim to clarify: 

• The differences in acoustic noise levels and UFP concentrations among resi-
dential areas with rarely-used, as compared to frequently-used, streets. Serv-
ing as essential background for our experiment is the German Environ-
mental Federal Agency (UBA, 2000), which declares “lots of vehicles mean 
a lot of noise” and “few vehicles mean low noise levels”.  

• The intensity of diurnal patterns at all sites. Based on a residue analysis, 
peaks for traffic noise in the diurnal patterns are expected to be identified. 

• Coherence between traffic-induced acoustic noise levels and the concentra-
tion of UFP in residential areas of cities. Such a co-action would connote a 
combined health risk (represented by the total impact TI).  

In addition to these objectives we test potential and limitations of an in-situ ex-
perimental design to measure UFP and noise in residential areas (cf. section 3). 

 

2.  Methods 

2.1.  Test area of Leipzig and sample of test sites 

As a consequence of the German reunification in 1990, a structural change in ur-
ban land use and built-up structures in most East German cities occurred. Com-
pared to the reduction of industrial emissions due to the close-down of power 
plants and sites of the chemical industry after 1990, in the 500,000-inhabitant city 
of Leipzig the number of private and commercial cars more than doubled in the 
years from 1990 to 1996 (Haase, 1997) and more than tripled in 2006 (Municipal 
yearbook of statistics, 2007). 

The highest degree of density and multiple land use can be allocated to the inner-
city area: thus, we can find here the highest concentrations of traffic flow, which 
are expected to continue to increase (Amt für Verkehrsplanung, 1995). According 
to local data (LfUG, 2004 and permanently available online data), and in-situ ex-
periments involving air-borne heavy metal concentrations (Haase, 1997), the 
highest emission loads can be allocated to the inner city, while pollution concen-
trations decrease with increasing distance from the city centre. In these areas vehi-
cle traffic often emits the majority of particulate matter through dispersion of dust, 
rubber-tire abrasion and engine-borne emissions. In the city of Leipzig agriculture 
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and domestic fossil-fuel heating are insignificant emission sources (LfUG, 2004). 
In addition, ~40% of the particle mass concentration within the city results from 
long-distance transport (Regierungspräsidium Leipzig, 2005). With respect to 
micro and UFP, urban traffic can be assumed to be the main source. 

For the field experiments, conducted in September-October 2007 in the form of 
consecutive measurement campaigns, 4 sites had been chosen representing the 
major types of inner-city residential structures with different traffic frequency 
during the day-time. About 40% of the entire land use of Leipzig belongs to the 
“residential area” type, with >60% of this being pure residential area use (Haase, 
2005; Haase and Nuissl, 2007). The form of the inner-city Wilhelminian housing 
estates shows a high density including apartment blocks with up to five stories, 
high-rises and detached houses. Within the inner-urban Wilhelminian apartment-
block structure we sampled two very (Herderstraße – “high traffic 1”, Waldstraße 
– “high traffic 2”) and two rarely frequented streets (Sigismundstraße – “low traf-
fic 1”, Reichpietschstraße – “low traffic 2”; cf. photographs in Figure 1). The 
weather conditions during the measurement period can be characterised with day 
temperatures between 12-16ºC and a high-pressure area with very little rainfall. 

 

Figure 1 about here 
 

2.2.  Data acquisition through field experiments 

The field experiments had been carried out by installing the above described 
equipment in 4 representative9 third-story flats, 10 meters above street-level (both 
sound-level-meter and particle counter were installed in the flat with the detectors 
placed in the “quasi” closed window; cf. Figure 1 again) at the respective 4 test 
sites for one week including the weekend (cf. section 2.3).  

The noise levels were detected using the mini-sound-level-meter Boogie by SI-
NUS Measurement Ltd operating with an embedded A-weighting in accordance 
with the German Noise Framework for cities. Its results achieve accuracy classes 
of IEC60651 and IEC60804 (Sinus, 2003). A windscreen on the microphone was 
used to reduce wind noise. For detection of the particle count we used the Con-
densation-Particle-Counter 3007 (CPC 3007) by TSI (2006). Both instruments 
work simultaneously with a time resolution of 1s; the data is recorded in two sepa-
rate files for further processing. The resulting data sets were split into two time 
series from 06:00am to 10:00pm and from 10:00pm to 06:00am (according to 
Federal Emission Legislation § 2 Abs1 16th BImSchV; Strick, 2006).    

 

2.3.  Data processing 

In order to process the measured data and to determine the empirical distribution 
of the arithmetic mean, the median and percentile values have been derived. For 
                                                 

9 Representative here means that the four flats are located in buildings that make up >90% of the 
Wilhelminian-time building substance of the city. Most houses possess 4-5 stories including the 
ground floor – thus the third store is existing in all these buildings. 
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each day the average noise level, the mean value of the UFP concentration, the 
respective standard deviation, the median and 25- and 75-percentile values were 
calculated. Being one of the objectives of this study to define a correlation be-
tween acoustic noise levels and UFP concentrations, a Pearson linear regression 
was conducted (Schlittgen, 2001).  

 

3. Results 
Whisker box plots illustrate day-time and night-time percentiles for all test sites of 
the pilot study. The highest values had been measured at day- and at night-time in 
frequently used streets (sample sites “high traffic 1” and ”high traffic 2”). Signifi-
cant differences between the two rarely frequented roads (“low traffic 1” and ”low 
traffic 2”) could not be found. The median values clearly differ between fre-
quently and rarely used streets (Figure 2). 

 

Figure 2 about here 
 

By comparing the noise levels of all test sites in Leipzig with the national target 
value for day-time noise levels of 59 dB (A) the test site at the Herderstraße 
(“high traffic 1” appeared to be the most exposed one, since almost 90% of all 
measured noise levels exceeded the target (cf. again Figure 2). Also the national 
target value for night-time noise levels of 49 dB (A) was exceeded in the majority 
of the entire time series in the street “high traffic 1”. The same has been found for 
the other frequently used street (“high traffic 2” were >50% of all noise levels 
exceeded the 49 dB (A). 

Figure 3 shows the measured particle count of all test sites. The highest standard 
deviation values of all test sites have been found at the site “high traffic 2” with 
respective very high particle counts at day-time. Both rarely frequented streets 
(“low traffic 1” and “low traffic 2”) and the “high traffic 1”- site exhibit a lower 
particle count. Excluding these values the results are comparable with the other 
test sites. The lowest data variability during day- and night-time was found at the 
site Reichpietschstraße (“low traffic 2”) which is characterised by low traffic den-
sity. 

 

Figure 3 about here 
 

In Figure 4, the average noise levels and UFP concentrations of all test sites are 
given. We see similar curve progressions during the day-time and the night-time 
for both variables. In frequently used streets high noise levels and high concentra-
tions of UFP can be identified, exemplary shown for the Waldstraße. The rarely 
frequented Reichpietschstraße shows a low noise level and a low average value of 
UFP concentration at both day- and night time (Figure 4). 

 

Figure 4 about here 
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The rank correlation relationship between acoustic noise levels and UFP concen-
trations is provided in Table 1 and Figure 5. The highest correlations between 
both variables were found in the sites at frequently used streets “high traffic 1”and 
the “high traffic 2” (r = 0.63), respectively. Correlations are lower at sites with 
lower traffic densities (r = 0.58 for “low traffic 1”; r < 0.5 for “low traffic 2”). 
The lowest correlations have been found in the rarely frequented “low traffic 2”.  

 

Table 1 about here 
 

Figure 5 about here 
 

We assume that noise levels and the particle count, consequently also their corre-
lation, are influenced by environmental confounders such as wind and the urban 
(built-up) structure. At the site “high traffic 1” the measuring instruments were 
pointed to the west towards a main street, which takes a north-south course. The 
main wind directions are south and southwest, so a high particle count was meas-
ured at the test site “high traffic 1” during the main wind directions. Figure 6 
shows the average particle count set against the wind direction. A significant dif-
ference (u-test; p = 0.035) was found between luv and lee wind directions. 

 

Figure 6 about here 

 

4.  Discussion of the results 

4.1.  Noise exposure 

There are predominantly diurnal temporal variations representing the main traffic 
times during the day, in which the frequently used streets are clearly distinct from 
the rarely used ones. The highest noise levels in the frequently used streets were 
measured in the time interval from 8:00am to 8:00pm when traffic density is also 
highest. In contrast, the calm streets exhibit the highest acoustic noise between 
06:00am and 12:00am during the highest traffic density in the morning. Conse-
quently, the most intense acoustic noise was detected in the morning, in the low-
traffic streets earlier than in frequently used ones. Looking at the temporal varia-
tion, all test sites reflect heterogeneity in the course of the week, more explicitly 
in the frequently used streets, which generally show lower noise levels during the 
weekends.  

One reason for differing noise levels in frequently and rarely used streets is 
clearly the traffic volume with <6,000 vehicles per day for the streets “low traffic 
1”- and “low traffic 2” and 15,700 for the street “high traffic 1” and 25,950 for the 
street “high traffic 2”, respectively (Amt für Verkehrsplanung 2003; Babisch, 
2004; UBA, 2000). An additional influencing factor is the continuity of the traffic 
flow: At the test sites “low traffic 1” and “low traffic 2” there exists a speed limit 
of 30 km/h and in the streets “high traffic 2” and “high traffic 2” of 50 km/h. Next 
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to traffic flow, traffic volume and urban structure confounders such as wind direc-
tion, wind velocity, air pressure and temperature are assumed to influence noise 
levels and particle count (as reported in Stroh and Gerke, 2003). A significant 
relationship, however, could not be found. 

 

4.2.    Particle count  

The highest particle counts during day- and night-time were measured at the sites 
“high traffic 2” and “low traffic 1”. The frequently used “high traffic 1”exhibits 
rather low concentrations. At night-time we do not see considerable differences 
between the sites. There is no simple relation between the traffic flows and traffic 
volume and particle count; e. g., the rarely-frequented street “low traffic 2” is lo-
cated near a park area where particle count can spread into the environment. At 
the site “low traffic 1” a small park with high trees and a church building opposite 
the test site together hinder fast particle dispersal. Analogous particle dilution be-
haviour has been found by Bauer et al. (1999). The highest concentrations were 
detected on workdays at the “high traffic 1” (Wichmann et al., 2000).   

The diurnal variations at the test sites showed similar behaviour for each of the 
measurement days. This study shows the highest particle counts in morning times 
from 06:00am to 08:00pm with a peak between 07:00am and 12:00am. Wehner et 
al. (2006) reported similar findings with diurnal variations in traffic density for 
the city of Leipzig. The variability in UFP measurements among may be also in-
fluenced by impacts from the urban buildings and use of vehicles in the area.  Ur-
ban street canyons lead to more UFP deposition and/or particle agglomera-
tion/coagulation especially at elevated locations such as a third-story flat.  Also, if 
a lot of cars are starting under cold conditions, may lead to elevated UFP concen-
trations even at low traffic volumes. 

 

4.3.  Relationship between acoustic noise and UFP concentration 

High noise levels do not necessarily occur simultaneously with the same high par-
ticle counts since, besides traffic, also leisure noise in the form of music playing 
contributes to the overall outside acoustic noise for urban dwellers. The same is 
true for non-traffic-borne particle matter such as for example emissions due to 
burning, smoking etc. in residential neighbourhoods. Observed differences in the 
strength of correlations between acoustic noise and fine particular concentrations 
are assumed to be caused by local effects in the sites such as available open space 
or plant cover (Freyer et al., 1996; Kremer et al. 2007). Hence, correlations be-
tween noise level and particle count are evidently influenced by confounders such 
as urban structure, weather conditions (Brüske-Hohlfeld, 2005; Freyer et al., 
1996), and absolute traffic volume. Higher rank correlation values are shown in 
frequently used streets. Moreover, it is assumed that proximity to a park at the site 
Reichpietschstraße led to lower correlations. 

Nevertheless, a correlation was found between acoustic noise level and UFP con-
centration (r ≤ 0.63). These values seem to be rather high, taking into account that 
within this pilot study only a limited number of selected test sites were investi-
gated, that the ratios of emissions of noise and particles from cars strongly depend 
on such as weather conditions, type of car, driving conditions, building develop-
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ment etc, and that long-distance and regional transport of particles result in a 
background value which will lower the correlation coefficients. 

The influence of meteorological exchange conditions especially on the UFP con-
centration as reported by Holst et al. (2008) for PM10 could not be determined 
since the measurement period was to short.  

 

5.  Conclusions 
This study shows that in the residential areas of a city the highest noise exposure 
can be found along frequently used streets, a lower exposure in rarely used streets. 
For example, the values detected at the sites “high traffic 1”and “high traffic 2” 
are assumed to increase the risk of ischemic heart diseases through acoustic noise 
levels of 65-70 dB (A) (Peters et al., 2001; Leksmono et al., 2006). In addition to 
this, high day- and night-time particle counts lead to an increase in heart infarction 
risk for individuals with ischemic heart diseases (Babisch, 2004). This pilot study 
demonstrates the associations between these two types of human exposure. Based 
on the results of this study, we propose urban planning to firstly, monitor and, 
secondly, find ways to reduce car traffic densities in residential areas. Thirdly, it 
will be very reasonable to prevent “low-traffic” streets from additional cars when 
generally reducing the car density in residential areas since they represent low-
exposure living sites in dense residential areas with a comparatively low health 
risk to both UFP and noise exposure. 
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Table 1 Pearson correlation of the noise level (dB [A]) and average values of the 
UFP concentration (n/cm³) for a September-week 
 

Test site Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun 

 Pearson correlation 

Herderstraße    .224 -
.153 

.635* .321 .188 .637*    

Waldstraße      .630* .38 .549* .538* .576* .508* .255 

Sigismundstraße     .098 .608* .052 -.107 .467 .358   

Reichpietschstraße      .294 .248 -.188 .229 .216 .614*  

 
* p = 0.0 at a significance level of < 0.05 
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Site A Site B 

  
Herderstraße, Wilhelminian housing 
stock, 4-5 levels, traffic: high* – 15,700 
cars per day** 

Waldstraße, Wilhelminian housing 
stock, 5 levels, traffic: high – 25,950 
cars per day 

Site D Site C 

Reichpietschstraße, Wilhelminian hous-
ing stock, 4 levels, traffic: low – <6,000 
cars per day 

Sigismundstraße, Wilhelminian housing 
stock, 4 levels, traffic: low – <6,000 cars 
per day 

* These terms are relative values among the sites and for the city of Leipzig. They should be take 
as such and compared to large Megacities for example. 

** There were neither data about the composition of vehicles noise nor on fleet composition and 
diurnal variation for the routes available. 
 
Figure 1 Location of the field experiment sites: two high and two low affected 
inner-urban streets according to daily traffic had been chosen. The land use is 
dominantly residential. 
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Figure 2 Box plots showing the day-time noise level (light grey) and the night-
time noise level (dark grey) for all test sites compared to the German emission 
guide values for acoustic noise (day-time = black line, night-time = light grey 
line). 
A box plot is a way of graphically depicting groups of numerical data (the small-
est observation, lower quartile (Q1), median (Q2), upper quartile (Q3), and largest 
observation). The median (line within the box) separates the higher half of a sam-
ple from the lower half. The spacings between the different parts of the box help 
indicate the degree of dispersion (spread) and skewness in the data, and identify 
outliers. 
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Figure 3 Box plots (explanation cf. Figure 2) of the UFP concentrations at day-
time (light grey) and at night-time (dark grey) plotted for all test sites. 
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Figure 4 A-weighted noise level (NL) and average UFP number concentration (C) 
at day-time (light grey) and night-time (dark grey) plotted for all test sites. 
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Figure 5 Pearson correlation of the average aggregated noise level (dB [A]) and 
the particle number concentration (n/cm3*s) at the site “Herderstraße”. 
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Figure 6 Comparison of the wind directions and the average values of the particle 
count at the test site of Herderstraße.  
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Effektive Ansätze zur Beschreibung des Hochwasserrisikos urbaner Räume 
 

Thilo Weichel, Karsten Schulz, Dagmar Haase 
 
Zusammenfassung  
Urbane Räume benötigen aufgrund ihrer Werteakkumulation und Schadenspotentiale eine 
besondere Effektivität und Nachhaltigkeit hinsichtlich des Hochwasserschutzes. Die Autoren 
beschäftigen dazu mit Fragen der Bewertung der Effektivität hydrodynamisch ausgewiesener 
Hochwasserrisikoflächen, welche eine wesentliche Basis raumplanerischer Entscheidungen 
darstellen. Die Ergebnisse sollen als Entscheidungsgrundlage für effektive kommunale 
Hochwassermanagementstrategien mit dem Ziel der Minderung von Schadenspotentialen 
exponierter urbaner Strukturen dienen. Methodisch werden dazu die Berücksichtigung und 
Qualität ausgewählter hydrodynamischer Prozessgrößen sowie deren raum-zeitliche 
Veränderlichkeit bzw. Unsicherheiten untersucht. 
 
1. Einleitung 
Die Entwicklung der Ausweisung von Hochwasserrisikoflächen ist eng an den Bedarf dieser 
raumplanerischen Basisinformation, als auch an die technische Entwicklung von Verfahren 
und Modellen gekoppelt. Informationen zu potentiell vom Hochwasser betroffenen Flächen 
werden dementsprechend vor allem in dynamischen und durch Nutzungskonkurrenzen 
geprägten urbanen Räumen benötigt (MIGNOT et al. 2006). Die technischen Entwicklungen 
der Computer- und Fernerkundungstechnologien (BATES et al. 2003, MASON et al. 2003) 
ermöglichen es zudem, mittels hoch aufgelöster Geländemodelle und mehrdimensionaler 
hydrodynamischer Modelle zur Hochwassersimulation, detaillierte Aussagen zu diesen 
erforderlichen Planungsgrundlagen  zur Verfügung zu stellen. Inwieweit diese Technologien 
vor dem Hintergrund der Komplexität der Wassertransportwege urbaner Räume als auch 
hinsichtlich deren räumlicher und zeitlicher Auflösung hinreichend genaue Aussagen liefern, 
untersuchen die Autoren am Beispiel der Stadt Dresden im Rahmen des BMBF-Projektes 
3ZM-GRIMEX.  
 
2. Projekt 3ZM-GRIMEX 
Das BMBF-Projekt „3ZM-GRIMEX - Entwicklung eines 3-Zonen Modells für das 
Grundwasser- und Infrastrukturmanagement nach extremen Hochwasserereignissen“ bildet 
den derzeitigen Rahmen der Arbeiten. Dazu werden beispielhaft für die Stadt Dresden die 
komplex ineinander greifenden Wechselwirkungen des Wassertransportes innerhalb urbaner 
Räume im Hochwasserfall untersucht. Motivation hierzu waren die extremen Folgen des 
Augusthochwassers 2002, bei dem neben den direkten Überschwemmungen vor allem 
Überflutungen des Hinterlandes durch die Kanalisationsnetze sowie lang anhaltende 
Grundwasserhochstände erhebliche Schäden verursachten. Der Schwerpunkt im 
Gesamtprojekt liegt in der Entwicklung eines Werkzeuges zur gekoppelten modellgestützten 
Abbildung des Oberflächen-, Kanal- und Grundwasserabflusses. Das hier vorgestellte 
Teilprojekt beschäftigt sich dazu mit der hydrodynamischen Modellierung des 
Oberflächenabflussverhaltens. 
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3. Effektive Ansätze zur Ausweisung von Hochwasserrisikoflächen 
Die Ausweisung von Hochwasserrisikoflächen, d.h. Überschwemmungsflächen und 
überschwemmungsgefährdeten Flächen lt. §31b, §31c Wasserhaushaltsgesetz (WHG 2005), 
stellen für den Gesetzgeber ein bedeutendes Werkzeug der Raumplanung dar. Dabei 
erhöhen sich in dicht besiedelten Räumen, u. a. aufgrund der geometrischen Komplexität zu 
berücksichtigender Strukturen, die Anforderungen an die hydrodynamische Modellierung 
(MIGNOT et al. 2006). Insbesondere für diese schadenssensiblen Räume ist es von 
immenser Bedeutung vom Hochwasser betroffene Flächen effektiv und nachhaltig, 
entsprechend dem Stand der Technik und vor dem Hintergrund der anzustrebenden 
Zielgrößen zu bestimmen. Anhand nachfolgender Arbeitsansätze soll deren Effektivität, als 
Maß für die Zielerreichung möglichst genauer Informationen zur Ableitung von 
Hochwasserrisikoflächen, beschriebenen werden.  
 
3.1. Daten und Skalen 
Der Stand der Technik (BATES et al. 2003, MASON et al. 2003) ermöglicht es, räumlich und 
zeitlich sehr hoch aufgelöste Daten als Grundlage der Modellierung von 
Überschwemmungsflächen zur Verfügung zu stellen. Diesbezüglich stellt sich u. a. die 
Frage, welche räumliche Auflösung vor welchem angestrebten Zielmaßstab notwendig ist. 
Dieser liegt z.B. in Sachsen für die Gefahrenhinweiskarten Hochwasser bei 1:100.000 
(LFUG 2005). Um den Einfluss und die Effektivität der Maßstabsabhängigkeit der 
Modelleingangsparameter auf die Qualität der Vorhersagen möglichst gut beschreiben zu 
können, werden diese mittels komplexer Sensitivitätsstudien untersucht und an 
ereignisbezogenen Daten kalibriert.  
 
3.2. Berücksichtigung weiterer Wassertransportpfade  
Die Integration der Wassertransportpfade Grundwasser und Kanalisation (SCHMITT et al. 
2004) in Hochwassergefahrenkarten stellt insbesondere für urbane Räume eine  
 

 
Abb. 1: Verlauf der Hochwasserstände 07/2002 – 01/2004 (DGFZ 2004) 
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unabdingbare Notwendigkeit dar. Allein für den Talauenbereich der Elbe im Stadtgebiet 
Dresden kam es infolge des Augusthochwasser 2002 zu Grundwasserhochständen, die bis 
ca. eineinhalb Jahre nach dem Ereignis anhielten (Abbildung 1). Des Weiteren wurden 
zahlreiche Flächen in nicht direkt an die Vorflut angeschlossenen Bereichen über 
Wasseraustritte aus dem Kanalisationsnetz dokumentiert. Um diese Interaktionen mit den 
direkten Überschwemmungsflächen zu berücksichtigen, werden innerhalb des Projektes 
3ZM-GRIMEX die Kopplungen von Modellen zur Abbildung des Oberflächen-, Kanal- und 
Grundwasser realisiert. Im Ergebnis sollen die bisher allein vom Vorfluter ausgehenden 
Hochwasserrisikoflächen durch die der genannten Wassertransportpfade ergänzt werden. 
 
3.3. Integration von Flächennutzungsänderungen 
Urbane Räume unterliegen aufgrund zahlreicher Interessen und Ansprüche in besonderer 
Weise einem dynamischen Flächennutzungs- und Flächenwertewandel. Die Entwicklungen 
der Vergangenheit gingen dabei oftmals zu Lasten der potentiellen 
Überschwemmungsgebiete (HAASE 2003). Die Ausweisungen von Hochwasserrisikoflächen 
(WHG 2005) berücksichtigt diese Trends sich verändernder Wertakkumulationen jedoch 
nicht. Um langfristig angelegte Hochwasserschutzmaßnahmen effizient umzusetzen, könnte 
die Integration potentieller städtebaulicher Entwicklungstrends, eine sinnvolle Erweiterung 
des Konzeptes der Hochwasserrisikoflächenausweisung darstellen. Über die Zielgröße 
Flächennutzung sollen der dynamische Landnutzungs- und Schadenpotentialwandel urbaner 
Räume in die Modellergebnisse bzw. die Erstellung von Hochwasserrisikokarten integriert 
werden. Dadurch erhöht sich deren nachhaltige Belastbarkeit. Als Prozessvariablen werden 
neben dem flächennutzungsabhängigen Rauhigkeitsverhalten (WERNER et al. 2005), 
Änderungen der Topographie betrachtet und auf ihre Wirksamkeit (ARONICA et al. 1998) in 
der hydrodynamischen Modellierung hin analysiert. Dazu wird u. a. die Erfassung 
hydrodynamisch wirksamer Veränderungen mittels flugzeuggetragener 
Laserscannersysteme (LIDAR) untersucht. Über die bidirektionale Kopplung an ein räumlich 
explizites Stadtmodell (Abbildung 2) werden die Arbeiten diesbezüglich weitergeführt. 
 

 
Abb.2: Modellkopplung  
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4. Hydrodynamisches Modell - TRIMR2D 
Die Autoren verwenden zur hydrodynamischen Modellierung des Oberflächenwassers das 
Programm TRIMR2D (Transient Inundation Model for Rivers-2 Dimensional). TRIMR2D ist 
ein 2-dimensionales hydrodynamisches Modell, welches ursprünglich als Modell TRIM 
(CASULLI 1990) für die Modellierung von Küstengewässern entwickelt und später durch den 
U.S. Geological Survey (WALTERS & DENLINGER 1999) für Fließgewässer 
weiterentwickelt wurde. Es basiert auf einer semi-impliziten numerischen Umsetzung der 
Kontinuitäts- und Massenerhaltungsgleichung mittels semi-Lagranian Finite Differenzen 
Methode. Neben der hohen Stabilität des Modells, auch für große Untersuchungsgebiete, 
stellte die „open source“ Nutzung einen wesentlichen Grund für die Auswahl des Programms 
hinsichtlich der projektbezogenen Modellkopplung dar. Im Zuge der Modellanwendung und 
zur Plausibilitätsprüfung der Ergebnisse werden zudem Vergleiche mit weiteren Modellen 
(TELEMAC-2D, MIKE FLOOD) angestrebt. 
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Urban Ecology of Shrinking Cities: 
An Unrecognized Opportunity?

Dagmar Haase

�
ABSTRACT
Whereas environmental and social impacts of urban sprawl are widely dis-
cussed among scholars from both the natural and social sciences, the spatial
consequences of urban decline are nearly neglected when discussing the
impacts of land transition. Within the last decade, “shrinkage” and “perfora-
tion” have arisen as new terms to explain the land use development of urban
regions faced with demographic change, particularly decreasing fertility, 
aging, and out-migration. Although shrinkage is far from being a “desired”
scenario for urban policy makers, this paper argues that a perforation of the
built-up structure in dense cities might bring up many positive implications. 

KEYWORDS
Urban shrinkage, perforation, demolition, green infrastructure, biodiversity,
urban wilderness

�

Environmental and social impacts of urban growth and their imma-
nent land take are widely reflected and discussed among scientists
from different disciplines. In contrast, the opposed development of ur-
ban decline and, in particular, its spatial effects still lack comprehen-
sive analysis and evaluation. Since the term “decline” has a negative
connotation for urban policy makers as well as for urban residents,
growth still dominates the political agenda for the majority of Euro-
pean cities (Müller and Siedentop 2004). 

Recently, “shrinkage” and “perforation” arose as new terminology
to depict the spatial and land use of urban regions faced with depop-
ulation, aging, and out-migration. As Rieniets (2006: 30), for example,
argues, phases of shrinkage are as much a part of urban development
as are phases of growth. Because of wars, natural catastrophes, epidem-
ics, or even the abandonment of large mines, urban shrinkage is already
in evidence between the 1920s and 1940s. English cities also experi-
enced considerable decrease in population due to deindustrialization
in the postwar period. The same holds true for industrial agglomerations
in the northeastern United States (Rieniets 2006). Although shrinkage,
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after decades of predominant growth, is by no means a “desired” sce-
nario for urban planners and policy makers, this paper argues, from an
environmental scientist’s perspective, that a perforation of the land use
structure in densely built-up cities can have some substantially posi-
tive implications. The first of these is the quality of housing and urban
green infrastructure supply that serves as a typical and well-established
indicator of the quality of life in cities (Santos and Martins 2007). Sec-
ond, biodiversity benefits from the perforating land use patterns that
emerged out of deurbanization, as included in the basic ecosystem
services compiled by Costanza et al. (1997). This paper considers the
positive impacts that could originate from land use shifts and patterns
related to shrinkage and how they affect urban green infrastructure,
recreational services, and biodiversity.

As a notably massive form of spatial and functional urban decline,
urban shrinkage—the opposite of urban sprawl, which underscores
urban dynamics in most of the literature on urban land use change (e.g.,
Antrop 2004; Kasanko et al. 2006)—increasingly affects urban land
use patterns and, consequently, habitats and species distribution. Due
to recent demographic changes and economic weakness, every sixth
city in the world can be defined as a shrinking city (Rieniets 2006). In
such cities, large parts of the inner city are affected by an absolute and
relative population loss as well as an industrial blight, both of which
produce residential and commercial vacancies, urban brownfields, and
abandoned sites. 

In eastern Germany, where this phenomenon serves as the empir-
ical background for this paper, shrinkage increasingly affects formerly
growing industrial urban regions (Chilla 2007). Currently, there are
more than one million vacant flats, excluding 350,000 housing units
demolished since the German reunification and transition to a demo-
cratic society in 1990. Additionally, the abandonment of commercial
land annually comprises ±10 hectares (Jessen 2006). Out-migration
and deindustrialization are the main reasons for both types of vacan-
cies. As a result of particularly the large-scale demolition of housing
stock, urban land use patterns and the images of residential areas and
perceptions of their inhabitants are changing considerably. Moreover,
vacancy and demolition modify the biophysical (“natural”) environ-
ment of a town (see Figure 1).

The experiences from eastern German cities tell us that shrinkage
leads to considerable vivid spatial and visual effects: a “perforation”
of growing and shrinking urban clusters, patchy patterns of wealth (is-
lands of upgrading), and poverty at the local level (Haase et al. 2007,
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2008). Furthermore, we find a small-scale fragmentation of the urban
population (in the form of a fragmented “housing geography”) or splin-
tering of the urban population (Buzar et al. 2007), a high number of
residential vacancies in many housing estates, commercial vacancies
in inner-city shopping malls, and large-scale brownfields in both the
inner city and suburbia. The latter have consequences for the degree
of soil imperviousness and building and population densities (Sander
2006; cf. Figure 2).

In terms of biodiversity, Mehnert et al. (2005) found a positive cor-
relation between the total amount of urban green infrastructure (parks,
allotments, cemeteries, forest, etc.) and the suitability of habitat for
breeding birds (e.g., for the green woodpecker, Picus viridus). Strauss
and Biedermann (2006) reported on positive reactions of different spe-
cies to high proportions of inner-city grassy brownfields and negative
reactions to the absence of these. Such open or wasteland patches
(Figure 3) are niches in which rare species thrive (e.g., Shochart et al.
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Figure 1 � A typical feature of urban “shrinkage” in eastern Germany:
demolition of prefabricated housing estates to decrease housing sur-
plus and thus “regulate” local markets. (Photo: UFZ) 
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Figure 2 � Large-scale demolition of densely built-up housing struc-
tures in inner parts of the Wilhelminian city: new open spaces for ex-
perimental design of recreational green infrastructure? (Photo: D. Haase) 

Figure 3a. � Rare places despite demolition all around—natural sec-
ondary succession only occasionally occurs … (Photo: D. Haase)
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Figure 3b. � … compared to a majority of demolished sites that are
prepared for transportation or parking purposes and thus newly con-
tribute to the rate of imperviousness of shrinking cities. (Photo: D. Haase)

2006; Bolund and Hunhammar 1999; Gilbert 1990). This should be
particularly true for demolished sites in the core and inner city or dense
residential zones, where spots of urban biodiversity benefit from shrink-
age and thus can be created at the local level.

At a more aggregated spatial level, both the perforated urban land-
scape (which is less dense and more heterogeneous in terms of land
use) and the mixture of open and impervious land possess a higher
share of rural and open land uses than densely built-up inner cities.
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Still, there exists no clear idea of what perforation in a final state might
look like. Nevertheless, concepts for this “urban type” have already
been developed, such as the remaining urban core being divided into
equitable subcenters or a polycentric structure with fewer dense or
even empty patches. Others foresee the fragmented built-up body as
the most probable urban development pathway (Lüdke-Daldrup 2001).

From an ecologist’s point of view, one can state that all these forms
of urban perforation result in a structural enrichment of urban land use
and an increase in edge density. However, generally positive or nega-
tive effects of urban perforation as well as urban shrinkage, in a broader
sense, upon urban ecosystems and biodiversity have not yet been sta-
tistically verified through empirical studies. I argue that residential 
vacancy, land abandonment, demolition, and perforation are not log-
ically followed by a “resurgence” of nature. Previous land use might
have left behind considerable pollution in the soil. Moreover, inappro-
priate subsequent or interim use of the waste/demolished site, such as
leaving the area unused and retaining its impervious surface (Figure 3b),
will produce a negative environmental impact: the patch then benefits
neither the quality of life (housing) nor the functions of the ecosystem
(water regulation, soil biology). An increase in such urban brown-
fields or abandoned sites, in the aggregate, makes inner-city neighbor-
hoods less attractive and thus supports an ongoing urban sprawl.

Urban shrinkage allows us to contemplate a “resurgence” of nature
into inner cities that are densely populated and have been built up
“for ages.” In this vein, ideas regarding “urban wilderness” for recre-
ational and educational purposes are of concern among urban plan-
ners and landscape architects who are confronting this shrinkage
(Rink 2005). The eastern German city of Leipzig, a “model city,” has
made the novel suggestion of creating urban greenery in the form of
temporary gardens at core city demolition sites (as a kind of planned
alternative) and spontaneous and ruderal nature on former brown-
fields (as a kind of unplanned alternative). De Sousa (2003) perceives
green sites developed from inner-city brownfields as “flagships” or
“experimental fields” that serve as models for future greening endeav-
ors to improve both local biodiversity and human livelihoods. Besides
total demolition of houses, shrinkage also leads to a deconstruction of
multistory housing stock in the form of a transition toward more spa-
cious housing and living conditions in densely urbanized environ-
ments: bigger apartments with nonclassical layouts and integrated
patios and terraces, as well as higher shares of urban green and “land-
scape” within the neighborhood.
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Doubtless, there is considerable potential for social, residential,
and ecological improvement in shrinking cities, which, through explor-
ing opportunities as discussed above, might attract new residents for
a longer period of time and keep local dwellers in the city, instead of
having them choose the detached-house alternative. This opens a new
pathway to counteracting urban sprawl. Such as perspective argues
that residential and commercial vacancies and the subsequent demo-
lition represent an opportunity for the enlargement of urban green
networks and, to some extent, the ecological restoration of cities.
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Birds and the City: Urban Biodiversity, Land Use, and Socioeconomics

Michael W. Strohbach 1, Dagmar Haase 1, and Nadja Kabisch 1

ABSTRACT. We examined bird diversity in relation to land use and socioeconomic indicators in Leipzig,
Germany. We used neighborhood diversity (ND) and bivariate correlation to show that the potential to
experience biodiversity in a city is associated with population density, household income, unemployment,
and urban green space. People living in urban districts with high socioeconomic status experience the
highest species richness around their homes, whereas lower social status increases the chance of living in
species-poor neighborhoods. High-status districts are located along forests, parks, and rivers that have a
high quantity and quality of green space. However, green space in general does not guarantee high bird
diversity. We conclude that bird diversity mirrors land use and socioeconomic patterns within the compact
European city of Leipzig. Therefore, urban planning should focus on decreasing these patterns and
protecting the remaining species-rich green spaces.

Key Words: biodiversity; human-environment interaction; neighborhood diversity; urban ecology 

INTRODUCTION

Urban areas cover only 2.7% of the world surface
(Center for International Earth Science Information
Network 2004) and have been inhabited by the
majority of the human population since 2008
(United Nations 2008). Likewise, they are the most
domesticated landscapes on earth (Kareiva et al.
2007). The process of urbanization, as this
domestication is usually called, generally leads to
an environment that is favorable for humans.
However, it can lead simultaneously to a host of
environmental problems, including the loss of
biodiversity (Grimm et al. 2008).

In examining the general role and extent of the
impact that urbanization has on biodiversity, no
general answer can be found. On a gradient of
intensifying urbanization, i.e., the rural-to-urban
gradient, the number of species of different
taxonomic groups has been shown to peak at
different levels. Breeding bird diversity has been
found to decrease (Clergeau et al. 1998, 2006,
Marzluff 2001) and to be lowest in urban centers
(Blair 1999, Tratalos et al. 2007a). However, urban
structures can provide a wide and heterogeneous
range of habitats, depending on the intensity of
urbanization (DeGraaf et al. 1991). They often

encapsulate remnants of natural or semi-natural
ecosystems that are lost elsewhere (Haase 2003,
Crane and Kinzig 2005, Millard 2008). The effect
on biodiversity also depends on where urbanization
occurs. Savard et al. (2000) summarize the effect of
urban land conversion on a given landscape as a
function of its original composition: Urbanization
is most likely to decrease biodiversity when the
original landscape is diverse.

Urbanization is not a purely physical process that
affects biodiversity. Many authors argue that
socioeconomic patterns such as urban structure,
population density, neighborhood image, or
household income should be taken into account
when studying urban ecosystems (Grove and Burch
1997, Dow 2000, Alberti et al. 2003). There is recent
evidence that biodiversity mirrors socioeconomic
patterns of income, age of development, and
ethnicity within North American cities. Findings for
Vancouver, Canada, demonstrate that the number
of native bird species increases in relation to an
increasing socioeconomic status that was measured
by mean family income and number of people
holding a university degree (Melles 2005). Similar
patterns were found by Hope et al. (2003) and
Kinzig et al. (2005), who identified substantial
neighborhood differences in species richness
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according to the given income status in Phoenix,
Arizona, USA. In both cities, neighborhoods with
higher social status often have higher species
diversity than neighborhoods with lower social
status.

In addition to the abovementioned effects,
urbanization also changes the way humans
experience biodiversity. Turner et al. (2004)
calculated the neighborhood diversity (ND) to study
the species diversity at people’s place of residence.
ND indicates the number of species found within a
certain radius of a home. Turner et al. (2004)
compared the local ND and local human population
to the citywide average ND for five cities on three
continents. They found that 53 to 82% of the
population lives in neighborhoods with below-
average ND. They conclude that this might be the
case for most urban human populations. This is
important for two reasons. First, Miller (2005) and
Dunn et al. (2006) argue that the loss of experiencing
biodiversity on a daily basis causes an estrangement
from nature, which might explain the lack of broad-
based support for nature conservation in general.
Second, urban green spaces provide important
social, psychological (Chiesura 2004), and health
(Ulrich 1984) benefits that are not only linked to
their quantity, but also their quality (Fuller et al.
2007, Mitchell and Popham 2008). For example,
Baines (2000) argues that bird life in urban parks
enhances the recreational quality: People who go to
parks during the day seek a “wildlife garden”
atmosphere that differs from their work
neighborhood. In summary, bird diversity is likely
to vary across an urban region, and some of this
variation is likely to be correlated with demographic
and socioeconomic characteristics.

Given this experience, our purpose is to analyze
whether this idea holds true for Leipzig, Germany.
The city of Leipzig is a compact, central European
city that is situated in the former Communist Bloc;
the development of the city and its society has been
very different compared to most North American
cities. We therefore expect different relationships
between bird diversity, land use, and socioeconomic
patterns. Because we focus on the spatial and social
aspects of potential urban human-nature interactions,
we take the method developed by Turner et al.
(2004) one step further by overlaying patterns of
human populations living in neighborhoods of
below-average ND with land use and socioeconomic
data.

METHODS

Study area

Leipzig is located in eastern Germany (51°20’ N,
12°22’ E). The city reached its peak population of
more than 700,000 inhabitants in the early 1930s,
making it the country’s fourth largest city. After
WWII, the city entered its socialist period until 1990
and started to lose population. Faced with
tremendous societal transition and the withdrawal
of investment, the city lost approximately 100,000
inhabitants after the fall of the Berlin wall in 1989,
with 530,000 inhabitants in 1989 and 437,000
inhabitants in 1998.

Leipzig consists of a densely developed core with
administrative and cultural facilities in the city
center. The core is surrounded by a ring of tenement
blocks from the Wilhelminian period (1890–1918;
Fig. 1). A second residential ring is formed around
Leipzig by terraced houses and villas, mainly built
between 1900 and 1940, as well as huge socialist-
era prefabricated multistory housing estates in the
western part of the city. Larger parts of the eastern
and western city are covered by manufacturing and
commercial land use. Many small and intensively
used allotment garden plots are situated along
railway tracks and around the city.

There are major differences in population density
within the city area. The surrounding ring of terraced
and single houses has a low population density of <
1000 inhabitants/km². The southern part and the
inner western part of the Wilhelminian block-
structures, namely the municipal districts of
Südvorstadt, Schleußig, Waldstraßenviertel, and
Gohlis, belong to the districts with a population
density close to the city’s average of 4900
inhabitants/km² (Stadt Leipzig 1995). Inhabitants
of higher income groups live in these districts.
Districts with a higher population density include
the simple or medium-quality Wilhelminian
structures of the eastern part of Leipzig such as
Volkmarsdorf and Neustadt-Neuschönefeld. These
districts suffer from high vacancy accompanied by
declining economic activity. In addition, the low
quality of public spaces in some of these areas
overlaps with social problems and increases the
perception of a negative image (Haase et al. 2004).
Districts with mainly socialist-era prefabricated
multistory housing estates such as Grünau in the
outer west had a population density of up to 18,000
inhabitants/km² in 1993. They also suffer from a
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Fig. 1. Land-use classification of the study area of Leipzig, Germany, based on a map published in
Haase and Nuissl (2007).

negative image because of the low housing quality
and the perception that the inhabitants of such high-
density districts often belong to lower income and
socially deprived groups (Kabisch et al. 2005).
These municipal districts are indicated in Fig. 1.

Despite being compact, Leipzig contains a large
quantity of green spaces. There are several large
parks. The floodplains of the rivers Weiße Elster
and Pleiße are covered by old riparian forests

belonging to the association Querco-Ulmetum
minoris Issler 1924 (Müller 1995) and meadows that
make up approximately 6.3 and 4.1%, respectively,
of the city. Leipzig holds one of the largest and most
diverse urban floodplains of Europe (Haase 2003).
The floodplain separates the city into western and
eastern parts. The soils in the floodplains are mostly
loamy Fluvisols, but the major part of the city is
covered by Pleistocene sediment-based Luvisols.

498

http://www.ecologyandsociety.org/vol14/iss2/art31/


Ecology and Society 14(2): 31
http://www.ecologyandsociety.org/vol14/iss2/art31/

In total, 109 breeding bird species were found within
the city borders of Leipzig. This diversity is
significant; the number of bird species in the entire
Federal State of Saxony is 180 (Stefens et al. 1998)
and in Germany is 314 (Völkl et al. 2004). Turdus
merula (blackbird), Parus major (great tit) and
Passer domesticus (house sparrow) have the largest
ranges, occupying 93, 84, and 83% of the city,
respectively. Diverse areas with rare species such
as Dendrocopos medius (middle spotted woodpecker)
are located along the floodplain, indicating the
ecological value of the meadow forests. Only a few
species are found in the densely built-up areas and
intensively used rural agricultural surroundings.
Only a few species are non-native, but those can be
considered naturalized, e.g., Streptopelia decaocto 
(Eurasian collared dove).

Indicators

We used three sets of indicators: breeding bird
diversity, land use, and socioeconomic indicators.
We used breeding birds because they are a very well-
studied taxonomic group, providing good data
availability. Furthermore, urban bird communities
can be independent of bird communities in the rural
surroundings at local and regional scales (Clergeau
et al. 2001) and have been used to evaluate the
ecological quality of urban green space (Sandtröm
et al. 2006). Most importantly, birds are probably
the most visible and audible taxonomic group for
humans in cities. Land use is an indicator that
contains information on both habitat quality and
residential quality. For socioeconomic indicators,
we used variables similar to Hope et al. (2003),
Turner et al. (2004), Kinzig et al. (2005), and Melles
(2005); we used population density and total
number of companies, representing economic
density, as indicators of land-use intensity. We used
income level and unemployment as indicators of
socioeconomic status. Finally, average household
size and mean age were used to identify social
segregation.

Data

The breeding bird survey of the region of Leipzig
was carried out between 1991 and 1993 on a 500 ×
500 m sampling raster. In each year, the raster cells
were surveyed by volunteer ornithologists at least
five times between February and July. Only
breeding species were mapped. If a species was

found breeding in at least one of the three years, it
was marked as present in the respective raster cell
of the species atlas (STUFA 1995). The map of
Leipzig’s land-use structure was compiled by Haase
and Nuissl (2007) for 1997 (Fig. 1), which is
considered close enough to the survey period of the
breeding birds. The information about socioeconomic
patterns at the municipal district level (n = 49) was
mainly taken from local census data. Data for
population density, average household size, mean
age, and number of companies per square-kilometer
were available for 1994. Data for residential
vacancy are from 1995, and those for
unemployment rate are from 1996 (Stadt Leipzig
1995, 1997). For the income indicator, there was no
information from 1994, 1995, or 1996; data were
thus taken from the closest available year: 2003
(Stadt Leipzig 2004). We used the share of
households with income < 1000 € and the share of
households with income > 3000 €, which were the
most detailed indicators available. Although
absolute levels of income have changed, the relative
spatial differences are expected to be quite stable.
See Tables 1 and 2 for lists of all variables used.

Analysis

The spatial data analysis was carried out using
ArcGIS version 9.2, with the extensions Spatial
Analyst 9.2, ET GeoWizards 9.6.1, and Patch
Analyst 0.9.4. The statistical software R 2.7.1 was
used for statistical analysis and visualization.

Spatial Analysis

In a first step, each bird survey raster cell with its
centroid within the city area was selected and
assigned to the municipal district that covered the
majority of its area. The angular appearance of the
districts is a result of that assignment (Figs. 2 and
3). In a second step, the raster of the breeding bird
survey was intersected with the urban land-use map
of Leipzig. We then calculated the relative cover of
the single land-use classes for each raster cell and
for each municipal district. Knowing the housing
area and population of the municipal districts, we
interpolated the human population of each raster cell
using the housing area as a proxy.

We calculated the neighborhood diversity (ND) as
a measure of how much bird diversity residents
could experience on a daily basis within a certain
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Table 1. Spearman rank correlation between land use and the percentage of human
population in neighborhoods with below-average neighborhood bird diversity at the
municipal district level.

Land use Correlation (rho)

Urban village center −0.16

Terraced houses −0.16

Prefabricated multistory housing estate 0.24°

Single and semi-detached houses −0.02

Tenement blocks 0.20

Villas −0.25°

City center 0.23

Industry and trade 0.08

Railway 0.35*

Major roads 0.13

Sports and recreation areas −0.07

Parks −0.14

Allotments −0.09

Cemeteries 0.15

Arable land −0.03

Grassland −0.42**

Forest −0.65***

Rivers and channels −0.66***

Lakes −0.51***

°p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

radius around their home. ND indicates the number
of species found within a survey cell and its
respective neighbors (nine cells in total), which
translates to a radius of 500–1000 m. ND represents
the number of species found within that radius for
a home within a survey raster cell. This accounts for
government recommendations on the availability of
natural green space in the proximity of homes in
Germany (500 m; Hutter et al. 2004) and England

(300 m; Handley et al. 2003). There are no federal
recommendations in the United States, but some
communities have their own guidelines. Comparing
the guidelines of several cities, Harnik and Simms
(2004) found that the maximum allowable distance
from a park was 890 m on average.

To visualize the relationship between population
density and species diversity, we used the two
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Table 2. Spearman rank correlation between socioeconomic indicators and the
percentage of human population in neighborhoods with below-average neighborhood
bird diversity at the municipal district level.

Socioeconomic parameter Correlation (rho)

Population density (inhabitants/km², 1994) 0.44**

Average household size (1994) −0.03

Mean age (1994) −0.02

Companies (number/km², 1994) 0.47***

Residential vacancy (1995) 0

Unemployment (% of employable population, 1996) 0.25*

Share of households with income < 1000 € (2003) 0.36*

Share of population with income > 3000 € (2003) −0.31*

°p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

parameters of population and species diversity in
one map (Fig. 2). We applied red-grey-blue color
coding in which the red channel represents the
human population and the blue channel the species
diversity. The cell appears red if the human
population is high and species diversity is low. In
the opposite case, the cell appears blue. The cells
are black in the case that both population and species
numbers are low. Cells appear white if the
population and species diversity are high. All other
combinations are represented by shades of gray.
This method was adopted from Turner et al. (2004)
and implemented with the R 2.71 package
Maptools.

Finally, we computed the percentage of human
population in neighborhoods with below-average
diversity, following Turner et al. (2004). This was
done by summing the population of all raster cells
with below-average diversity within a certain area
and dividing it by the total population of that area.
The result is an aggregated value for each municipal
district and one for the whole city.

Statistics

A bivariate correlation analysis was conducted to
find overlaying patterns at the municipal district

level. We correlated the percentage of population
living with below-average ND with all land-use and
socioeconomic variables. Spearman’s rho was
selected as a measure of correlation because not all
variables were normally distributed.

RESULTS

The highest ND is 73, the lowest is 12, and the mean
is 47. Areas with high ND and low population
density (Fig. 2, blue) are located along the
floodplain and the northeast and southeast of
Leipzig. The densely populated areas with low ND
(Fig. 2, red) are mainly located in the west and in
some eastern parts of the city. There is little co-
occurrence of high population density and ND (Fig.
2, white).

In 1994, > 66% of the population of Leipzig lived
in neighborhoods with below-average bird
diversity. The percentage of the population living
with below-average ND ranges from 0 to 100% for
the municipal districts, indicating great differences
among them (Fig. 3).

Districts with a high percentage of population living
with below-average ND are situated in the eastern
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Fig. 2. The distribution of human population and breeding bird diversity in Leipzig, Germany. ND =
neighborhood bird diversity.

part of the city, i.e., the low-image districts of
Volkmarsdorf and Neustadt-Neuschönefeld, as well
as in the prefabricated housing areas of Grünau
situated in the west of Leipzig. Areas with a low
percentage of population living with below-average
ND are located along the floodplains and at the
fringe of Leipzig.

We examined the Spearman rank correlation
between land use and the percentage of human

population in neighborhoods with below-average
ND (Table 1). There were negative correlations for
land use in either natural or semi-natural habitats
such as grassland (−0.42), forest (−0.65), river and
channels (−0.66) and lakes (−0.51). There was a
weak negative correlation for the residential land-
use type of villas (−0.25). A positive but weak
relationship emerged for the land-use types of
railway (0.35) and prefabricated multistory housing
estates (0.24). Other building types, parks, sports
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Fig. 3. The percentage of human population in neighborhoods with below-average bird diversity at the
municipal district level.

and recreation areas, allotments and cemeteries,
industry and trade, major roads, and arable land did
not show any significant correlations.

We also examined the Spearman rank correlation
between socioeconomic data and the percentage of
human population in neighborhoods with below-
average ND (Table 2). The two indicators of land-
use intensity, i.e., population density and number of
companies per square-kilometer, were positively

correlated with neighborhoods with below-average
ND (0.44 and 0.47, respectively). Unemployment
and the share of households with income < 1000 €
also showed a weak positive correlation (0.25 and
0.36, respectively). There was a negative correlation
with the share of households with income > 3000 €
(−0.31), whereas there was no significant
correlation with average household size or mean
age.

503

http://www.ecologyandsociety.org/vol14/iss2/art31/


Ecology and Society 14(2): 31
http://www.ecologyandsociety.org/vol14/iss2/art31/

In addition to the percentage of human population
in neighborhoods with below-average neighborhood
diversity, we also analyzed the Shannon diversity
index, a common diversity index that does not
require a threshold definition and is not focused on
the potential to experience diversity. The results
were similar to those above (Appendix 1).

DISCUSSION

The percentage of the population of Leipzig living
with below-average ND is similar to that in other
cities (Turner et al. 2004; Table 3). On a more
detailed scale, we found that this measure differs
strongly across Leipzig (Fig. 3), with high
percentages of the population living with below-
average ND in eastern districts, and low percentages
along the floodplain and the fringe. We discuss how
this relates to land use and socioeconomic patterns.
Many relationships that have been found elsewhere
were also demonstrated in Leipzig. In particular, the
similarity to North American cities was surprising
because there are great differences in lifestyle, urban
density, and housing types. The fact that areas with
high and low ND appeared both in the city and on
its fringe shows that a simple rural-urban gradient
does not apply to Leipzig, as it does in the case of
Quebec, Canada; Rennes, France (Clergeau et al.
1998); and California, USA (Blair 1999).

Land use

Looking at underlying patterns of land use, there are
clear correlations between a low percentage of
people living in below-average ND and natural or
semi-natural land-use types: forest, grassland, rivers
and channels, and lakes. These land-use types were
previously shown to be correlated with species
richness (Clergeau et al. 1998, Melles et al. 2003,
Blair 2004, MacGregor-Fors 2008). Railway areas,
which are abundant throughout the city, do not
enrich ND. Two housing types had weak
correlations: residents of prefabricated multistory
housing estates are more likely to experience below-
average ND than are residents of villas. Villas are
usually situated in districts such as Südvorstadt or
Gohlis. They have a much higher quantity and
higher quality of urban green. This is because most
buildings and related house gardens, street trees, and
neighborhood green structures date back more than
50 years. Additionally, they are located close to

major park areas of the floodplains. In contrast,
prefabricated housing estates were mainly built in
the 1970s and 1980s; correspondingly, urban green
in such districts is mostly very young and
intensively maintained. These results are supported
by Gutte and Goldberg (1986), who compared plant
species richness of different parts of Leipzig. They
found a much lower number of species for a
prefabricated housing estate neighborhood (139
species) than for a villa quarter (212 species).

Surprisingly, there were no significant correlations
between diversity and the presence of sports and
recreation areas, parks, and allotments. This
indicates that urban green is no guarantee for high
bird diversity. This is supported by a study of bird
diversity in allotments in Leipzig, which showed
that allotments are structurally homogeneous
throughout the city and only host common
synanthropic species (Müller 2007).

Socioeconomic indicators

The results derived from socioeconomic data
confirm some of the abovementioned findings from
other studies and allow additional conclusions.
Densely populated areas had low bird diversity,
which supports findings by Tratalos et al. (2007a)
for the United Kingdom and by Turner et al. (2004)
for cities in North America, Europe, and Japan. In
addition, Hadidian et al. (1997) found the lowest
total estimated species richness in commercial areas
within Washington, D.C.

Households of higher income groups tend to live
within neighborhoods that exhibit higher bird
diversity such as the Wilhelminian period districts
in the western and southern parts of the city. By
comparison, municipal districts with a high share of
low-income households and a high percentage of
unemployment more often show a high percentage
of population living with below-average ND. These
findings are in accordance with those of Melles
(2005), who found that wealthier neighborhoods in
Vancouver, Canada, have more native species.
Hope et al. (2003) reports similar results for plant
genera, and Kinzig et al. (2005) for birds and plants
in Phoenix, Arizona, USA. The income effect, or
“luxury effect” (Hope et al. 2003), is most likely a
combination of housing choice and design. The
wealthiest municipal districts in Leipzig, i.e., Gohlis
and Waldstraenviertel, are located along the forests
and parks of the floodplain. They have a higher
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Table 3. The percentage of human population in neighborhoods with below-average
neighborhood bird diversity (ND).

City Human population in neighborhoods with
below-average ND (%)

Western Berlin, Germany† 82

Eastern Berlin, Germany† 65

Chiba City, Japan† 53

Florence, Italy† 77

Tucson, Arizona, USA† 71

Washington, D.C., USA† 56

Leipzig, Germany 66

†Values from Turner et al. (2004).

quality of green, with more, older greenery and
gardens compared to the rather low-income districts
in the eastern part of Leipzig such as Volkmarsdorf
and Neustadt-Neuschönefeld or districts with
prefabricated housing estates (Grünau). MacGregor-
Fors (2008) also showed significant positive
correlations between bird species richness and older
garden trees. Grove and Burch (1997), Pauleit et al.
(2005), and Tratalos et al. (2007b) found more
gardens and higher tree and shrub cover in areas
with higher socioeconomic status. In the case of
Indianapolis, Indiana, USA, Heynen (2003)
provided evidence for the unequal distribution of
urban trees in relation to income: the upper to middle
class are favored, whereas the lower class is
environmentally disadvantaged. In the case of
Leipzig, it appears that a lower social status
increases the chance of living in a neighborhood
with below-average ND.

The potential to experience nature on a regular basis
is not only determined by social status. A person’s
lifestyle also plays an important role. Generally
speaking, not all inhabitants of a city are restricted
to only using natural green space within a radius of
300 to 900 m around the home, a distance that
governments and municipalities recommend
(Handley et al. 2003, Harnik and Simms 2004,
Hutter et al. 2004). However, financial well-being

increases lifestyle choices and mobility in general,
whereas poverty decreases both (Kinzig et al. 2005).
Additionally, children are much less mobile than
adults, but the availability of green space is of great
importance for them while growing up (Heuser
2007) because attitudes toward nature conservation
are often influenced by childhood experiences (e.g.,
Chawla 1998).

It might be disputed whether something as complex
and subjective as the possibility of experiencing
nature can be measured. We used the average ND
as a threshold. Turner et al. (2004) call ND a
conservative baseline, but it is obviously very case
sensitive. Comparing the cities studied by Turner et
al. (2004), only Florence has a higher average ND
(50 species) than Leipzig (47 species). Berlin, a city
located very close to Leipzig, has an average ND of
approximately 23 species. This means that species-
poor neighborhoods in Leipzig could be species-
rich neighborhoods in Berlin. However, different
ecosystems that are equally natural can have very
different numbers of species; this explains the
highest average ND for Florence, which is located
in the species-rich Mediterranean. In addition, van
Kamp et al. (2003:11) examined the literature on
environmental quality and human well-being and
conclude that the “judgment about environmental
quality is always restricted to a geographical area.”
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However, they also state that the definition of living
area is very subjective and dependent on lifestyle
and mobility. Hence, people in municipal districts
with low ND might not actually feel deprived if they
are immobile. In any case, a local definition of
diversity is necessary, and a direct comparison to
average ND from different cities is problematic.

CONCLUSIONS

Even though Leipzig is a densely built, central
European city, the experience of high ND and little
domesticated nature is possible. However, the
neighborhood diversity indicator showed that there
are patterns of inequality. To make nature
experiences possible for all residents and to avoid
and minimize “environmental injustice” (Low and
Gleeson 1998 cited in Heynen 2003), more effort
should be made in urban planning to enhance
biodiversity, especially in economically poorer
areas. These areas often have little and low-quality
green space, and most inhabitants likely have fewer
resources to spend on travel. ND is therefore a useful
indicator for finding areas most in need of
enhancement.

In the case of Leipzig, changes in land use caused
by urban decline, recent renewal, and restructuring
offer the chance to create new habitats and enhance
the quality of life of many people by developing
green spaces in districts where they were formerly
lacking (Stadt Leipzig 2007). Approximately 5–7%
of the city is wasteland, holding great potential for
the development of green space. However, to gain
acceptance from local residents, it would have to be
carefully designed (Mathey and Rink 2010). The
effectiveness of specific measures already taken in
Leipzig is yet to be shown. Great effort should also
be placed on preserving existing natural green
spaces from development.

These efforts are far altruistic if one considers the
benefits that humans receive from green spaces, for
example, climate mitigation, attractive scenery, and
health benefits (Ulrich 1984). Recently, Mitchell
and Popham (2008) showed that exposure to high-
quality green space can actually mitigate
socioeconomically induced health inequalities.
Additionally, people are more likely to take action
to conserve biodiversity if they have direct contact
with nature. The benefits and the potential to interact
should be available for all residents.

Responses to this article can be read online at:
http://www.ecologyandsociety.org/vol14/iss2/art31/
responses/
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Appendix 1. A correlation analysis between the Shannon Diversity Index and land use as well as
socioeconomic parameters for Leipzig, Germany.

Please click here to download file ‘appendix1.pdf’.
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bstract

Assessment of the environmental impact of urban sprawl being understood here as the conversion of non-urban to urban land is still a subject
or debate. Another shortcoming of the current discourse on urban sprawl is that it largely fails to reflect the interconnection of environmental
nd socio-economic aspects. In presenting a case study on the German city of Leipzig and applying the conceptual framework of driving forces,
ressure, state, impact, and response (DPSIR-concept), this paper strives to assess the impact of urban sprawl on water balance and explores the
epercussions of this impact upon the causation of and policies on urban sprawl. The study establishes that urban sprawl and related surface sealing
ave considerable impact on water fluxes and the urban water balance that may become imminent in the longer run. However, the study also shows

hat societal reactions on urban sprawl, first of all the attempts of both authorities and public initiatives to contain sprawl, are hardly motivated
r influenced by concerns about environmental problems in a particular place (affected by urban sprawl). These attempts are mainly carried out
n a national and regional level and reflect a general orientation in environmental politics rather than the desire to respond to individual urban
evelopments. The study thus shows that the environmental impact of sprawl elicits only indirect repercussions in society.

2006 Elsevier B.V. All rights reserved.
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. Introduction: the problem of urban sprawl

Within the last decades urban sprawl has become an increas-
ngly prominent though contentious theme in both public and
cademic discussions. Many scholars claim that urban sprawl
as considerable negative impacts, such as social segregation
nd environmental degradation (e.g. Squires, 2002; Burchell et
l., 2002, Part II). On the other hand, there is also strong support
or the view that the problems of urban sprawl are far outweighed
y its benefits in that it enables a growing number of people
o live according to their desires (e.g. Gordon and Richardson,
001; Alberti and Marzluff, 2004). However, inspired by the
rowing concern about sustainability, many academics are call-
ng for effective containment of urban sprawl (e.g. Ewing,

997).

One problem with the discussion of urban sprawl is the con-
eptual vagueness of the term, another its negative connotation.

∗ Corresponding author. Tel.: +49 341 235 2696; fax: +49 341 235 2825.
E-mail address: henning.nuissl@ufz.de (H. Nuissl).
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d-use policy

n attempt to give a neutral and concise definition of urban
prawl was made by Galster et al. (2001, p. 685): “sprawl is a
attern of land use in an urbanised area that exhibits low levels of
ome combination of eight distinct dimensions: density, continu-
ty, concentration, clustering, centrality, nuclearity, mixed uses
nd proximity.” Endeavouring to cover the variety of aspects
iscussed under the heading of urban sprawl, this definition is
owever somewhat all-embracing. Alternative definitions draw
olely on a few, sometimes only one, of the dimensions men-
ioned in the quote. Along with Chin (2002), four basic types of
prawl-definitions can be distinguished. Sprawl can be defined:
1) in terms of urban form (e.g. Song and Knaap, 2004) as
pposed to the compact city (cf. Burton, 2002), (2) in terms
f density, or density gradients (e.g. Couch et al., 2005), and
3) in terms of changes in land use (e.g. Batty et al., 1999). In
ddition, various concepts of urban sprawl have been developed
hich are based on (4) the (presumably negative) impacts of
prawl (e.g. Johnson, 2001) — although it is clear that this cre-
tes a tautology when it comes to the discussion of effects of
prawl. It is interesting to note that the latter kind of concepts
arely draws on environmental aspects, except for the problem
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f air pollution caused by car traffic. This conforms to the current
ebate on land consumption where sprawl is usually blamed for
ts environmental impact, but almost always on a very general
evel. The attempts to define urban sprawl thus seem to reflect a
ack of knowledge of its environmental dimension. More infor-

ation is needed here in order to substantiate land-use policies
e.g. Stanilov, 2002, p. 171).

There are numerous case studies on local effects of urban
evelopmental activities on natural and semi-natural eco-
ystems (e.g. Breuste, 1996). These kinds of studies have plainly
emonstrated that the development of land for urban use affects
he respective site in terms of, say, biodiversity (e.g. Löfvenhaft
t al., 2002), habitat suitability (e.g. Hirzel et al., 2002), water
alance (e.g. Interlandi and Crockett, 2003), microclimate (e.g.
auleit et al., 2005), or photosynthesis (e.g. Imhoff et al., 2000).
owever, scaling up these micro-scale results to a larger spa-

ial scale to assess the accumulated effects of these impacts on
city or regional level, i.e. the medium scale (approx. 5000 to
00,000 ha) is not easy (Verburg et al., 2004). On the other hand,
here are also studies which scrutinise environmental effects of
rban sprawl on a larger, even global level (Meyer and Turner,
994; Dolman, 2003). However, the layout of these studies is
sually too broad, and the resolution of analysed land-use data
oo low to allow an inference of results to particular cities or
egions. Furthermore, urban sprawl is a human-made process
ut research on its environmental effects rarely takes its potential
eedback on human action into account (Atkinson and Oleson,
996). More empirical effort seems to be necessary both to eval-
ate the area-specific environmental impact of urban sprawl on
medium scale and to establish the extent to which this impact

s part of, and provides feedback for, the – genuinely soci-
tal – process of land-use change (Dwyer and Childs, 2004).
ased on a survey of land-use changes over a period of more

han a century, this paper presents a case study for the city
f Leipzig that undertakes such an empirical effort. It takes
ater balance as an example for an environmental issue regu-

arly affected by urban sprawl. To obtain a deeper understanding
f causes, effects and dynamics concerning the interrelation-
hips between urban sprawl and water balance (with the latter
epresenting the natural environment potentially affected by
rban sprawl) the case study employs the concepts of driving
orces, pressure, state, impact, and response (see below) to dis-
uss findings from research in social and natural sciences at the
ame time. In more detail, the principal objectives of this paper
re

an assessment of the effects of urban sprawl on water bal-
ance at the medium scale (as opposed to its site-specific
impact);
an analysis (using the example of water balance) of how soci-
ety responds to the environmental impact of urban sprawl;
an exploration of the interface and the feedback between the
societal and the environmental dimension of urban sprawl;

a reflection as to whether conceptualising the interrelation-
ships between these two dimensions could help local author-
ities to both devise and legitimise more appropriate policies
on urban sprawl.

•

rban Planning 80 (2007) 1–13

This paper adopts a concept of urban sprawl which equates it
ith the conversion of non-urban (i.e. ‘natural’ or open) into
rban land (comprising buildings, infrastructure, private gar-
ens), and thus corresponds to the third type of sprawl-definition
ntroduced above. (The term land-use change on the other hand
efers to any kind of conversion of land uses.) Admittedly, this
efinition of urban sprawl allows subsumption of any process
f physical urban growth. However, it has two important advan-
ages with regard to its application in empirical research (e.g.
opez and Hynes, 2003): in contrast to definitions based on
rban form, it allows one to perceive urban sprawl as a dynamic
rocess and, as opposed to definitions based on density, it also
llows one to study urban sprawl by means of GIS data. Some
ecent case studies that chose a similar approach have proven
hat the land use-based definition of sprawl is suitable for guiding
mpirical exploration of environmental effects of urban sprawl
e.g. Hasse and Lathrop, 2003; Robinson et al., 2005).

. Material and area studied

Leipzig has a long history as an important urban centre
nd currently has around half a million inhabitants. Situated in
he eastern part of Germany, the former German Democratic
epublic, it experienced little urban sprawl in the post-World
ar II period (except for the building of a few big housing

states on the urban fringes). Before and after the socialist era,
owever, large-scale changes in land use were quite common
n and around Leipzig.

Leipzig underwent a period of vibrant growth between around
870 and 1930, reaching its historical maximum with a pop-
lation of more than 700,000 in the early 1930s, which then
ade it Germany’s fourth-largest city. This development was

ccompanied by the urbanisation of what were then the city’s
urroundings. After 1989, post-socialist transformation again
shered in a period of heavy urban sprawl, with several shopping
alls, business parks and residential neighbourhoods spread-

ng, in this order, into the city’s outskirts and the suburban
owns and villages. Low birth rates, industrial decline, and out-

igration, however, contradicted the expectations linked to these
nvestments, which eventually led to a surplus of housing, office
pace and developed land in general. Since the late 1990s urban
prawl around Leipzig has abated considerably. Following the
ncorporation of several suburban townships in recent years, the
dministrative territory of Leipzig today covers almost 30,000 ha
297.5 sq. km) and has a population of around 500,000.

The city of Leipzig is suited as a case study region for the
urposes of this paper mainly for three reasons:

Facing simultaneous processes of societal and economic tran-
sition and demographic change, the case of Leipzig is fairly
typical of the development of non-capital cities in the former
socialist parts of Central Europe. As many old industrialised
cities in the West have to deal with similar problems, Leipzig

is also a general example of the medium-sized city that has
ceased growing (Banzhaf et al., 2005).
Leipzig is large and diverse enough to allow an overall assess-
ment of the impact of land-use change and urban sprawl on
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Table 1
Data used to quantify land-use change and water balance

Data Stand Scale Publisher/source

Relief
Digital elevation model (DEM): Leipzig 1995 20 m × 20 m Saxon Land Registry

Land use
Topographic maps, CIR photographs, planning maps 1870–2003 1:25000–1:5000 Saxon Land Registry, Agency of Spatial

Planning of Leipzig, ASW – Office for urban
renewal of Leipzig

Climate
Evapotranspiration 1961–90 1 km × 1 km German Meteorological Service
Precipitation 1961–90 1 km × 1 km German Meteorological Service

Water household
Geological engineering map of Leipzig, hydrological map 1977 1:10000 Saxon State Department of the Environment

and Geology
Map of hydro-isohypses for Leipzig 1984 1:50000 Saxon State Department of the Environment

and Geology

Vegetation
Biotope map of Saxony and Leipzig (based on colour infrared

photography, CIR)
1994/99 1:10000 Saxon State Department of the Environment

and Geology, Environmental Agency of
Leipzig

Soil
Soil fiscal evaluation maps 1935 1:10000 Various authors, Communal financial

departments
Soil map of Leipzig and surroundings (scale 1:50000) 1997 1:50000 LAGB – State Department of Geology and

Mining of Saxony-Anhalt
Soil map of the rural district of Leipzig 1964 1:50000 Richter (1964)
Medium scale agricultural mapping for Leipzig 1970–80 1:25000 Saxon State Department of the Environment

and Geology
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• The pressure that is caused by this demand for urban sprawl
Soil survey map Germany No. CC4734 1:200000 1999

a medium scale. Apart from the inner city, which consists
of a solid, dense structure of 19th and 20th century tenement
blocks, the city’s territory contains large areas of the typically
suburban mixture of land uses (Sieverts, 2003), including agri-
cultural land and forests.
The availability of data on urban development in Leipzig is
fairly good. Table 1 indicates the spatially explicit data used
for a posteriori analysis of the consequences of urban sprawl
on water balance.

. Methods

.1. The heuristic DPSIR-concept: objectives and
equirements

The driving forces–pressure–state–impact–response concept
DPSIR-concept) provides a heuristic framework for the anal-
sis of cause–effect relationships in complex systems, which
re subject to human action (Brandt, 2000). It also helps to
elect the variables and indicators to be monitored and anal-
sed in order to study the environmental dimension of sprawl.
he general idea behind this concept is that human activities,
.e. driving forces, exert a certain pressure on a particular part
f the natural environment causing a change in the state of the
hysical media. The consequence of this process is environmen-
al impact, which usually results in certain (political, economic,

•

1:200000 German Agency for Geology and Natural
Resources

ocio-cultural) responses by society. These responses may or
ay not modify the nature of the driving forces (thus mitigat-

ng or even enhancing the actual pressure) and/or compensate
or the impact (which may be mitigated by technical solutions)
http://glossary.eea.eu.int/EEAGlossary/D/DPSIR). In addition,
he driving forces may also be altered directly by the impact.
pplied to the process of urban sprawl, the DPSIR-concept

nables us to conceptualise and observe the underlying dynam-
cs as follows:

Generally speaking, urban development is induced by soci-
etal and economic processes, such as population growth and
the accumulation of wealth. In an actor-oriented perspective,
however, the driving forces of urban sprawl could be con-
ceptualised more specifically by referring to the ‘demand’
for urban sprawl. This demand becomes tangible with the
activities of the actors who either plan and/or facilitate urban
development or enter the real estate and/or housing markets
in search of a (new) location. (The term actor is used here
in the sociological sense of an agent, individual or collective,
capable of undertaking purposeful action.)
is defined – and measured – as initially stated: as conversion
of non-urban to urban land.
This pressure results in a certain state of land cover, the indi-
cator for which is the proportion of impervious surfaces.
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Surface sealing has its most obvious and critical impact in
the area of water balance. It leads to, and is indicated by a
rise in water surface run-off which is tantamount to both a
reduction in groundwater recharge and a decline in effective
evapotranspiration.
Many vested interests and actors are affected by, and there-
fore in some way or other react to, urban sprawl. In order
to study the response of society to the impact of sprawl on
water balance it therefore seems appropriate to look at how
different (collective) agents that become concerned with the
issue perform in the public discourse on urban sprawl and try
to influence land-use policies.

Fig. 1 sketches the heuristic DPSIR-concept regarding the
rade off between urban sprawl and water balance. The arrows
epresent the cause–effect relationships between the five ele-
ents of the concept. The figure illustrates that, in addition to

he (potential) feedback from the response, there may also be
eedback from the impact on the driving forces (in that envi-
onmental degradation can reduce the attractiveness and thus
he demand for land). In any case, as a broken arrow indicates a
omewhat weak causal relationship, it becomes apparent that the
rgument below will be that, firstly, the environmental impact of
rban sprawl is only of minor importance for societal response
o land consumption and, secondly, the feedback loops from this
esponse to the dynamics of sprawl are generally weak.

.2. Breaking down and applying the DPSIR-concept to the
ssue of land-use change

.2.1. Driving forces: demand for urban sprawl
The demand for urban development, and thus urban sprawl,

s largely determined by both the ‘hard’ facts of demographic

nd economic dynamics (e.g. Ciscel, 2001) as well as the socio-
ultural and institutional context of decisions and activities (of
prawl producing agents) (e.g. Johnson, 1997). This context
omprises common beliefs, values, and norms of conduct as well

o
d
c
f

Fig. 1. Application of the DPSIR-concept to the
rban Planning 80 (2007) 1–13

s the organisational and legal setting of a society. Although
o empirical data has been researched in these fields for the
ase study, the review of literature in connection with scholarly
eflection allows a general assessment in how far the demand
s affected by the impact of sprawl. However, while we address
hese topics in a general manner here, it remains a goal to also
ddress the driving forces of sprawl empirically.

.2.2. Pressure: land-use change
Monitoring long-term land-use change in the study region

esorted to three different data sources. Firstly, topographic
aps from 1870, 1940, 1985, 1997, and 2003, as well as plan-

ing documents for areas dedicated to urban land use in the
uture, were used to create a digital land-use data base. Sec-
ndly, field surveys were carried out in order to obtain the
issing (detailed) information on land use in particular areas

Haase and Magnucki, 2004). From these sources, GIS-based
ector files containing land-use nomenclature and derived seal-
ng rates were established. The one-level land-use classification
pplied here (Table 2) goes beyond the degree of differentiation
f most attempts to scrutinise urban sprawl on a regional level
cf. Stanilov, 2002). Thirdly, existing studies on the historic and
urrent development of Leipzig and its region were analysed so
s to comprehend the respective framework conditions of land
onversion (Haase et al., 2004).

.2.3. State: land cover
Based on methodological findings by Steinhardt and Volk

2002) and Frede et al. (2002) and drawing on reference data
rom other studies on Leipzig (Wickop et al., 1998; Münchow,
999) as well as field surveys, it was possible to assign a percent-
ge of average impervious surface to every urban land-use class.
hus, along with Münchow (1999) a set of “structural types”

f urban land, characterised in terms of usage, surfacing and
rainage, could be discerned. When different information con-
erning the degree of surfacing in a particular structural type was
ound, the mean value was calculated. Thus, a scale-specific clas-

issues of urban sprawl and water balance.
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Table 2
Impervious land at the urban fringe 1940–1997 (Haase and Magnucki, 2004)

Urban land-use type Construction period Sealing rate (%) Share of urban area of Leipzig since 1940

Old centres Medieval times to 1945 63 9.0
Old built-up area 1870–1910 >60 –
New built-up area 1920–1960 32–38 1.7
Modern estate GDR-time 1960–1990 (GDR) 52–63 2.1
Modern estate after 1990 After 1990 (post GDR) 58–68 0.1
Detached houses Continuously from 1850 49–52 9.0
Parks, garden, cemetery Medieval times to today 20 9.8
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rade area Continuously from 1850
rable and grass land
rban forest Urban forest since 1560

ification of impervious land covering the whole study region
as obtained (Table 3; Haase and Schmidt, 2003), providing
sound data base for the water balance models ABIMO and
ESSER (see below).
An equal interval classification was used to select the classes

f impervious land. The selection of run-off classes was con-
ucted using 25 mm-classes for lower rates (0–100 mm) and
0 mm-classes for higher rates. These thresholds were chosen
n order to be consistent with the literature and to obtain data
hat is comparable to the findings from other studies (cf. Messer,
997; Münchow, 1999).

.2.4. Impact: water balance
Deal and Schunk (2004) argue that surfacing open land,

specially in connection with the compaction and improve-
ent of the soil-own drainage network, results in higher and

ccelerated direct surface run-off and thus has some critical
onsequences (cf. Collin and Melloul, 2003; Emmerling and
delhoven, 2002): An increase in surface run-off usually leads

o, firstly, a drop in groundwater recharge rates and subsequently

lso in the low-water flow of receiving water, secondly, a reduc-
ion in water content in the urban atmosphere, and thirdly, a
ecline in the water retention and filtering capacity of soils and
urfaces for pollutants. Fourthly, in case of heavy precipitation

able 3
lassification of land uses into categories of impervious land

ategories of impervious
and (%)

Land-use categories

0 Agriculture/forestry, raw materials
extraction, areas of water

>0–20 Green spaces, parks, gardens, cemeteries
>20–40 Railway tracks, sports facilities,

health/social services, ribbon development
>40–60 Large housing estates (flats and houses),

utilities/waste disposal, military
>60–80 Older villages, 1990s housing estates,

education/research
>80–100 Centre, commercial space, the service sector,

trade show venues, roads

he classification of sealing rates follows field surveys carried out in various
erman cities based on the same concept of urban structure types. This reduces
ncertainty of estimations of the total amount of impervious land and is in accor-
ance with meso-scale GIS or model based approaches (Haase and Magnucki,
004).
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>85 5.2
– 52.1
– 7.2

he sewer systems and wastewater treatment plants are not capa-
le of collecting the total amount of surface run-off resulting
n an increased flood risk. Considering these findings the water
alance model ABIMO (Glugla and Fürtig, 1997; Fig. 2) was
pplied to the investigation area in order to quantify the long-
erm urban water balance for the time period from 1870 to 2003.

ABIMO was designed by the German Federal Institute of
ydrology for analysis in the quaternary area of Central Ger-
any (pleistocene and holocene sediments and substrates with

ertical seeping behaviour of the soils) and modified for urban
reas. The main element of ABIMO is the calculation of basic
un-off R from the mean actual evapotranspiration ETa and
he long-term mean precipitation rate P0; ABIMO uses the
AGROV-relation to determine the actual evapotranspiration
Ta of an area Eqs. (1) and (2):

= P0 − ETa (1)

dETa

dP0
= 1 −

(
ETa

ETp

)n

(2)

he BAGROV-relation is based on the evaluation of long-term
ysimeter studies. It describes the non-linear relation between
recipitation and evaporation in dependence on local soil, land
se and drainage properties. With knowledge of precipitation
ate P0, and potential evaporation ETP, and the efficiency param-
ter n, the BAGROV-relation can determine the real evaporation

for areas without groundwater influence. With increasing
recipitation P0, real evaporation R approaches potential evapo-
ation ETP, or the quotient R/ETP approaches a value of 1. With
ecreasing precipitation P0, real evaporation R approaches pre-
ipitation P0. The efficiency parameter n covers the modification
f the water storage properties of the evaporative zone due to
and use and soil of every site. The function of the drainage
nd sewer system is estimated according to the land-use classes
nd included in the ABIMO model via the parameter degree of
analisation (%).

Another model to calculate water surface run-off in urban
reas was developed by adapting the model of Schroeder and
yrwich (1990) to the conditions in the highly urbanised Ruhr
rea in Germany (Messer, 1997). Based on the ABIMO results,
esser’s model calculates direct run-off rates in an area from

he soil slope gradient, soil type, groundwater level (the greater
he water table depth, the lower the direct run-off), land use, and
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Fig. 2. Scheme of data integra

he degree of surfacing (Fig. 2). The direct run-off QD is calcu-
ated by determining the proportion p of excess water (difference
etween precipitation and evapotranspiration) Eq. (3):

D = (N − ETa)p

100
(3)

he factor p is much higher in the case of cohesive soils (silt,
lay) compared to non-cohesive ones (sand). Concerning land
over p decreases in the following order: farmland, grassland
nd forest. In the case of surfaced areas, the proportion p rises
ith the degree of surfacing (Messer, 1997; Table 4).
.2.5. Response: reactions by authorities and civil society
A sample of around 20 narrative interviews with experts and

takeholders from authorities and research institutes in Leipzig

e
i
m
t

able 4
roportion p within excess water (modified according to Messer, 1997)

Slope (0–2%)

Sand/backfilling

Depth to water table (m)

<1 1–2

and use
Farmland/grassland 50 0
Mixed woodland 20 0
Surfacing 1–20% mixed vegetation 38 8
Surfacing 21–40% mixed vegetation 58 43
Surfacing 41–60% mixed vegetation 73 62
Surfacing 61–80% mixed vegetation 86 79
Surfacing 81–100% mixed vegetation 92 89
Water 0 0
Heath land 100 100

he direct run-off (QD) is calculated using the formula QD = (N − ETa) × p/100.
manipulation and modelling.

nd the Leipzig region provided the empirical basis for the dis-
ussion of who (or what agents) responds how to the problem of
rban sprawl. These interviews were carried out in the context
f recent research projects on urban development in the Leipzig
egion (Rink et al., 1998; Nuissl et al., 2005). A major task of
his research was to identify the perceptions of, and strategies on
rban sprawl of various stakeholders from both public authori-
ies and civil society.

. Results

The case study has yielded insights into the nature of

nvironmental and societal issues of sprawl as well as their
nterplay. In the following, results concerning the first ele-

ent of the model, driving forces, will be highlighted at
he end in order to relate them to the (potential) feedback

Loam

>2 <1 1–2 >2

0 50 20 20
0 30 5 0
8 42 20 20

28 61 51 42
52 74 67 60
73 86 82 79
87 92 91 90
0 0 0 0

100 100 100 100
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rom the last element, response (compare feedback loops in
ig. 1).

.1. Land-use change

Around 1870 the city of Leipzig had largely preserved its
ediaeval shape and huge parts of the case study region (89%)
ere covered by arable land and forest (Fig. 3). It was primarily

he perimeter block development and the increase in industry
hat contributed to the subsequent growth of the city. Contrary
o popular belief among local and regional representatives of
ature conservation, the size of forest area in Leipzig (around
0 km2) has not changed much since 1870. On the other hand,
he decrease in alluvial and riparian wetlands and grassland
as been considerable (−6.8 km2). Leipzig’s development
nto a compact industrial city between 1870 and 1940 was
ccompanied by the embankment and canalisation of the rivers,
ausing the floodplains in the heart of the city to almost entirely
isappear in this period. Concurrently, large allotment sites
14 km2) emerged and on the former outskirts, the number of
etached and semi-detached houses increased considerably in
he 1920s and 1930s (see Fig. 3).
During the socialist period (1945–1989) spatial urban growth
ainly took place along the transport axes. Apart from the

urther decrease in arable and open land due to this moderate
trip development, land-use change also occurred because of

m
c
n
a

ig. 3. Spatial growth and land conservation in Leipzig since 1870. The land use cha
he deduction of land conversion and surface run-off rates as of 1940.
rban Planning 80 (2007) 1–13 7

econstruction work in the inner city areas, where vacant lots
nd brownfields resulting from the devastations of World War II
ere partially redeveloped. The most striking change in land use

n this period was the establishment of an enormous housing
state for 100,000 inhabitants on the city’s western fringe
etween 1976 and 1988. Likewise, other, though much smaller,
ousing estates were built in other places on the city’s periphery
Fig. 3). The recent processes of urban sprawl after the German
eunification meant a further considerable decrease in the pro-
ortion of arable and open land. In total, the changes in land use
n the 1990s brought about an increase in surfaced land of about
0 km2.

.2. Land cover

Between 1945 and 2003, the surfaced areas in Leipzig
ncreased by 48.7 km2 (19%). In both absolute and proportional
erms, Leipzig has more impervious land compared to other
astern Central European cities of similar size, such as Dresden,
rno, or Bratislava. The reason for this can be found in the tradi-

ional, compact and densly built urban structures, which largely
urvived World War II. Whereas, during socialist times, it was

ainly the erection of industry and large housing estates which

ontributed to land surfacing, these days the largest share of
ewly surfaced areas is accounted for by residential estates with
medium proportion of impervious land (>40–60%). Highly

nge was visualised based on topographic maps. The quality of the maps allows
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Table 5
Long-term water balance for Leipzig

Year Evapotranspiration
(%)a

Surface run-off
(%)a

Seeping water
rate (%)a

1940 100 100 100
1985 90 154 107
1997 87 170 106
2

a
s
p
e
a
s
w

b
a
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urfaced areas (>80–100%), such as industrial and commercial
states, also account for a large part of the land newly developed
fter 1990. Areas with a limited proportion of impervious sur-
ace (>0–20%) such as parks and gardens, make up for about
8% of land urbanised since 1940 (Fig. 3, cf. Table 2).

.3. Water balance

In the study area, un-surfaced land mainly features medium
o low surface run-off rates (>25–l50 mm), as the loess soils here
sually have high field capacities and are therefore able to take
p and store large quantities of water. Due to land surfacing
fter 1940, the study area’s high overall run-off control factor
as been decreasing severely. In areas with a limited amount
f impervious land the run-off control factor p is increasing: p
tarts to deteriorate as of a share of impervious land of >20%.

here this share amounts to >40–60%, respectively, surface
un-off increases by as much as 200 mm/a (in ‘prefab’ housing
states). Once the share of impervious land exceeds 60%, run-
ff control drops by 3–4 levels and wherever it is >80%, run-off

ontrol drops by 5–6 levels (Fig. 4). With an average annual
recipitation of 560–580 mm (mean value 1961–90), an increase
n surface run-off of up to 450 mm/a has been determined in those
reas that have been almost entirely surfaced (>80–100%) only

d
h
a
r

Fig. 4. Surface run-off
003 83 262 99

a Referring to 1940 (1940 = 100%).

fter 1990. To sum up, the smaller the amount of impervious
urface in newly developed areas, the more moderate and less
roblematic the increase in surface run-off, as there remains
nough bare soil in which the precipitation water could percolate
nd infiltrate (Tables 5 and 6). Surface run-off also increases less
everely where the soil had a poor infiltration capacity before it
as surfaced. This holds in particular for loamy soils (Fig. 5).
The increase in surface run-off is above all accompanied

y a decline in actual evapotranspiration rates. In areas with
share of impervious land of >20–40%, evapotranspiration
eclines by 100–150 mm/a; in areas where this share is very
igh (>80–100%), it goes down by as much as 450 mm/a. Over-
ll, this means that the water regime is shifting towards surface
un-off throughout the study area (Tables 5 and 6).

rates 1940–1997.
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Table 6
Water balance of the newly sealed areas in Leipzig since 1940

Proportion of impervious
land (%)

Area (ha) Evapotranspiration
(mm/a)

Surface run-off
(mm/a)

Seepage water rate (mm/a)

>0–20 1111 351–550 1–150 51–300
>20–40 626 251–450 51–250 51–250
>40–60 2547 201–350 151–300 101–200
>60–80 146 151–300 251–350 51–125
>80–100 1842 151–200
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ig. 5. Total amount of increase and decrease of groundwater recharge (Au) and
urface run-off (Ao) for surfaced land newly sealed since 1985.

Due to changes in land use, the groundwater recharge rates
n agricultural land are about 125–175 mm from East to West of
he study region, which is in line with the distribution of precipi-
ation. The amount of percolation in areas where surfacing is up
o 60% could be as much as 100 mm/a. In areas where surfacing
s >60%, percolation has declined by up to 150 mm/a.

.4. Reactions by authorities and civil society

.4.1. Federal state authorities
The German federal government has recently developed its

nterest in tackling urban sprawl. It committed itself to the aim
f reducing the rate of conversion of land from natural (or
ural) to urban land by around three-quarters, from a nation-
ide 105 ha per day today to 30 ha per day by 2020 (The federal
overnment of Germany, 2002). Thus the critics of unremitting
and-use change and its environmental consequences have even-
ually also drawn the attention of policy makers — but note that
his response is not rooted in the acknowledgement of specific
roblems in particular areas, but more in the general idea of
reserving the environment. Regarding the actual steps taken to
upport this idea, federal policy is only in the early stages and
s meeting strong resistance from lobby groups and parts of the
olitical system (Besecke et al., 2005).
.4.2. Regional authorities
Authorities at the sub-national or supra-local level, respec-

ively, in charge of ensuring the balanced development of the
erritory have been attempting to contain sprawl in the study

w
m
l
e

351–450 1–75

egion with increasing success — with regional planning being
articularly important (Herfert and Röhl, 2001). They undertake
heir efforts mainly for two reasons. Firstly, recent urban devel-
pment has been particularly dispersed and thus – at least from
planner’s point of view – calls for intervention. Secondly, it

as proved to be a waste of economic resources, leading to an
versupply of developed land and housing because population
n Eastern Germany is in decline (Lütke-Daldrup and Döhler-
ehzadi, 2004). Both the legally binding regional development
lan for Western Saxony (to which Leipzig belongs) and the
nformal plans and concepts prepared at a regional level address
nvironmental issues. The former for instance defines particular
rotection areas for the provision of drinking water. But such
egulations are mainly due to sectoral concerns – for example
n the field of water management – and do not affect develop-

ental activities in the region in general. Vice versa, the attempt
f regional planning to contain such activities – i.e. to limit the
mount of land for which development plans can be drawn up –
s little motivated by concerns about ecological issues, such as
ater balance.

.4.3. Local authorities (the city of Leipzig)
The city of Leipzig is struggling in the existing boards of

egional policy for a limitation of developments in the surround-
ng municipalities whilst it has recently developed new residen-
ial neighbourhoods and industrial areas on its own periphery.
oth these activities are prompted by the (fear of) negative

mpacts of urban sprawl on the core city in terms of popu-
ation loss, declining tax base, and withdrawal of consumer
urchasing power; they hardly reflect concerns about the envi-
onmental effects of urban sprawl. Accordingly, Leipzig’s land
reservation activities are largely focused on the city’s floodplain
orests, which contain only a small share of the region’s non-
rban land. On the other hand, following the United Nations
nitiative for global sustainability started in Rio de Janeiro in
992, Leipzig has launched a “local Agenda 21” (UNCED,
993) in order to gear its local development to the regulative
dea of sustainability. The city established an agency which
akes care of the city’s compliance with this idea. However,
his agency has only restricted financial and human resources
t its disposal and has no legal and little political power. More-
ver, its orientation to the sparing use of land does not tally

ith the city’s decision-makers preoccupation with the pro-
otion of economic development and growth. This creates a

atent conflict which most recently became obvious with the
stablishment of a large car manufacturing plant on a huge green-
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eld site which should have been preserved according to the
egional development plan. On the whole, there is little sign of
he local authority responding to the water related impacts of
prawl.

.4.4. Initiatives and activities by civil society
The most prominent response of civil society on urban sprawl

onsists in suburban advocacy groups trying to prevent fur-
her growth in their locality (Dear, 1992). Notwithstanding that
his NIMBY-type of response to sprawl does not occur around
eipzig (so far), it however reflects worries about the social
omposition of the local population, the preservation of green
pace nearby and the value of land, rather than concerns about
he environmental impact of urban development. What is more,
ommon sense has it that technology has always made it pos-
ible to bypass the inevitable interference of urbanisation with
he environment. People, therefore, tend to demand a mitigation
f the negative consequences of urban sprawl by the authorities
ather than call into question the phenomenon of sprawl itself.
ccordingly, around Leipzig we find several citizens’ initiatives

or building new (bypass) roads. On the other hand, several
ature preservation associations and environmentalist groups
xist in Leipzig which undertake various political and lobbying
ctivities in favour of a limitation of land development. These
roups however are to be seen as part of the broader environ-
entalist movement (Rink, 2002). Their existence can at best be

artly attributed to particular environmental disturbances in the
egion — and the problem of urban sprawl affecting the water
alance is not really an issue here. Moreover, when it came
o the ‘big’ decisions, such as the aforementioned establishing
f a car manufacturer or the enlargement of the airport, they
ere largely unable to influence local policy. Yet, their national
mbrella organisations have played a major part in prompting
he contemporary debate about urban sprawl in Germany, reflect-
ng the recognition of the environmental impacts of sprawl on a
roader, i.e. national, scale.

.5. Demand for urban sprawl

The actual interdependence of the environmental and societal
imensions of urban sprawl hinges on the extent to which the
esponses discussed above have an impact on the driving forces
f sprawl. As regards to the study region, such feedback how-
ver proved to be insignificant. Furthermore, no indication could
e found that the environmental impact reduces the demand
or sprawl. Although some pressure groups were found to be
responsive’ to urban sprawl their activities have not yet led to
general shift in cultural orientations or institutional settings,

et alone population dynamics or economic growth — it is in
act difficult to envision how these activities could affect the lat-
er processes. However, if they succeed in implementing new
lanning and policy strategies, the responses outlined obviously
ave the potential to alter the framework conditions of decision-

aking and action in space — even though such alteration has

o far barely taken place in the case study region. Additionally,
n the longer run they can trigger a change in norms, beliefs,
alues and preferences concerning the proper use of land which

r

l
t
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oday (not only in Leipzig) largely reflect the idea of a suburban
ifestyle (e.g. Kaplan and Austin, 2004).

. Discussion

.1. On the assessment of the effects of urban sprawl on
ater balance

The long-term observation of urban sprawl on the medium
cale has proven that it is the accumulation of impact, rather
han short-term consequences that is likely to impair a region’s
ater balance. Urban sprawl potentially leads to an increased
ood risk produced by increasing surface run-off and a result-

ng higher release of water out of the urban system. This can
estrict a city’s chances for future development in that technical
recautions necessary to mitigate these problems may become
xtremely expensive. However, it is fairly clear that the long-
erm effects of urban sprawl on the environment in general, and
ater balance in particular depend not only on the amount but

lso the distribution of the land to be developed, or the spatial
attern of land conversion, as well as the previous quality of this
and (e.g. Newman, 2000; Burchell and Mukherji, 2003). In this
espect, this paper is incomplete in that it does not account for
rban form and handles urban sprawl mainly as a problem of
uantity rather than quality. However, this shortcoming reflects
he fact that little is known about how to measure environmental
onsequences of different land-use patterns, as has been shown
y Alberti (2000) in a review of recent research work. Hence, it
s very difficult to give an account in quantitative terms of the
elation between land-use patterns and environmental variables,
uch as surface run-off or groundwater recharge. From an envi-
onmental point of view, the compact city generally seems to be
he most desirable form because it is allows the preservation of
he largest possible patches of ‘natural’ landscape. On the other
and however, intensification in existing urban areas tends to be
ccompanied by a considerable decline in environmental quality
here. This was recently shown with regard to the microclimate
y Pauleit et al. (2005) and has been illustrated for water bal-
nce in this paper. Thus, further research is required in order to
rovide scientific support for spatial planning.

.2. On the response of society to the environmental
mpacts of sprawl

The case of Leipzig demonstrates that it is mainly the upper
evels of the administrative system that respond to the impact
f urban sprawl on water balance. Overall it is for at least three
easons why other actors seem to be less concerned about this
ssue:

Firstly, except for the widespread fear of the destruction of
andscapes, the environmental impact of urban sprawl generally
ffects public rather than private interests. It is public bodies that
ave to deal with a disturbed water balance or an increased flood

isk.

Secondly, if the local budget depends on the taxation of
ocal firms and population, local authorities first of all perceive
he fiscal consequences of urban sprawl as an urgent prob-
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em (Brueckner and Kim, 2003). Its environmental impact, for
nstance on water balance, seems to be less important from the
ocal point of view, because it accumulates over a long period
f time and becomes imminent only at some stage in the future.

Thirdly, on the local level the latent conflict between the
rientation towards growth and the desire to protect the envi-
onment becomes most obvious. Especially in countries like
ermany where local authorities have considerable political

nd legal power and at the same time largely depend on the
ocal tax base, representatives and stakeholders have almost no
lternative but to try to attract investors to their own municipal-
ty, thus promoting its (spatial) growth (Gillette, 2001). Their
nvironmental concerns are usually limited to the preserva-
ion of green areas valuable for recreation purposes and – of
ourse – the negative impacts of urban sprawl in neighbouring
ommunes.

That the most important responses to the environmental
mpact of sprawl occur at a national level bears some kind of
oherence insofar as it is on this level where policies on urban
prawl can become most effective. Land-use planning on the
egional or local level may be able to shape land-use patterns,
ut has little means to exert influence on the quantity of land-use
hange (Ackerman, 1999). This requires an attempt to change
he driving forces of urban sprawl — in particular the (economic)
is-/incentives for behaviour in space (Pendall, 1999; Gihring,
999; Anthony, 2004), which are a part of the institutional con-
ext. Such dis-/incentives however are primarily set by national
tax) policy on economic development and housing. Accord-
ngly, urban sprawl has frequently proved to be largely a result
f the legal framework for urban development. This is true for
nstance of the massive urban sprawl in the US (Fishman, 1987)
nd the UK (Harris and Larkham, 1999) in the 1930s and 1940s
s well as in Eastern Germany in the 1990s with the federal gov-
rnment largely subsidising any kind of development in the area
Nuissl and Rink, 2005).

.3. On the interface and feedback between the societal and
he environmental dimension of urban sprawl

The study illustrates that the environmental dimension of
rban sprawl is connected to the societal sphere. However, when
t comes, on the other hand, to the repercussions of the environ-

ental impact of sprawl on the social world, the interrelation
etween the two spheres seems to be somewhat weaker than
nitially assumed. There is a response to urban sprawl by sev-
ral involved parties, but it is rather difficult to define the extent
o which this is due to environmental concerns. Moreover, this
esponse does not automatically elicit feedback regarding the
rban sprawl process itself (via changing its driving forces).
ather, the occurrence of such feedback will either require direct
ction from the responding actors or the raising of public aware-
ess of the environmental dimension of sprawl. However, given
ow society deals with other environmental problems, such as

nergy consumption, air pollution, and climate change, which
re even more pressing than urban sprawl, at least the latter
equirement is not very likely to occur short term. The intensity
f feedback from the environmental consequences to the causa-
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ion of urban sprawl will, therefore, mainly depend on the extent
o which those organisations that already call for public inter-
ention into the processes of land-use change are able to gain
olitical influence on spatial policy and planning. This however
ill rely not least on somewhat contingent framework condi-

ions (cf. Gainsborough, 2002), such as the social composition
f local population, polls, or unexpected events like the vast
ooding in Central Europe in 2002 which helped to sensitize
oth authorities and the public to the issue of land consumption.
ence, it is difficult to unambiguously define the feedback by

ocietal response on the causation of sprawl in a way that could
e included in a general model.

.4. On the contribution of the DPSIR-concept to the
xploration of the impact of urban sprawl

Using the DPSIR-concept as a kind of perception tool that
acilitates the interpretation of observations concerning an actual
rocess of urban sprawl has helped to understand this process,
ts consequences and potential feedback. The DPSIR-concept
hould thus be able to support stakeholders in monitoring and
ssessing the dynamics of spatial development in a particular
rea (Antrop, 2004, p. 21) as well as evaluating the policies
nacted to tackle urban sprawl (Lee et al., 1998). This may
ventually provide a source of legitimacy for efforts to steer,
r contain, urban sprawl and to promote the intensification of
rban uses on already developed land. Hence, applied by urban
olicy makers the heuristic tool of the DPSIR-concept may itself
ontribute to the strengthening of the feedback between impact
nd the driving forces of urban sprawl.

. Conclusions

Drawing on a long-term observation of land-use change in
he city of Leipzig this paper proves that urban sprawl has con-
iderable impact on the urban water balance. It highlights the
roblems that can arise in the long run due to the accumulation
f this impact on the city or regional scale and thus gives an
xample of how severely urban growth on a city’s fringes can
ffect environmental features such as water balance in quantita-
ive terms. The paper further discusses the extent to which the
mpact of urban sprawl on the water balance has a feedback on
ow society handles and regulates the use of land. It has been
ound that, even though several actors do pay attention to the
roblem of urban sprawl, they are usually not concerned about
ts impact on the environment in general, or water balance in
articular, in a specific region. It is therefore possible to con-
lude that land-use policy will not adapt automatically to the
nvironmental challenges posed by urban sprawl. Rather it is a
uestion of political argument on all levels of policy making and
patial planning whether these long-term hazardous challenges
ill be tackled.
cknowledgements
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lugla, G., Fürtig, G., 1997. Dokumentation zur Anwendung des Rechenpro-
gramms ABIMO. Mimeograph, Bundesanstalt für Gewässerkunde, Berlin.
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erfert, G., Röhl, D., 2001. Leipzig — Region zwischen Boom und Leerstand.
In: Brake, K., Dangschat, J., Herfert, G. (Eds.), Suburbanisierung in Deutsch-
land: Aktuelle Tendenzen. Leske und Budrich, Leverkusen-Opladen, pp.
151–162.

irzel, A., Hausser, J., Chessel, D., Perrin, N., 2002. Ecological-niche factor
analysis, how to compute habitat-suitability maps without absence data?
Ecology 83 (4), 2027–2036.

mhoff, M.L., Tucker, C.J., Lawrence, W.T., Stutzer, D.C., 2000. The use of
multisource satellite and geospatial data to study the effect of urbanization
on primary productivity in the United. IEEE Trans. Geosci. Remote sens. 38
(6), 2549–2556.

nterlandi, S.J., Crockett, C.S., 2003. Recent water quality trends in the Schuykill
River, Pennsylvania, USA: a preliminary assessment of the relative influ-
ences of climate, river discharge and suburban development. Water Res. 37
(8), 1737–1748.

ohnson, L., 1997. Western Sydney and the desire for home. Aust. J. Soc. Issues
32 (2), 115–128.

ohnson, M.P., 2001. Environmental impacts of urban sprawl: a survey of the
literature and proposed research agenda. Environ. Plann. A 33 (4), 717–735.
aplan, R., Austin, M.E., 2004. Out in the country: sprawl and the quest for
nature nearby. Landscape Urban Plann. 69 (2–3), 235–243.

ee, J., Tian, L., Erickson, L.J., Kulikowski, T.D., 1998. Analyzing growth-
management policies with geographical information systems. Environ.
Plann. B 25 (6), 865–879.

534



and U

L

L

L

M

M

M

N

N

N

P

P

R

R

R

S

S

S

S

S

S

T

U

V

D. Haase, H. Nuissl / Landscape
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Abstract

Demographic change and economic decline producemodified urban land use pattern and densities. Compared to the beginning of the
90s after the German reunification, nowadays massive housing and commercial vacancies followed by demolition and perforation come
to pass inmany cities of the formerGDR. In consequence, a considerable surplus of urban brownfields has been created. Furthermore, the
decline in the urban fabric affects social infrastructure and urban greenery of local neighbourhoods. Here, urban planning enters into
‘uncharted territory’ since it needs to assess the socio-environmental impact of shrinkage.

In order to carry out such an evaluation quantitatively, amulti-criteria assessment scheme (MCA)was developed and applied. Firstly, we
identified infrastructure and land use changes related to vacancy and demolition. Secondly, demolition scenarios for the coming 20 years
were applied in order to give an idea for a long-term monitoring approach at the local district level. A multi-criteria indicator matrix
quantifies the socio-environmental impact on both urban greenery and residents. Using it, we set demolition scenarios against urban ‘quality
of life’ targets. Empirical evidence comes from Leipzig, in eastern Germany, a representative case study for urban shrinkage processes.

The results show that shrinkage implies socio-environmental changes of residential livelihoods, however, does not simply increase or
decrease the overall urban quality of life. The integrated assessment of all indicators identifies environmental and social opportunities, as
well as the challenges a shrinking city is faced with.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Multi-criteria assessment; Shrinking city; Demolition; Urban greenery; Social infrastructure

1. Introduction

Increasingly, cities experience signs of environmen-
tal stress, notably in the form of ground surface sealing,
heat waves, poor air quality, excessive noise, and traffic
congestion. The speed at which land is being consumed
by urban development in Europe continues (Kasanko
et al., 2006; EEA, 2006). It has often been stated that the

enhancement of green areas has the potential to mitigate
the adverse effects of urbanisation in a sustainable way,
making cities more attractive to live in and reversing
urban sprawl. Throughout Europe, there is an increasing
requirement for more green space within and around
cities (de Ridder, 2003). As urban green and open space
plays this important role for the quality of life in cities, it
is worth involving both ecological targets and the social
criteria for local livelihoods in the assessment and man-
agement of urban green spaces (van den Berg, 2004).

But what about those cities that are shrinking and
acquiring myriad brownfields and open spaces in the
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inner or peripheral parts of compact residential struc-
tures? Here, the story of this paper begins. Current trends
in a number of European city regions provide evidence
that they are undergoing considerable changes such as
demographic ageing and out-migration due to economic
decline. Comparable to the urban growth of the early
1990s after the societal transition in the former socialist
Europe, today massive shrinkage processes and related
vacancies in the housing and commercial sector come to
pass (Hannemann, 2004). These processes produce
perforated land use patterns, i.e. decreasing housing
densities, abandoned sites and urban brownfields (Haase
et al., submitted for publication).

Particularly in eastern Germany, urban regions today
hold massive residential vacancies in non-renovated as
well as renovated housing estates. In response to this,
urban renewal programs such as ‘Stadtumbau’ (Federal
program for urban restructuring and demolition) had
been set up on the national agenda to tackle this
problem. These funds appear to have demolition as their
main program, and urban reconstruction and regenera-
tion support only as their second (Kabisch et al., 2005;
Jurczek and Köppen, 2005).

As a consequence of demolition, a considerable
surplus of brownfields and open spaces are being created.
Moreover, the decline in the urban fabric affects local
livelihoods and social infrastructure that are not prepared
for shrinkage. In the case of both, urban planning enters
‘uncharted territory’ in terms of assessing the impact of
shrinkage upon urban residents and ecosystems. Does this
shrinkage provide the opportunity to make compact cities
greener (EEA, 2006; Häußermann and Haila, 2005)?
Does it enhance the quantity and quality of urban green
spaces? Can prevailing urban structures and networks be
maintained, or do we have to navigate into a patchy urban
encounter? A review of current literature on shrinking
cities reveals a larger degree of lamentation regarding this
decline, as opposed to discussions about the positive
aspects (Wiechmann, 2003).

Urban planning is challenged by shrinkage processes
because it has to assess the social, environmental and
spatial effects of demolition on local livelihoods in the
form of qualitative and quantitative results. It is clear that
shrinkage affects more than one dimension of sustain-
ability. Many components have causal influences: the
demolition of houses impacts the openness of land but,
simultaneously, the persistence and accessibility of social
infrastructure. A surplus of open land influences both
quantity and quality of urban green. Moreover, newly
emerging open space has to be incorporated into existing
housing and green structures as well as transport net-
works. The design of new urban green corridors or

neighbourhood parks is of primary interest in order to
avoid a perforation of the urban structure, but consistently
benefit from these spatial conditions. Last but not least, it
has to be matched to a declining population.

Regarding this complex setting of causal–spatial
interaction the paper firstly focuses on the analysis of
socio-environmental pattern emerging under the process
of urban shrinkage. Generally, in the urban environment
green spaces represent a rare good in terms of recreational
facilities and biodiversity. Under conditions of shrinkage
these aspects have to be rethought in a different way as
a considerable supply of brownfields and open space
influences not only the amount of green spaces but has
different impacts on the structure and quality of urban
green and therefore on the urban ecosystem. Beside that,
determining factors for the residents' quality of life, such
as supply and quality of urban green spaces as recreational
areas as well as supply and accessibility of social and
transportation infrastructure, are changing.

The second focus of this paper investigates the devel-
opment of a framework to assess the above discussed
impacts of shrinkage upon urban ecosystems and
residents. To do this, a multi-criteria indicator matrix
using clear quantification rules and a normative set of
reference values has been developed for decision support.
GIS-based multi-criteria impact matrices (Nijkamp and
Ouwersloot, 2003; Perdicoúlis et al., in press; Perdicoúlis
and Glasson, 2006; Thérivel, 2004) have already been
applied in Environmental Impact Assessment (EIA) for
many years now. In addition to these existing studies, the
authors tested a multi-criteria assessment (MCA) scheme
for a shrinking city. In doing so, infrastructural and
housing structure changes induced by vacancy and
demolition were detected for a case study, the eastern
German city of Leipzig. Additionally, demolition scenar-
ios for the coming 20 years were incorporated into the
assessment. The multi-criteria indicator matrix quantifies
socio-ecological impacts of shrinkage and sets them
against a set of normative reference values.

2. Shrinking cities and their
socio-environmental dimension

2.1. Shrinkage1

At present, large parts of Europe are undergoing con-
siderable demographic changes (Antrop, 2004; Cloet,

1 The term ‘urban shrinkage’ is used to describe the decline,
emptying and depopulation processes in eastern German cities since
1990, which have occurred in such a massive form that it exceeds
normal urban decline rates or even depopulation processes.
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2003; Lutz, 2001; van de Kaa, 1987, 2004; Ogden and
Hall, 2000). Accordingly, processes of fertility decline,
rising life expectancy, ageing, structure and stability
changes of households influence residential mobility
enormously. The resulting modified housing demands as
well as migration flows challenge both the urban housing
market and the development of the urban land use. Along
with massive out-migration and population loss urban
shrinkage started to come into discussion in reference to
urban Europe (Wiechmann, 2003; cf. Fig. 1).

Shrinkage in particular results from an economic
decline in (most of all central and eastern) European city
regions. In addition, industrialized areas are undergoing
a demographic change in terms of fertility decrease,
child bearing postponement, ageing, individualization
of household forms and migration (Haase et al., 2005;
Bösch-Supan et al., 2005). Both, the weak economy,
low investment rates and labour-driven out-migration
are to be seen as consequences of the political transition
since 1990.

Pioneers in terms of shrinkage-experience are city
regions of eastern Germany: most of them have been
facing dramatic losses of inhabitants due to declining birth
rates, but predominantly because of job-driven migration
either to the western part of the country or to suburbia
during the 1990s (Couch et al., 2005; Nuissl and Rink,
2005; Haase and Nuissl, 2007). After 1990, eastern
German cities lost some 10 and 20% of their residents in a
very short period of almost 10 years, among them Leipzig
(mean value for big cities from 1990–1999 is about 16%;
cf. again Fig. 1). The phenomena of urban shrinkage
concomitant with “de-economisation, depopulation, and
desurbanisation” (Hannemann, 2004) and low housing
demand (Haase and Haase, submitted for publication) can

be vividly exemplified: dilapidated residential buildings
and estates, extensive brownfield and derelict commercial
sites, streets with many vacant shops, housing, offices,
underutilised social and technical infrastructure, and
neglected parks and squares (Jessen, 2006).

Only some years ago shrinkage had been handled as a
political taboo and was quasi neglected in planning.
Conversely, growth was still slated high on the political
agenda (Müller and Siedentop, 2004). Today, urban
shrinkage has been acknowledged as a process that is
going to be occurring more frequently, first and foremost
in eastern Germany. Shrinkage, this appears to be evident,
has serious implications for all dimensions of sustain-
ability and quality of life in cities. In consequence,
planners and policy makers search for new concepts to
deal with it (Table 1). Shrinkage requires new action
schemes such as restructuring, deconstruction and
‘demolition due to receipt’ in case of extreme vacancies.
But also more sensitive measures such as the innovative
reuse of abandoned land and brownfield re-development
are discussed to open a sluice for reurbanisers (Wiech-
mann, 2003; Jurczek and Köppen, 2005).

2.2. Urban renewal in eastern German urban livelihoods

Because of the serious physical decline of many
housing estates of the former GDR since the German
reunification in 1990, a set of nationally funded urban
regeneration programs had been developed and applied:
in the early 1990s the ‘Federal program of urban renewal’
(Bund-Länder-Programm ‘Städtebauliche Erneuerung’)
or ‘WENG’ (a program dedicated to enhancing the devel-
opment of prefab housing estates) has been set up. Both
programs primarily focused on the maintenance of the

Fig. 1. Growing and shrinking cities in Europe: population development between 1981 and 1996. Leipzig is in close proximity to West and East
European cities.
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core cities and their function as residential places. Later,
in the mid-1990s, due to continuing out-migration to the
West a rapid emptying of the housing stock started
(Jessen, 2006). Finally, in the late 1990s, reconstructed
old built-up housing estates were as affected by vacancy
as GDR-era prefabricated blocks.

Today, empty and devastated housing areas accom-
panied by unused infrastructure produce pattern of
‘urban perforation’ in many eastern German cities
(Lüdke-Daldrup, 2001; Haase et al., submitted). On the
one hand, urban policy makers need to counteract this
decline in the urban fabric. On the other, they are urged to
create urban livelihoods that ‘accept’ shrinkage in the

form of vacancies as long-term phenomena. Thus, urban
renewal in eastern Germany became a new attribute in
the form of the targeted reduction in prevailing empty
housing and commercial estates (Kabisch, 2005).
Additionally, urban policy makers initiated integrated
programs as a new approach to urban regeneration,
focussing not exclusively on the urban fabric, but also on
social, economic and ecological aspects (Stadt Leipzig,
2005a,b). In this vein, 1999, the action of the “Social
City” (Soziale Stadt) started to counteract the increasing
social and spatial segregation resulting from urban
shrinkage. Until recently, this program supports 390
initiatives in 260 German cities (www.sozialestadt.de).

Fig. 2. Scheme of how urban renewal competes with shrinkage and vacancy problems, and where urban green comes into play.

Table 1
Targets of growth and shrinkage (according to Wiechmann, 2003. Modified)

Growth Shrinkage

Overall goal Steering of growth and environmental impact Steering of decline and land abandonment
Concept/Plan Agenda 2030; 30 ha-target by German

Council for Sustainable Development
Federal Program for urban restructuring and
demolition (for eastern and western Germany)

New construction According to demand Supply of residential and commercial space
outweighs the demand by far

Space per resident Housing space per person (for Leipzig:
minimum 5 m2/person)

Housing space per person (for Leipzig:
minimumNN5 m2/person)

Recreation area per resident (10 m2/person) Recreation area per resident (NN10 m2/person)
Spatial structure Compact city; dispersed periphery (sprawl), evolution Perforated city (with compact clusters)
Housing structure Construction, re-densification of inner city areas,

creation of new settlements in suburbia
De-densification, deconstruction, dilapidation,
regeneration, spacious housing

Urban green and recreation Protection, definition of targets Adaptation of targets, qualitative development
Public infrastructure Centralized system Decentralized systems, adaptation to lower

demand and lower densities
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In order to regulate the enormous housing vacancies,
consequently, the action program ‘Stadtumbau’ was
implemented in 2002 (www.exwost.de). The basic idea
of this program focuses predominantly on the con-
solidation of the housing market aiming at a better
balance between housing demand and supply. Although
demolition occurs in many parts of cities such as
Leipzig, Chemnitz, Zwickau, Halle or Magdeburg, the
supply of dwellings still outweighs the demand by far
(Haase and Haase, submitted for publication). Further,
‘Stadtumbau’ is to support municipal housing coopera-
tives and private house owners who are economically
weakened by the high vacancies. In doing so, either an
up-valuation or demolition of vacant buildings is
financed (Stadt Leipzig, 2005a,b; Fig. 2).

Looking specifically at Leipzig, three different
strategies have been implemented: firstly, the already
mentioned initiative of the ‘Social City’ to foster urban
regeneration using a manifold scenery of subsidies.
Secondly, the two EU-programs “URBAN II” and
“EFRE” have been used to support regeneration of the
early-industrialised West Leipzig and to support urban
housing renewal in East Leipzig (e.g. LOOP— Leipzig
Owner Occupier Programme; EU, 2007). In terms of
urban environment, ecology and local livelihoods both

programs fund mainly actions to improve the urban
quality of life, to assist in cultural and social beliefs and
support medium and small enterprises (Table 2).

In the following empirical analysis, the paper focuses
on two typical urban structure types: the oldWilhelminian
housing estates and the large prefabricated estates of the
70s–80s (Table 3). Both types are to be found throughout
the entire city but in our analysis we focus on
representative examples to narrow down the issues of
socio-ecological features of shrinkage to the level where
impacts are measurable: firstly, the Wilhelminian housing
area in the eastern part of the city (in the following referred
to as East Leipzig) and the socialist prefab housing estate
of Leipzig-Grünau in the western periphery (Fig. 3).

2.3. Two shrinking neighbourhoods in Leipzig

Within the Wilhelminian old built-up area of East
Leipzig (here: the municipal districts of Neustadt-
Neuschönefeld, Volkmarsdorf ) we find small backyards,
a heterogeneous and patchy green infrastructure
between the housing complexes and small streets with
very limited space for front-yards and trees. East Leipzig
is dominated by close block-structures with a mainly
residential function and— as a former workers' area—

Table 2
Activities of the urban renewal “East”

Type Title Purpose Application in Leipzig

Programs of urban
development

Federal Program of Urban
renewal (SEP)

Regeneration of houses Areas of regeneration in
the core cityImprovement of public spaces

Enlargement of urban greenery
Ordinary measures

Development of new built-up
housing estates (WENG)

Improvement of housing environment
sensitive urban development of existing
dwellings and housing estates

Leipzig-Grünau
(1995–2005)

Integrated
Programs

The Social City Stabilisation of the urban fabric in
combination with economic impulses

started 1999

Renewal/creation of urban green Leipzig-Grünau (since 2006)
Regeneration of the housing estates East Leipzig (until 2002)
Reconstruction
Improvement of image and identity of local districts
Creation of identifying places

European Fund of Regional
Development (EFRE)

Support of employment initiatives East Leipzig

URBAN II (European Regional
development Fund ERDF)

Urban renewal and regeneration Leipzig-West (LOOP since
2001)

Increase urban competitiveness compared with suburbs
Federal program for urban
restructuring and demolition
“Stadtumbau Ost”

Specific program for eastern Germany due to extreme
vacancies

Leipzig-Grünau (since 2006)

Consolidation of the residential market and improvement
Deconstruction
Creation and regeneration of open spaces and public greenery
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is extremely narrow, overbuilt and mixed with small
industrial areas and technical infrastructure. Neglected
during GDR-time, East Leipzig had to register a loss of
residents amounting to 30% during recent years. The
building stock selectively reaches a share of about 50%
vacancy (Neustadt-Neuschönefeld; Stadt Leipzig,
2003). The reasons therefore are of multi-dimensional
character: a constant out-migration of inhabitants to
other parts of the city leaving the poor, unemployed and
uneducated behind (Stadt Leipzig, 2002a,b) leads to
further vacancy and devastation, which cause an
atmosphere of insecurity, precarious social conditions,
and creates a basically negative image within the city.

As one of the most visible consequences, since 2002
up to the present about 2% of the residential stock has
been demolished (Schetke, 2006). Two future demolition
scenarios have been designed: Up to 2010 about 10%
demolition is approximated for the areas of highest share
of vacancy. By 2020, the city aims at 30% dilapidation
corresponding to a prognostic share of vacancy of 14%
until then. In terms of the spatial patterns that remain
under shrinkage and such selective demolition, perfora-

tion will dominate the neighbourhoods (Lüdke-Daldrup,
2001; Haase et al., submitted for publication). The
emerging open spaces will encompass a main greenway
upgraded by structural elements such as aforestations,
additional single green, and this will be designed under
the slogan of ‘stepping stones’. Altogether, these com-
ponents form a new green infrastructural element in East
Leipzig connecting the neighbourhood with the outskirts
of the city (Stadt Leipzig, 2003).

The large prefabricated housing estate of Leipzig-
Grünau confronts us with a completely different picture:
it belongs to the largest prefab-areas of the former GDR
taking up an area of almost 9 ha. For this paper, three
housing complexes covering an area of 1 km2 each were
under investigation (Schetke, 2006). As does East
Leipzig, also Leipzig-Grünau suffers from an extreme
out-migration. Alone between 1983 and 2003, the
number of inhabitants decreased from 85,000 to
50,000 (Stadt Leipzig, 2005a,b) followed by a rising
overflow of housing space.

These developments require new urban planning
approaches that would involve a fitting of existing living

Fig. 3. Examples of urban shrinkage pattern in Leipzig-Grünau and East Leipzig.

Table 3
Shrinkage, vacancies and demolition, new open spaces for the 2 test sites of Leipzig-Grünau and East Leipzig⁎ compared to the Federal State of
Saxony⁎⁎

Indicator Leipzig-Grünau East Leipzig Saxony

Population development 1990–2004 −35,600 −5959 −123,500
Inhabitants N60 1990–2004 1676 −1,130 159,300
Residential vacancy 2004 (%) 20–30 25–N50 19.6 (2002)
Demolition of houses until 2002 (%)⁎⁎⁎ Reference housing stock

(includes demolitions until 2002)
Reference housing stock
(includes demolitions until 2002)

–

2005 (%) 6.54 2.17 –
2007/10 (%) 19.12 3.16 –

Planned demolition target 2020 (%) – 8.69 14.00

⁎ Selected parts of the respective district had been under investigation.
⁎⁎ Own calculations.
⁎⁎⁎ Housing stock of 2002 acts as reference stock N demolitions happened before 2002, therefore housing stock of 2002 is already affected by
demolition.
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spaces with decreasing population numbers by adjusting
the size of the quarter through demolition, conversion of
living spaces and reuse of brownfields in the form of
newly created follow-up landscapes named ‘Wohnfolge-
landschaften’ (Stadt Leipzig, 2002a,b). This additional
space is one of the current challenges for urban planners
to tackle (Rößler et al., 2005). By end of 2006 about 20%
of the urban fabric will have been demolished (Schetke,
2006). In contrast to East Leipzig, the urban structure of
Leipzig-Grünau is characterized by wide open lawns,
large backyards and plazas. Compared to the old built-up
structures where a deficit remains in terms of green
space, Grünau suffers from a deficit of quality of urban
green which has never been improved since the area had
been built in the 1970s and 1980s. Therefore, primary
planning goals include the qualification of green spaces
by improving them according to specific user groups as
well as the strengthening of private green spaces by
creating allotments, terraces, patios and cosy backyards
(Stadt Leipzig, 2002b; cf. again Fig. 2).

Although renewal programs provide a rough frame-
work for managing the shrinking fabric of the neigh-
bourhoods, specific concepts for the future design of
open space and greenery have to be planned in more
detail.

3. Methodology

3.1. MCA and DSS

An all-encompassing examination of pathways and
scenarios of urban renewal in a shrinking city requires an
approach depicting different dimensions of sustainabil-
ity. A Multi-Criteria Analysis (MCA) allows the
integration of manifold aspects of a problem and
considers conflicts of interest of different stakeholders
(e.g. residents) within a planning process (Nijkamp et al.,
2002; Nijkamp and Vreeker, 2000). Concerning the
definition of a sustainable state of a system or an urban
region, Nijkamp and Ouwersloot (2003) suggest a

critical (or minimum) framework of the research area
using respective Critical Target Values (CTV) for
assessment purposes (Fig. 4).

The MCA is a helpful instrument to realize regional
sustainable development when being integrated into
spatial planning (Nijkamp and Ouwersloot, 2003;
Thérivel, 2004). Beside the MCA, decision support
systems (DSS) represent another instrument in urban
planning by bundling planning alternatives and scien-
tific knowledge as well as facilitating consensus of the
stakeholders. Consequently, a combined approach of
MCA and DSS offers a tool to handle spatial decision
problems quantitatively. However, the tool does not give
an objective answer in the sense of “what to do best”
(Rauschmayer, 2000; Belton and Steward, 2002; Gal et
al., 1999). But, it supports decision makers by firstly
identifying (sustainable) decision criteria and secondly
by assessing action options referring to these criteria and
thirdly by merging the assessments analytically
(Rauschmayer, 2000; Laing, 2006). They synthesize
assessment techniques with judgement methods and
form a sound analytical base for decision analysis
(Nijkamp et al., 2002).

For this paper, criteria and indicators for two dimensions
of sustainability, the social and the ecological, have been
developed based on the interdisciplinary criteria catalogue
(ICC) produced by the ‘URGE — Urban Green Spaces'
EU-project (Coles and Grayson, 2004; Venn and Niemela,
2004; Fig. 5) and experiences from an EU-FP5-project Re
Urban Mobil on re-urbanisation processes in inner city
areas (www.re-urban.com; Haase et al., 2007, in press).
Additionally, a list of environmental target values used by
city planners in Leipzig (in German: urbane Umweltqua-
litätsziele) has been incorporated to substantiate the
assessment.

Each dimension spreads into criteria and respective
indicators being of quantitative and qualitative nature. An
interdisciplinary indicator catalogue with clear quantifi-
cation rules is one of the major outputs of this work (see
Table A1: equations and valuation). Each indicator has a

Fig. 4. Critical Target Values (CTV) used for assessment (modified according to Nijkamp et al., 2002).
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spatial dimension, and the whole catalogue is GIS-
coupled to relate it easily to spatial entities and scenarios,
which are predominantly used in planning procedures
(Phua and Minova, 2004). In the following section we
will present the individual indicators.

3.2. Indicators for shrinking environments

3.2.1. The indicator matrix
The indicator matrix represents a nested framework

starting from the dimension of sustainability (Eq. (1))

DS ¼
X
1;2;:::

CS ð1Þ

where DS is the respective dimension of sustainability
and CS the respective criterion.

Each criterion consists itself of a set of quantifiable
sustainability indicators (Eq. (2)):

CS ¼
X
1;2;:::

IS ð2Þ

where IS represents the indicator.

While exploring parts of the URGE ICC, many new
indicators had been developed and tested based on official
available data. For several indicator values (e.g. living
space) a normalization of the number of inhabitants had
been executed before the assessment. For Leipzig-Grünau,
an additional normalisation of the data by height of the
buildings and share of these buildings (floor type) of a test
area (10 ha each) had to be applied because of
the heterogeneous building structure in Grünau ranging
from 5 to 16 floors. The final set consists of 2 dimensions
and 10 criteria (the respective indicators are listed in
Table A1):

1) Ecological dimension:
a. Soil quality: The use of soil resources is one of

the most sensible aspects in urban ecology. Soil
quality, and the fulfilment of soil functions, depends
significantly on its degree of conversion and
imperviousness. The sealing of soil, and thus a
degradation of its quality, is a typical factor in each
urbanisation process. Looking at urban shrinkage, a
loss of the urban fabric and the revitalisation
of sealed areas are opportunities of (a partial)

Fig. 5. Conceptual approach.
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recovering of the soil quality. This criterion is
therefore used to evaluate these (positive) impacts
of shrinkage on soil resources.

b. Hydrology, water balance: Land surfaces have to
fulfil several functions that are highly relevant for the
urban ecosystem and highly vulnerable towards
conversion. These functions such as groundwater
regeneration, precipitation water retention or the
filtering of pollutants depend on the degree of
imperviousness. Urbanisation normally diminishes
these functions. Again, the process of urban
shrinkage offers ways to regain them and thus
contribute to a limited recovering of the urban bio-
physical system.

c. Quality of urban green: In densely populated urban
areas the demolition of buildings is considered to
have mainly positive impacts on urban green
spaces. But not only the quantity of the new green
areas needs to be monitored. Their quality and thus
a positive contribution to the urban ecosystems on
the one hand and to citizen's quality of life on the
other have to be examined, too.

d. Quantity of urban green determines the potential of
urban green infrastructure to successfully fulfil
resident's demands. It is further relevant for the
wellbeing of an urban ecosystem and its ability to
provide suitable habitats. The context of urban
shrinkage also here offers perspectives to get more
urban green at all. Therefore, this criterion is
evaluated regarding its persistence (= offer of re-
creational function and to prevent habitat fragmenta-
tion; www.urge-project.ufz.de; URGE, 2004).

2) Social Dimension:
e. Green supply: Urban green spaces are rare re-

sources which are in need of protection. They are
in demand to fulfil different functions such as
recreation and determine resident's quality of life.
In this context, urban shrinkage offers new options
for preserving urban green spaces and outweighing
a potential undersupply with recreational areas.
Not only availability and persistence have to be
measured and assessed, but properties of green
spaces as well, such as size, height and distance
to houses/roads, in order to become relevant for
recreational purposes.

f. Population: The evaluation of the population
structure is an important criterion to visualise and
to assess the effects of both urban renewal and
shrinkage. Particularly in terms of urban shrinkage,
out-migration and aging come to pass influencing
the population structure. In the examined neigh-

bourhoods these aspects are of high uncertainty. The
same is true for the (already existing) diffusion of
the social network. Set against this background, the
two questions have been raised, firstly, whether
there is any change in population decline resulting
from demolition and, secondly, whether any
integration of the local residents within urban
planning is under way.

g. Infrastructure: As a result of decreasing numbers of
inhabitants and the loss of housing substance, the
supplywith and the accessibility of facilities of social
and technical infrastructure are in flux. These
facilities often determine the quality of life of the
residents and the urban quality of a neighbourhood
(environmental standards due to BBR, ExWoSt-
Working Group “Future cities“(Schöning and
Borchard, 1992). Therefore, its reduction means a
major negative impact of shrinkage upon citizens.

h. Urban fabric and housing: Urban shrinkage is not
only determined by a decrease in total population,
but is also detectable because of its declining
building substance due to residential vacancy. In
order to come to terms with shrinkage, demolition
and renovation are implemented. Accordingly, this
criterion is not only applied to monitor quantitative
and qualitative changes in the housing stock, but
also to transfer related indicators monitoring the
living conditions of the local residents.

3.2.2. Data compilation
The availability of data on urban development in

Leipzig is fairly good. Table 4 indicates the spatially
explicit data used for the MCA and the respective impact
assessment. Compiling the database for the two test areas,
East Leipzig and Grünau, analogous and digital data were
primarily used in order to get an initial picture of the
overall data quality at district, block and building scale.

Additionally, when digital data did not provide a full
picture of the current situation or the change from a
previous state to the current one, field data compilation in
the form of mapping had been carried out. Table 5 gives
an overview of the high-grain classification of urban
greenery that had been created via mapping. Despite the
expenditure of time and budget, efforts to create such a
detailed data base on the urban open space are very
worthwhile in order to scale the impact assessment down
to the scale of alternative land (unit) uses. The results in
Section 4 prove this statement.

3.2.3. Expert interviews
A broad collection of data showing the supply with

social infrastructure has been important for depicting the

491S. Schetke, D. Haase / Environmental Impact Assessment Review 28 (2008) 483–503

545



Author's personal copy

impact of shrinkage on the social sector. Since these
individual data are scarcely or incompletely published for
a single neighbourhood, additional expert interviewswere
necessary (Schetke, 2006). Thus a series of four inter-
views were carried out, not to get a quantitative view, but
in order to gain qualitative and decision-relevant knowl-
edge on how demolition procedures actually evolve, on
future plans (still not printed) concerning school and
kindergarten closures in the respective test areas and,
finally, on greenery development that was either not
detectable via remote sensing or field mapping. This
qualitative knowledge fed the discussion of the quantita-
tive results in Section 5 and helped to set up data for some

of the indicators. For the interviews (1) the municipal
department of green planning and (2) the municipal
department of housing and urban reconstruction of the
city of Leipzig, (3) the municipal agency for education
and (4) district managers had been chosen.

3.3. Scenario building and integrated assessment

Urban land-use changes are highly dynamic. Thus, in
this paper for each indicator value a range of states had
been created following the land use development for a
time interval. This provides the user with data on the
variability and ‘typical’ change rates for the respective

Table 4
Data used

Criterion Data set Spatial and temporal resolution References; availability

Soil Urban soil map 1.50,000 Haase and Nuissl (2007)
Hydrology Model data for the long-term water

balance
1:25,000 Haase and Nuissl (2007)

Land use Topographic Map 1:25,000 Haase and Nuissl (2007)
CIR aerial photographs 1:10,000 Saxon State Agency for Environment
Cadastral Map 1:500 City of Leipzig
Field Mapping

Vegetation Biotope Map 1:10,000 Saxon State Agency for Environment
Field Mapping

Buildings, fabric Cadastral Map 1:500 City of Leipzig
Socio-demographic data Municipal Statistics Local districts City of Leipzig
Infrastructure Vector data Single features Municipal transport cooperative

Municipal Agency for Education
Residential vacancy Municipal Statistics Field Mapping Local districts City of Leipzig
Demolition Plans, Reports Field Mapping Varying City of Leipzig own exploration

Table 5
Land use classes and associated urban green

Land use type Sealing rate (%) Urban green or open land associated Reference/citation

Road 100 – Own classification
House gardens 50 Place, promenade Env. Atlas of Berlin
Open land 11 Park Env. Atlas of Berlin
Park 12 Park Env. Atlas of Berlin
Courtyard 20 Courtyard Env. Atlas of Berlin
Allotment 20 Allotment Env. Atlas of Berlin
Sports ground 45 Sports ground Env. Atlas of Berlin
Detached houses 60 House garden Env. Atlas of Berlin
Railway 80 – Env. Atlas of Berlin
Industry, commerce 89 – Env. Atlas of Berlin
Surfaced courtyard 80 Inner Courtyard Env. Atlas of Berlin
Courtyard 50 Partially sealed surface EA a Baden- Württemberg
(sealed) Fallow land 50 Partially sealed surface EA a Baden- Württemberg
Green area 11 Green area Env. Atlas of Berlin
Surfaced courtyard 100 – Own classification
School ground 50 Partially sealed surface EA a Baden- Württemberg
Playground 50 Partially sealed surface EA a Baden- Württemberg
Square 55 Place, promenade Env. Atlas of Berlin

a Environmental Agency.
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urban structure type (scenarios 2002 and 2006).Whereas
for previous states historic data on key land use elements
can be used to compile a ‘historic land use status' (Haase
et al., 2007), for the future scenarios (2007 and 2010,
2020) another methodology was applied: based on
existing planning documents and the expert interviews
mentioned above, interdisciplinary reference scenarios
were created that represent a likely future for all relevant
aspects for both test areas Leipzig-Grünau and East
Leipzig. Although the scenario time lines for both areas
differ, the goals and actions are absolutely comparable.
The time lines differ due to the fact that the program
‘Stadtumbau Ost’ is easier to apply at housing estates of
large (municipal) housing companies than at single
houses of private owners with a limited financial
background. Thus the same degree of demolition will
be reached earlier in Grünau than in East Leipzig.

3.3.1. Integration using the FLAG-model
The final integration of all indicators for both dimen-

sions of sustainability — the social and the environmen-
tal — had been carried out using the FLAG model
computed by the SAMISOFT 1.0.0 software (Nijkamp
and Ouwersloot, 2003). The FLAG Model judges
scenarios in relation to predefined standards (Vreeker
et al., 2001). It works with the critical threshold values
mentioned in Section 3.1 (CVTs; Leeuwen et al., 2003),
where each indicator is classified according to its costs or
utility values (indicator type; Fig. 6). In other words, this
typification of the indicators provides information
whether the increase or decrease in the indicator value
has a positive or negative impact on the system under
investigation.

Within the FLAG approach, calculated indicator
values are set against the background of (normative

Fig. 6. Workflow FLAG model.
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reference) standard values (CTVmin), target values
(CTV) and maximum values (CTVmax). Besides the
determination of threshold values for quantitative
indicators, the integration of qualitative indicators such
as ‘persistence of schools' has been possible with FLAG
simply by indicating 0, 1, and 2 as upper and lower
threshold values. Uncertainties due to the indicator
estimation or calculation are acknowledged by the
FLAG system since it defines a validity space and not a
concrete value that has to be matched.

4. Results: application of the indicator matrix

In this section we discuss some exemplary results of
the study on urban shrinkage and its consequences for
the socio-environment of local neighbourhoods apply-
ing the indicator matrix in the two test areas of Leipzig-
Grünau and East Leipzig. The complete list of results

obtained in the study is given in Tables A2 and A3 to be
found in the Appendix of the paper.

Startingwith the socialist prefabricated housing estates
of Leipzig-Grünau, the analysis showed that by the year
2007 about one fifth of the examined neighbourhoods of
the district will be demolished. Whereas before 2005 the
majority of the demolished buildings were of non-
renovated nature, after this date also partially renovated
houses will be subject to dilapidation. Consequently, the
share of non-renovated buildings will decrease from
b60% in 2002 to b30% in 2007. Simultaneously, the
share of renovated houses increases up to 72% (2002:
41%) caused by both decreasing building stock and
continuous renovation actions. As a result of these
changes in the urban fabric, the overall sealing rate in
Leipzig-Grünau decreases, although this decrease is
relatively small compared to the decline in the fabric:
from 60 to 58%. This is mainly due to the original

Fig. 7. Change of structural pattern in shrinking neighbourhoods 2002–2020 (LG=Leipzig-Grünau; LE=East Leipzig).

Fig. 8. Change in neighbourhood greenery and housing space 2002–2020 (LG=Leipzig-Grünau; LE=East Leipzig).
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generous availability of urban green and open space in the
whole district of Leipzig-Grünau (graphs in Fig. 8 and
calculation results in Tables A1, A2).

Looking at the Wilhelminian old-built-up multi-
storey housing estates of the neighborhoods of East
Leipzig being examined here, the share of renovated
fabric will be generally lower than in Grünau, even,
when looking further into the future, by the year 2020: it
will positively change from 63.5% (2002) to 75.3%.
About 9% of the share of the buildings will be demol-
ished by 2020 (Schetke, 2006; Fig. 7 and calculation
results in Tables A1, A2).

Assuming a further decline in the population in
Leipzig-Grünau, based on the trend since 1990, a
calculated demolition of about 20% of the whole fabric
will lead to a decrease in the housing area per resident
from 53 m2 to 42 m2 in 2007 (Schetke, 2006). Con-
versely, the mean share of urban green per resident
increases from 56 m2 to a marvellous 63 m2, a value that
exceeds the so-called minimum target value of available
urban greenery per resident of 5 m2 by 12 times (the
target of 5 m2 was set up by the city planning department
of Stadt Leipzig, 2003; Fig. 8). Coming from this general
quantitative perspective, a further differentiation of the
various forms of urban green provides more specific
information according to which of these 63 m2 are
publicly used, and if yes, whether they are conveniently
accessible for the majority of the local residents.

When computing the mean share of urban green in
the direct housing area using a 50 m-distance-buffer
around each house (= house gardens), the accessible
urban green area remains stable between 34–37 m2.
Compared to this, urban green within a distance of 5
walking minutes (= represented by a buffer of 500 m;
public urban green) increases from 9 to 11 m2 (Fig. 8).
The total amount of open space and urban green
“gained” at the final stage of the demolition program
will reach 1.61 ha, which represents some 6.5 m2 per
resident. Most of this quantified urban greenery is of a
public nature and thus accessible to all residents of
Leipzig-Grünau and all the other districts of the city.

Coming to the old built-up district of East Leipzig, in
accordance with the development of Grünau, the mean
housing area per resident will decrease from 80 m2 to
69.1 m2 by 2020. As in Leipzig-Grünau too, the mean
share of urban green per resident in East Leipzig is
considerably higher than the minimum target value
requires: it increases from 43.55 m2 in 2002 to a
comfortable 46.1 m2 in 2020.

In terms of the ecological impact of the delineated
demolition activities in both neighbourhoods, most
significant changes brought out the analysis of the

Largest Patch Index (LPI) and the Shannon's Diversity
Index (SHDI; cf. Betts, 2000). The LPI will particularly
increase in the inner parts of the blocks of houses in
Grünau (from 3.85 to 4.13). Consequently, also the
SHDI increases from 2.39 to 2.44 in 2007, offering an
increased potential for biotic life. For East Leipzig, due
to the different buildings and green structure, both LPI
and SHDI are generally lower (Tables A2; A3): the LPI
varies remarkably when looking specifically at different
land use types within the old built-up district: whereas it
increases for the inner parts (inner courtyards) of the
blocks (1.01→1.21) as well as for interspersed urban
brownfields (1.31→1.51), it decreases in small court-
yards from 3.94 to 3.19. Compared to this, the diversity
of the areas increases at the final stage of demolition in
2020 to 1.73 (Table A2).

When looking at the social impact side of shrinkage,
in Leipzig-Grünau as well as in East Leipzig, although
expected, a severe drop in the accessibility of social
infrastructure or per-capita-relations is unlikely to
happen. During all scenarios and in both test areas the
distance-values of social infrastructure (schools, retail
trade shopping facilities, main roads) do not exceed
threshold values but remain mostly positively far below
them. A single exception is the original increase in main
roads and public transport facilities. Here an increase in
distance can be shown in 2005 due to demolitions,
mainly along the main roads in. This decreases in 2007
due to reverse trends of demolition mainly within the
blocks, whereas the distance remains slightly increasing
by 2020 in East Leipzig (Tables A2; A3). The relative
proportion of inhabitants to number of schools or
kindergartens slightly increases, partly due to closures in
Leipzig-Grünau or even due to an increased number of
inhabitants in East Leipzig.

5. Discussion

The results of the study impressively show the
heterogeneity of the impact of the shrinkage process on
urban open and green space as well as on infrastructure in
different urban housing types or structural types. The
results of the study prove evidence of different urban
development pathways: whereas, due to a heterogeneous
house owner structure in the old built-up structure of East
Leipzig renewal began early, most changes occurred
afterwards in the homogeneous prefabricated fabric
structures of Leipzig-Grünau. Here, 18 housing coopera-
tives determine the residential market while the majority
of the houses in East Leipzig are in the hands of private
owners. The demolition of large housing complexes in
Leipzig-Grünau produce considerably more open space
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and a higher impact on the local livelihood than the
demolition of single houses in Eastern Leipzig that creates
a more patchy housing pattern (cf. again Fig. 3).

Although theoretically assumed, the recent demolition
phase has nearly no impact on the local sealing rate and on
the adjusted hydrological indicators. A sealing rate of
60% in 2002 which matches the upper reference value of
the average sealing rate of GDR-time prefabricated areas
(see the city of Dresdenwith 50–55%;Arlt and Lehmann,
2005) has been reduced after demolition to 58.7%. This is
mainly due to very low outlines of the residential
buildings which are enormous in height but not in the
area they cover. Furthermore, in East Leipzig the effects
have been low due to the highly spread-out locations of
demolition, but have no further negative consequence as
the sealing rate has never exceeded critical values (69% in
2002 and 67% in 2020 vs. 79% as CTVmax).

However, the contributions of the newly emerging
open spaces to an enhancement of the local green quality
should be discussed in different ways. Regarding the
configuration, related ecosystem services and therefore
the ‘value’ of the new green spaces, the indicator LAI (leaf
area index) gives themost complex overview on the green
quality of an area. In both neighbourhoods the LAI does
not indicate a significant increase in its mean value. But
going into detail, a considerable contribution to the local
green structure could be noted in East Leipzig. Here the
newly emerging green areas had a constantly higher LAI
than these in Leipzig-Grünau (LAI of 3 compared to 1.5).
This is mainly due to a planned afforestation of the new
open spaces as parts of new pocket-sized parks and green
corridors. In Leipzig-Grünau, the most common reuse of
formerly sealed areas was realised in the form of
monotonous meadows. Therefore an integration of new
open spaces in existing green corridors or in the
surrounding urban structure is only partially possible in
this neighbourhood.At this point a benefit from additional
green spaces cannot be found with either ecological or
social aspects. Therefore, one can summarize that the new
green spaces in Leipzig East are characterised by a high
LAI but are — due to the fragmented urban structure —
quite small and have therefore low impact on the overall
green quality of the neighbourhood. Contrary to that, in
Leipzig-Grünau the size of the new green spaces is— due
to the spacious urban structure — comparably high with
lower ecological quality and has therefore low impact on
the overall green quality of the neighbourhood. But beside
urban reasons, a major decisive point of this diverse
development in both neighbourhoods can be found in
regarding simple economic motives. Simple vegetated
grassland (Leipzig-Grünau) requires 15 €/m2 for land-
scaping and annual care, whereas a heterogeneous park

with different arrangements of local tree, hedgerow and
herbal species would cost 50–60 €/m2 (East Leipzig).
Coming back to the matter of size it is easy to understand
that the afforestation and integration of several small areas
into an existing green-corridor or park is economically
more feasible than the same procedure applied to many
large areas. But still, in the future it will becomemore and
more difficult to enhance either green quality or social
quality of life, as a surplus of new open spaces will
becomemore a curse than a blessing. This is because there
are nearly no ideas existing concerning the final purpose
of the new open space or green area as towhether it should
be used as a site for business, leisure or art (as pointed out
in Turner, 2006).

In terms of the quantity of urban green, positive effects
can be seen, which occurred due to demolition within the
assessed scenarios. In particular this is happening in
Leipzig-Grünau, where the ratio of public and private
green has changed to 2:1 after reaching the final demolition
state in 2007. These conditions are a particularly positive
state compared to the less favourable situation in East
Leipzig with a 0.5:1-ratio of public and private green and a
lower share of urban greenery in total. In both districts the
total area of private green will not change (e.g. no
additional gardens or internal green). Compared to a target
value of 6 m2 (UQZ) green per inhabitant, we started with
45 m2 in East Leipzig and will finish with 46 m2 in 2020.
For Leipzig-Grünau it is about 56m2 in 2002 and 63m2 in
2007. Thus, the question is more how to design these large
green spaces in a residential area.

Coming to the impact of shrinkage on social infra-
structure, one has to conclude that it is both remarkable
and visible, but does not lead to a significant decrease in
local quality of life in terms of longer distances to primary
schools, no changes in the number of kindergartens and
available leisure infrastructure until 2007/2020. Accord-
ing to planners, severe cuts in supply with social infra-
structure have already been made in recent years, leading
to an almost stable situation. This picture changes in terms
of the transport infrastructure: the accessibility of main
roads — and with that the connection to public transport
services and to supply with convenience goods — in
Leipzig-Grünau continuously increases from 2002:
250 m, to 2005: 290 m and 2007: up to 300 m, being a
consequence of the demolition of unattractive buildings
that had been affected by traffic noise. The main parts of
the shopping infrastructure in Leipzig-Grünau are in a
distance of N250 m from the housing blocks, but do not
reach the critical distance of N500 m (= maximum value).
In East Leipzig, for all scenarios (2002, 2005, 2010, 2020)
this accessibility does not change considerably and
remains within the threshold values.
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To cross-reference the future land use, environmental
and social situation against, firstly, the current state and,
secondly, policy target values, integration of the single
indicators of each criterion and dimension have been
completed using the FLAG approach (introduced in
Section 3.3; Figs. 6, 9). The approach is very valuable in
terms of the coherent consideration of qualitative and
quantitative results obtained in the study (as argued inHyde
and Maier, 2006).

Starting in 2002, Leipzig-Grünau started with many
green flags for the social dimension, but fewer for the
environmental. For the environmental dimension, we
found the highest number of red flags (Fig. 9). Coming
then to the scenario time steps of 2005 and 2007, the
general picture of the flags changed; as already discussed
for single indicators, the ecological situation is still
improving, but there remain 4 dots of red flags, and the
medium values disappear. For the social dimension the
situation worsens from 3 to 5 red flags with 9 green flags
remaining, here also the medium yellow flags decrease; in
total the picture gets more diverse with a ‘two-peak’ flag
distribution (Fig. 9).

Conversely, the socio-environmental situation in East
Leipzig obviously improves from 2002 to 2020, for both
social and bio-physical indicators the green flags increase to

a maximum of 17 flags in total, black flags remain stable at
a low level, red flags and yellow flags decrease
considerably in 2005 and in the two future scenarios
2010 and 2020.

6. Conclusions

The aim of this paper was to present a methodology and
a set of interdisciplinary indicators in order to assess socio-
environmental patterns emerging under urban shrinkage
and its impacts upon urban ecosystems and residents. We
used the urban quality of life and sustainable urban
development concepts as targets for our quantitative
indicator set.

Land use and urban fabric development in shrinking
cities are still in need of micro-scale findings of empirical
research. We presented an innovative study that differ-
entiates all the heterogeneous processes and phenomena
of shrinkage in order to illustrate its impact on the socio-
environmental urban dimensions. As a result of this study,
we have found that for a neighbourhood such as Leipzig-
Grünau, increasing demolition can lead to blurred struc-
tures, while for parts of East Leipzig it can be a blessing.

Based on the results of the MCA, the authors see
different development options for both test areas under

Fig. 9. FLAG model result for Leipzig-Grünau, a comparison of the scenarios 2002 and 2007. The colours of the columns mean: black=stop further
growth, red=reverse development needed, yellow=target value reached, green=acceptable.
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Appendix A

Table A1
Multicriteria indicator catalogue and qualification rules

Criterion Indicator Equation Target value(s)

Soil quality Degree of sealing (%)

SA ¼
Pm
i¼1

Si k½ �⁎Ai k½ �
100 k½ �

Prefab estates Tenement blocks
Sμ=sealing 20–100 59–79
A=area

Hydrology, water
balance

Surface run-off Aoμ
(mm; %) A=area

AoA ¼
Pm
i¼1

Aoi k½ �⁎Ai k½ �
100 k½ �

14.5–21.5–61.0

Seeping rate Sμ
(mm;%) A=area

SA ¼
Pm
i¼1

Si k½ �⁎A k½ �
100 k½ �

28.0–31.5–34.5

Etpμ (mm; %) A=area

EtpA ¼
Pm
i¼1

Etpi k½ �⁎A k½ �
100 k½ �

18.5–47.0–59.0

Housing floor space (m2) 0=increase,1=constant, 2=decrease

conditions of further shrinkage. Perforation turns Leipzig-
Grünau into a greener and more nature-oriented area and
creates space for more spacious livelihoods with semi-
natural biotopes. Following current trends of the housing
sector development in Germany, there is still a continuous
‘thirst for land’ by land developers and project planners
despite declining population numbers. Thus, urban expan-
sion seems to be another option, too. Districts such as East
Leipzig might counteract urban sprawl since re-densifica-
tion and re-urbanisationwill take place. Here, in particular a
quality enhancement of urban green will lead to a higher
quality of life and thus attract urban dwellers to these
neighborhoods.

Taking into account what has been found in this study,
the indicator set gives an idea for a long-term monitoring
approach of sustainable urban open space development
and urban greenery at the district level (according to the
initial ideas ofURGE, and thus as a kind of enhancement).
Scientific evidence is needed that clearly sets out the
socio-economic benefits and multiple contributions of
urban green spaces to the quality of urban life (Bryant,
2006). Only then, an influence of local decisionmaking in
European cities towards reinforcing the contribution of
the greenery to a healthy living environment is possible,
particularly for a case involving a shrinking city. The
MCA presented here provides a valuable contribution
through combining different dimensions of sustainability
when looking at urban shrinkage as required by Ravetz
(2000) or Wiek and Binder (2005).

The study has further proved that there exists a strong
overlap of the different functions of urban green such as

stated in Turner (2006): scenic value, ecological value,
hydrological value and recreational value. Normally,
these values overlap. They are not likely to be co-incident
and they are not likely to be confined to open space in
public ownership. Yet, each of them is needed by land-
scape planning in order to conserve and enhance the
quality of the environment. Still missing are indicators
looking at acceptance, utilization and economic value of
urban green (Breuste, 2003). They might supply an
answer as to whether demolition influences urban green
spaces positively, or if it has less importance. The results
of this study clearly show that the structure of the urban
fabric — huge open lawns in Leipzig-Grünau or cosy
backyards in Leipzig East— has a strong influence on the
shape of open and green spaces after demolition.

In conclusion, the development and application of
such amulti-criteriamethodology forms a sound scientific
base for an overall and more integrated socio-environ-
mental planning in relation to population, urban fabric,
green and infrastructure network of shrinking cities.
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Table A1 (continued )

Criterion Indicator Equation Target value(s)

Quality of green Leaf Area Index
(LAI) A=area

LAI ¼
Pm
i¼1

LAIi
⁎A k½ �� �

100 k½ �

b2 low, 2–5 medium, N5 high

Largest patch Index
(LPI) A=area

LPI ¼
max aij

� �n

j¼1
A

⁎100

0=decrease,1=constant, 2= increase

Shannon's
Diversity
Index (SHDI)

SHDI ¼ �
Xm
i¼1

pi ln pi
0=decrease,1=constant, 2= increase

Quantity of green Protection of green yes (0) — cond. (1) — no 2)
Total size of greenery

G ¼
Xm
i¼1

GAi

0=decrease,1=constant,
2= increaseG=greenery

GA=green area
Degree of isolation

IA ¼
Pm
i¼1

AiB k½ �⁎Bdi
� �
100 k½ �

b500 m–b1000 m–N1 km
I=isolation
A=area
Bd=buffer distance

Green supply Recreational area in
50 m distance

Green=Inh:50m ¼ greenradius 50m

inhabitants
b5 m2/inh. need for action
(target=10 m2/inh.)

Area neighbourhood
green (500 m) Green500m ¼

Xm
i¼1

greenradius 500m m&½ �
≥0,5 ha

Share greenery in local district

Dist Gð ÞB m½ � ¼
Pm
i¼1

FiB
⁎BdiB

100

within the radius of 1 km≥1 green
area N=2500 m2Dist=distance

G=green area

Maximum distance to green
N0,5 ha (within 500 m)

EGrflB m½ � ¼
Pm
i¼1

GgfFiB
⁎PdiB

100

b0,5 ha (0), =0,5 ha (1), N0,5 ha (2)
[= ≥0,5 ha of house gardens in a
distance of ≤500 m)

Population Total population
Fi ¼

A⁎100
� �

FN

Li ¼ Fi
⁎f i

LN ¼
Xm
i¼1

Lei

L Rð ÞN¼
LNP
RN

Ri ¼
Li
⁎R

� �
LN

A kð Þi;t¼
Fi;t

⁎Fi

100k

Ri ¼
A kð Þi⁎RN

� �
100k

0=decrease,1=constant, 2= increase
i=floor type
N=neighbourhood
T=test area
F=floorspace
f=number of floors
A=area
L=living space
R=resident

Xm
i¼1

Rtest area;F ¼
Pm
i¼1

Rcomplex;floortype
⁎Pm
i¼1

A kð Þurban fabric;test area k½ �
Pm
i¼1

A kð Þurb:fabric;complex k½ �

Public participation 0=decrease,1=constant, 2= increase
Infrastructure Max. distance to main roads

GgrF k½ �250B ¼
GgrF m&½ �250B⁎100 k½ �� �

GgrFTestgebiet

DRB m½ � ¼

Xm
i¼1

GgrFiB
⁎PdiB

100

N500 m–N250 m–b250 m
DR=distance to main road
B=Buffer

(continued on next page)
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Table A1 (continued ) (continued )

Criterion Indicator Equation Target value(s)

Infrastructure Max. distance to primary school
DPS=distance to supermarket GgrF k½ �500B ¼

GgrF m&½ �500B⁎100 k½ �� �
GgrFtest area t

DPSB m½ � ¼

Xm
i¼1

GgrFiB
⁎PdiB

100

Persistence of leisure facilities
Max. distance to supermarket GgrF k½ �250B ¼

GgrF m&½ �250B⁎100 k½ �� �
GgrFtest area

DSupB m½ � ¼

Xm
i¼1

GgrFiB
⁎BdiB

100

N2000 m–N1000 m–b500

0=decrease,1=constant, 2= increase
N500 m–N250 m–b250 m

Dsup=distance to supermarket
Bd=buffer distance

Persistence of schools 0=decrease,1=constant, 2= increase
Persistence of kindergartens 0=decrease,1=constant, 2= increase

Urban fabric and
housing

Share of non-renovated houses
(=Hnonren)

Hnonren k½ � ¼
Pm
i¼1

Fi m&½ �⁎100 k½ �
� �

FX
1;2;:::

i
m&½ �

0=decrease,1=constant, 2= increase

F=floorspace

Share of renovated houses
(=Hren)

Hren k½ � ¼
Pm
i¼1

Fi m&½ �⁎100 k½ �
� �

FX
1;2;:::

i
m&½ �

0=decrease,1=constant, 2= increase

F=floorspace

Share of demolition

D k½ � ¼
Pm
i¼1

Fi m&½ �⁎100 k½ �
� �

FX
1;2;:::

i
m&½ �

0=decrease,1=constant, 2= increase
D=demolition
F=floorspace

Table A1 (continued )

Table A2
Indicator matrix for both study areas, Leipzig-Grünau and East Leipzig

Test area Indicator Mean values and qualitative
assessment values

STD

Leipzig-Grünau 2002 2005 2007 2002 2005 2007

Degree of sealing (%) 60.29 59.81 58.69 5.62 5.41 5.75
Surface run-off (%) 31.51 31.23 30.58 3.25 3.12 3.32
Seeping rate (%) 27.04 27.08 27.17 0.07 0.08 0.11
Evapotranspiration (%) 42.92 43.18 43.78 3.36 3.31 3.48
Housing floor density 0.61 0.57 0.47 0.06 0.04 0.02
Leaf Area Index (LAI) 1.47 1.48 1.50 0.27 0.27 0.28
Largest Patch Index (LPI): ↓ 1 2 2
LPI house gardens 5.58 5.58 5.58 3.70 3.70 3.70
LPI open space 6.56 6.56 6.56 8.35 8.35 8.35
LPI courtyard 3.85 3.87 4.13 2.87 2.91 3.04
Shannon's Diversity Index (SHDI) 2.39 2.41 2.44 0.09 0.08 0.08
Total greenery 1 2 2
Degree of isolation [m] 251.54 251.53 251.50 2.67 2.65 2.59
Neighbourhood Recreation area (m2/ inh.)N radius 50 m 35 37 34 6.22 5.87 6.05
Total Neighbourhood Recreation area (ha)N radius 500 m 9.15 9.63 10.7 8.41 8.31 8.62
Total Neighbourhood Recreation areaN radius 1 km 1 1 2
Distance to neighbourhood greenery b500 m b500 m b500 m
Total population 10362.15 9547.48 9547.48 1000.53 816.00 816.00
Public participation 1 1 1
Distance to main roads (m) 362.33 392.76 387.05 97.44 120.13 115.76
Distance to primary school (m) 507.09 509.42 511.28 82.59 78.05 77.72
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A multicriteria flood risk assessment and mapping approach

V. Meyer & D. Haase
UFZ—Helmholtz Centre for Environmental Research, Leipzig, Germany

S. Scheuer
Martin-Luther-University Halle-Wittenberg, Institute for Geosciences, Halle, Germany

ABSTRACT: Flood risk analysis and assessment are integral parts of the flood risk management approach. 
However, some deficits can be recognised in today’s practice with regard to the following aspects: a) The focus 
of flood risk assessment is still very much on economic flood risks. Social and environmental flood risks are 
often neglected. Consequently, the results of risk assessment can be incomplete and biased. b) The spatial dis-
tribution of risks as well as of the benefits of flood mitigation measures is rarely considered. c) Uncertainties in 
the results of risk assessment are often ignored. In this paper we want to present a GIS-based multicriteria flood 
risk assessment and mapping approach. Our approach can be used for an integrated assessment of economic, 
as well as social and environmental flood risks. Furthermore, the spatial distribution of these multiple risks as 
well as of the effects of risk reduction measures can be shown by this mapping technique. Moreover, possibili-
ties are shown how to deal with uncertainties in criteria values and to demonstrate their influence on the overall 
assessment. The approach is applied to a pilot study at the River Mulde in Saxony, Germany, heavily affected 
by the hazardous flood in 2002. Therefore, a GIS-dataset of economic as well as social and environmental risk 
criteria was built up. Two different multicriteria decision rules, a disjunctive approach and an additive weight-
ing approach are used to come to an overall assessment and mapping of flood risk in the area. Both, the risk 
calculation and mapping of single criteria as well as the multicriteria analysis are supported by a software tool 
(FloodCalc) which has been developed for this purpose.

1 INTRODUCTION

The comprehensive analysis and assessment of flood 
risk is an essential part of the risk management 
approach, which is the conceptual basis for the new 
EU “directive on the assessment and management 
of flood risk” (EU 2006/C 311 E/02). However, the 
practical application of flood risk assessment still has 
to face some problems:

1. Social and environmental flood risks are often 
neglected. The term risk, defined as the prob-
ability of negative consequences (Knight 1921, 
Schanze 2006, FLOODsite Consortium 2005) 
encompasses all kinds of consequences of flood-
ing. Nevertheless, current practice of risk assess-
ment still focuses on economic damages which 
can be easily measured in monetary terms, while 
social and environmental consequences are often 
neglected. Consequently, the results of risk assess-
ment can be incomplete and biased.

2. The spatial allocation and distribution of risks as 
well as of the benefits of flood mitigation measures 
is rarely considered. For example, the evaluation 

and selection of appropriate mitigation measures 
is mostly based on their overall net benefit. There-
fore, it is often not considered which areas benefit 
most from a measure and which areas do not. This 
may lead to spatial disparities of flood risk which 
are not desirable or acceptable.

3. Uncertainties in the results of risk assessment are 
often ignored. Although sophisticated methods 
in all parts of risk analysis and assessment have 
been elaborated over the past decades in order to 
give a reasonably exact estimation of flood risk, 
the results of risk assessment are still to some 
degree uncertain or imprecise (Nachtnebel 2007, 
Downton & Pielke 2005, Handmer 2003). These 
uncertainties are often not communicated to the 
decision makers, i.e. a non-existent precision of 
estimation is pretended. This might facilitate the 
decision for the decision maker but reduces the 
scope of decision and could lead to a solution 
which is not optimal.

The methodological framework presented in this 
paper tries to tackle these three problems Hereby, the 
focus is set on the first point. In this context, multicriteria 
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analysis (MCA) is an appropriate method of incor-
porating all relevant types of consequences without 
measuring them on one monetary scale. It provides an 
alternative to the complex monetary evaluation and 
internalisation of intangible consequences.

MCA is combined with Geographical Informa-
tion Systems (GIS) in order to show the spatial dis-
tribution of flood risks and risk reducing effects, 
respectively. Finally, at least for the economic risk 
criterion a very basic approach is applied in order 
to document the uncertainties associated with flood 
risk assessment.

We expect that such integrated risk mapping 
techniques will gain importance also with regard to 
the new European “directive on the assessment and 
management of flood risk” (EU 2006/C 311 E/02). 
This directive requires, in article 6, a risk mapping of 
social, economic and environmental flood risk.

The paper is structured as follows. Our multicrite-
ria risk mapping approach is described in chapter 2, 
also showing exemplary results from a case study. In 
chapter 3 we briefly show how this approach could 
be used also for the mapping of the effects of risk 
management measures. In the final chapter our find-
ings are summarised and conclusions are drawn.

2 MULTICRITERIA RISK MAPPING 
APPROACH

In the following our multicriteria risk mapping 
approach should be introduced. This approach has been 
developed in the context of the FLOODsite-project and 
is described in greater detail in Meyer et al. (2007) and 
Meyer et al. (2008). Both, the risk calculation and map-
ping of single criteria as well as the multicriteria analy-
sis are supported by an alpha-version of a software tool 
(FloodCalc). The approach is tested at the Vereinigte 
Mulde River in the Free State of Saxony, Germany. 
This river stretch is approximately 60 kilometres long, 
i.e. the approach should be capable to deal with flood 
risk assessment on a basin scale. However, for better 
visualization, the maps in the following are restricted to 
a small 4 × 4 km section around the city of Eilenburg, 
located in the northern part of the area.

As risk indicators the evaluation criteria described 
in Table 1 are applied. With this set of criteria we con-
sider all three dimensions of sustainability. However, 
in order to keep the approach applicable this set of 
criteria is only quite small and simple. For a more 
comprehensive assessment criteria can be added or 
the given criteria might be further improved.

Table 1. Evaluation criteria for flood risk for all 3 dimensions of sustainability.

Flood risk    damage unit   
dimension Criteria Sub-criteria […/a] description method/ data

Economic Annual Average  € damages on assets  meso-scale damage
  Damage    (buildings,   evaluation approach, 
     inventories etc.)  based on official statistics, 
      land use data & depth-
      damage functions

Environmental Aggregated  Erosion  affected:  areas with erosion  data from flood in 2002 
  environmental  potential  yes/no  potential of
  risk    pollutants

  Accumulation  affected:  areas with  data from flood in 2002
   potential  yes/no  accumulation
     potential of
     pollutants

  Inundation  affected:  areas of biotopes  identification of
   of oligotrophic  yes/no  vulnerable to  vulnerable biotopes based
   biotopes   inundation  on biotope-type data

Social Annual average  number of  number of people  meso-scale approach, 
  affected    people  affected at their  based on official statistics
  population   affected  home  and land use data

 Probability of  affected:  social hots spot like point data of social hots
  social hot spots   yes/no  hospitals, schools,   spots based on own
  of being affected    old peoples homes   surveys
     etc.
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The general procedure of the multicriteria risk 
mapping approach is shown in Figure 1. Based on 
inundation depth data for flood events with a differ-
ent exceedence probability (1:10, 1:25, 1:50, 1:100, 
1:200, 1:500)1 and information on the spatial distribu-
tion of elements at risk for the different criteria (step 1) 
absolute damages or affected units, respectively, are 
calculated for these different flood events (step 3). 
Based on these different damage figures and their 
associated probabilities the expected annual aver-
age damage or flood impact is calculated (step5) by 
means of equation 1 (DVWK 1985).

D D i P
i

k

i=
=
∑ [ ]*

1

Δ
 

(1)

D i
D P D Pi i[ ]

( ) ( )
=

+−1

2  
(2)

where D  is the annual average damage, D[i] the mean 
damage of two damage estimations with a certain 

exceedence probability and ΔPi the probability of the 
interval between those points.

The units of measurement for each of the crite-
ria are shown in Table 1. Each of the different risk 
maps is then standardised to values between 0 and 1 
(step 6), weighted (step 7) and finally aggregated to a 
multicriteria risk map (step 8). All these calculations 
are carried out for grid with a spatial resolution of 
10 m. The procedure for the different criteria will be 
described in more detail in the following.

2.1 Economic risk criterion

For the assessment of the economic risk criterion a 
meso-scale damage evaluation approach is applied 
(Meyer 2005). The general procedure is the following:

The total value of assets at risk (step 1) and its 
spatial distribution are estimated based on data from 
official statistics (the net value of fixed assets for dif-
ferent economic sectors) which is then assigned to 
corresponding land use categories taken from official 
topographic data (ATKIS-DLM). In order to consider 
methodological uncertainties two different spatial 
modelling keys are applied here.

Relative depth-damage curves are then used to cal-
culate the damaged share of these values, depending 
on inundation depth (step 2). Methodological uncer-
tainties are considered here by applying three differ-
ent sets of depth/damage curves.2

Damage evaluation is carried out for every com-
bination of asset value map and damage function set, 
resulting in six different damage estimations for each 
flood event (step 3).

Based on these different damage values a mean 
damage can be calculated for each grid cell as well as 
a minimum and maximum damage value (step 4). The 
different damage estimations for the inundation events 
considered are then used to calculate the AAD accord-
ing to equation 1 (step 5). This is conducted for the 
mean as well as for the minimum and maximum dam-
age estimations so that the final output is a mean, mini-
mum and maximum AAD per grid cell, accordingly. 
The spatial distribution of the mean annual average 
damage for the city of Eilenburg is shown in Figure 2.

2.2 Environmental risk criterion

In order to assess the environmental risk of an inunda-
tion in the Mulde floodplains, three sub-criteria have 
been selected (Table 1):

Figure 1. Stepwise procedure of the multicriteria risk map-
ping approach (additive weighting approach).

2 Three different sets of damage functions were applied, 
taken from the KRIM-project at the German North-Sea 
coast (Mai et al. 2007), a damage evaluation study from 
the River Rhine (IKSR 2001), and from the Dutch standard 
method (Kok et al. 2004).

1The inundation depth for each of these events is calculated 
by our colleague Gerald Wenk from UFZ by a quasi 2D 
hydrodynamic model (HEC-RAS).
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1. The erosion potential of areas, i.e. where pollut-
ants might be mobilised during a flood.

2. The accumulation potential of areas, i.e. where 
new polluted sites might be created by a flood. 
The identification of both erosion and accumula-
tion areas is based on data from the Mulde flood 
in 2002.

3. Inundation of oligotrophic biotopes, i.e. biotopes 
which might be negatively affected by a longer 
inundation. These areas are identified by biotope-
type data for the area.

After intersecting the maps for these subcriteria 
with inundation data (step 1) a simple Boolean yes/no 
damage function is applied for each sub-criterion and 
grid cell, depending on whether the area is affected or 
not. Because the three criteria are different in terms 
of their environmental impact but may occur simul-
taneously during one unique flood event, we suggest 
calculating a sum of the values given for each sub-cri-
terion to estimate a first environmental impact poten-
tial of a flood. The list is not complete and has to be 
amplified according to both other case study require-
ments and general improvements.

Analogous to the calculation of economic dam-
age, damage maps for environmental consequences 
can be produced for each flooding event (step 3). 
Each raster cell can hereby achieve “damage val-
ues” between 0–3. Based on these different dam-
age maps an environmental risk map is calculated 
by using equation 1 (step 5). This risk value can be 
interpreted as annual average environmental flood 
impact, expressed in the point scale described above. 
In Figure 3 these values are already standardised in 
values from 0 to 1 (step 6).

2.3 Social risk criteria

As social risk criteria two quite simple indicators are 
used: the annual average affected population and the 
probability of social hot spots like hospitals, schools, 
old people’s homes etc. of being flooded (see Table 1).

For the determination of the affected population 
first of all the spatial distribution of the population is 
calculated by a meso-scale approach (step 1; Meyer 
2005). By intersecting this population density map 
with the inundation data the number of affected peo-
ple can be estimated for each event (step 3). Accord-
ing to equation 1, the number of the annual average 
affected population can be calculated (step 5; see 
Figure 3).

As “social hot spots” the locations of hospitals, 
schools, old people’s and children’s homes are iden-
tified (step 1). For reasons of simplicity we assume 

Figure 2. Annual Average Damage (AAD) (City of Eilen-
burg): mean estimation. Source: Topographic map: Lan-
desvermessungsamt Sachsen; damage estimation: own 
calculations.

Figure 3. Environmental risk: standardised values (0–1). 
Source: Topographic map: Landesvermessungsamt Sach-
sen; damage estimation: own calculations.

Figure 4. Annual affected population and social hot spots 
at risk and their probability of being flooded. Source: Topo-
graphic map: Landesvermessungsamt Sachsen; social hot 
spot risk: own calculations.
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that each of the hot spots has the same vulnerability, 
no matter e.g. the size of a hospital or school. Inter-
secting the social hot spots map with the inundation 
maps leads to the determination of affected hotspots 
per inundation scenario (step 3). By applying equa-
tion 1 an approximate estimation of the probability 
of being affected can be calculated for each hot spot 
(step 5; Figure 4).

2.4 Multicriteria decision rules

For the aggregation of the different risk maps (step 8) 
the user of the FloodCalc software tool can choose 
between two different multicriteria decision rules, a 
disjunctive approach (see e.g. Zimmermann & Guts-
che 1991) and a simple additive weighting approach 
(see e.g. Malczewski 1999).

The general idea of the disjunctive approach is that 
the decision maker has to define a threshold level 
for each criterion. E.g. in order to select areas which 
have a high risk of flooding, the decision maker has 
to determine for each risk criterion a critical value 
which defines the border between low/acceptable risk 
and high/unacceptable risk. If this threshold value 
is exceeded in only one of the criteria, the area is 
selected as a high risk area. Such a simple approach 
can be used for example for a quick screening and 
pre-selection of high risk areas.

Figure 5 shows sample results of the disjunctive 
approach for arbitrarily chosen threshold values for 
each of the criteria:

• Economic risk: >100 € (annual average damage per 
raster cell)

• Environmental risk: >0.4 (standardised environ-
mental risk)

Figure 5. Example for selected “high risk areas” by the 
disjunctive approach. Source: Topographic map: Landesver-
messungsamt Sachsen; risk estimation: own calculations.

• Population: >0.001 (annual affected people per 
raster cell)

• Social hot spots: >0.01 (annual probability of being 
flooded)

All red areas exceed the threshold value in at least 
one criterion, some areas (in darker red) in more than 
one criterion.

The additive weighting approach applies the fol-
lowing model:

V w vi jj ij= ∑
 

(3)

Where Vi is the overall value or utility of the grid cell 
i, vij is the standardised value of grid cell i regarding 
criterion j (step 6) and wj is the standardised weight 
for criterion j (step 7). I.e. a weighted standardised 
average of the single criterion values for each area 
is calculated. Figure 6 shows exemplary results if a 
relatively high weight of 0.4 is given to the economic 
and the population criterion, as these two are often 
considered as the most important protection goods.

For a real site specific assessment both approaches 
would of course require the involvement of decision 
makers in order to determine the threshold values or 
weights given to each criterion. In our examples such 
a participation of decision makers did not take place 
(yet) so arbitrary set of threshold values and weights 
are chosen.

However, the approach allows to show the sensi-
tivity of the results against different sets of weights. 
In figure 7, for example, the standardised risk value 
is shown when the social, environmental and eco-
nomic dimensions of risk are weighted equally (0.33 
each).

Figure 6. Standardised multicriteria risk: large weight on 
economic & population criteria (0.4 each). Source: Topo-
graphic map: Landesvermessungsamt Sachsen; risk estima-
tion: own calculations.
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In practice, such a sensitivity analysis of weight sets 
can be used to visualize the changes in the risk maps 
if weight sets of different stakeholder groups are used. 
But also the sensitivity with regard to uncertainties in 
the criteria values can be shown by conducting the 
same calculation with the minimum and maximum 
criteria value map. However, in our example this 
would be only possible for the economic criterion 
(see section 2.1)

3 MAPPING THE EFFECTS OF RISK 
MANAGEMENT MEASURES

The approach described in the last chapter focuses 
on flood risk assessment, which can be used for the 
identification of areas where flood risk is so high 
that mitigation measures are necessary. However, the 
next step within a flood risk management approach 
would be to develop alternative measures or projects 
for the mitigation of these unacceptable risks. In this 
context, our approach can be also used to show the 
spatial distribution of the risk reducing effects of such 
measures.

For our pilot study we calculated risk maps for the 
status quo as well as for the situation after implement-
ing all measures which are planned in the flood pro-
tection concept for the Mulde River. By calculating 
the difference in the standardised risk value between 
the situation with and without these measures the 
effect of the planned measures can be illustrated. This 
is done in Figure 8 showing the benefiting areas in 
blue (negative values = risk reduction). In this exam-
ple (and under these weighting conditions) nearly all 
flood-prone parts of Eilenburg would profit from the 

planned flood risk mitigation measures by a decrease 
of the standardised multicriteria risk of of up to 0.6 
points. However, this approach could also be used to 
identify areas which have to face disadvantages due 
to the planned measures.

4 SUMMARY & CONCLUSIONS

The approach introduced in this paper aims to improve 
flood risk assessment in three ways: Firstly, to include 
non-monetary risks in the overall flood risk assess-
ment. Secondly, to show the spatial distribution of 
these multicriteria risks. Thirdly, to show possibilities 
for dealing with the uncertainties associated with the 
criteria evaluation.

Therefore, we developed a framework for a GIS-
based multicriteria analysis which can be applied for 
an integrated assessment and mapping of flood risks. 
This approach was applied to a pilot site, the Verein-
igte Mulde in the federal state of Saxony, Germany.

First of all a set of evaluation criteria was selected 
which encompasses economic as well as environmen-
tal and social flood risk indicators. For each of the 
criteria, damage evaluation methods were applied 
in order to produce risk maps. Two different MCA 
approaches were tested in order to aggregate these dif-
ferent criteria risk maps: a disjunctive approach and an 
additive weighting approach. Our pilot study showed 
that both are appropriate for use within the framework 
of multicriteria risk mapping. The additive weighting 
approach would furthermore be applicable to show 
the spatial distribution of benefits of certain flood 
risk reduction measures. As documented for the eco-
nomic criterion, uncertainties in flood risk assessment 

Figure 7. Standardised multicriteria risk: equal weighting 
of the social, environmental and economic risk dimension 
(0.33 each). Source: Topographic map: Landesvermes-
sungsamt Sachsen; risk estimation: own calculations.

Figure 8. Change in standardised multicriteria risk due to 
measures planned in the flood protection concept (weights 
as in Figure 6). Source: Topographic map: Landesvermes-
sungsamt Sachsen; risk estimation: own calculations.
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can be considered in a simple way by calculating 
mean, minimum and maximum risk estimations.

As a further result, an alpha version of a software tool 
was developed (FloodCalc; Scheuer & Meyer 2007), 
which supports not only the calculation and mapping 
of the different damage and risk criteria, but also the 
two different MCA-procedures mentioned above.

However, our approach should be seen only as 
a first step towards an integrated risk mapping 
approach. Several points need further improvement.

Firstly, the set of criteria could be extended or 
improved and the methods for the calculation of these 
risk criteria could be further refined. Secondly, uncer-
tainties are documented only for the economic crite-
rion. This could be extended also to the other criteria. 
Finally, and maybe most important, the selection and 
weighting of criteria are crucial parts of any multicri-
teria approach which have high influence on its out-
comes. Here, rules and procedures have to be further 
elaborated for the involvement of decision makers and 
stakeholders to ensure the legitimacy of judgements.
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Abstract In this paper we develop a GIS-based multicriteria flood risk assessment and

mapping approach. This approach includes flood risks which are not measured in monetary

terms; it shows the spatial distribution of multiple risks, and it is able to deal with uncertainties in

criteria values and to show their influence on the overall flood risk assessment. Additionally, the

approach can be used to show the spatial allocation of the flood effects if risk reduction measures

are implemented. The approach is applied to a pilot study for the River Mulde in Saxony,

Germany, heavily affected by the hazardous flood in 2002. Therefore, a GIS database of eco-

nomic, social and environmental risk criteria was created. Two different multicriteria decision

rules, a disjunctive and an additive weighting approach, are utilised for an overall flood risk

assessment in the area. For implementation, a software tool (FloodCalc) was developed sup-

porting both, the risk calculation of the single criteria as well as the multicriteria analysis.

Keywords Multicriteria analysis � Flood risk � Evaluation criteria �
Risk maps � Criterion weights � Decision rules

1 Introduction

1.1 Background

In recent years, a shift in flood policy from the traditional concept of ‘‘flood protection’’

towards the new paradigm of ‘‘flood risk management’’ can be recognised (Schanze 2006).
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Flood risk management can be roughly divided into two parts (ebd.): flood risk analysis

and assessment on the one hand and risk mitigation on the other. Broadly speaking, the

purpose of flood risk assessment is to establish where risk is unacceptably high, i.e. where

mitigation actions would be necessary. Risk mitigation means to propose, evaluate and

select measures to alleviate risks in these areas.

The comprehensive analysis and assessment of flood risk is therefore an essential part of

the whole risk management concept. In this context, three deficits in today’s practice of

flood risk management can be identified:

1. Social and environmental flood risks are often neglected. The term risk is defined in

the context of flood risk management by the Eq. 1

Risk = Probability * Consequence (Gouldby and Samuels 2005) ð1Þ
which goes back to the definition of risk introduced by Knight (1921). Here, the term

consequence encompasses all kinds of consequences of flooding. Nevertheless, the current

practice of risk assessment still focuses on damages that can be easily measured in

monetary terms. More precisely, risk analysis mainly deals with damage to assets, while

social and environmental consequences are often neglected. In consequence, flood risk

management often manages only certain parts of flood risk. On that basis, an optimised

allocation and design of flood mitigation measures cannot be ensured; such an optimisation

is the more likely, the more social and environmental risk are spatially separated from

economic risks.

2. The spatial allocation and distribution of risks as well as of the benefits of flood mitigation

measures are rarely considered. For example, the evaluation and selection of appropriate

mitigation measures are mostly based on their overall net benefit. Therefore, it is often not

considered which areas benefit most from a measure and which areas do not. This may

lead to spatial disparities of flood risk which are not desirable or acceptable.

3. Uncertainties in the results of risk assessment are often ignored. Although sophisticated

methods in all parts of risk analysis and assessment have been elaborated over the past

decades in order to give a reasonably exact estimation of flood risk, the results of risk

assessment are still to some degree uncertain or imprecise. These uncertainties are often

not communicated to the decision makers, i.e. a non-existent precision of estimation is

pretended. This might facilitate the decision for the decision maker but reduces the

scope of decision and could lead to a solution which is not optimal.

The methodological framework presented in this paper tries to provide solutions for

these three problems. Here, the focus is set on the first point. In this context, multicriteria

analysis (MCA) is an appropriate method of incorporating all relevant types of conse-

quences without measuring them on one monetary scale. It provides an alternative to the

complex monetary evaluation and internalisation of intangible consequences.

The second point can be considered by mapping risks and risk reducing effects,

respectively. Geographical Information Systems (GIS) with their ability to handle spatial

data are an appropriate tool for processing spatial data on flood risk. The approach pre-

sented in this paper combines MCA with GIS. Finally, at least some possibilities will be

shown on how to deal with uncertainties in the results of risk assessment in this spatial

MCA framework. We expect that such integrated risk mapping techniques will gain

importance also with regard to the new European ‘‘directive on the assessment and

management of flood risk’’ (EU 2006/C 311 E/02). This directive requires, in article 6, a

risk mapping of social, economic and environmental flood risk.

18 Nat Hazards (2009) 48:17–39
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This paper is structured as follows. In the remainder of this chapter a brief overview of

the state of the art in the MCA of flood risk will be given. In Chapter 2 we present our

approach which is illustrated by the example of the Mulde River. Both approach and

results will be discussed in Chapter 3 before conclusions are drawn in the final chapter.

1.2 State of the art in multicriteria analysis of flood risk

There is plenty of literature on MCA or multicriteria decision-making in general (Bana and

Costa 1990; Zimmermann and Gutsche 1991; Vincke 1992; Munda 1995; Belton and

Stewart 2002). Most of these textbooks set the focus on the mathematical core of MCA, the

decision rules and the various approaches and methods existing, like Multi Attribute Utility

Theory (MAUT), Outranking, Analytical Hierarchy Process (AHP), etc. More brief

overviews of existing approaches are also given, e.g. in Merz and Buck (1999), DTLR

(2001) and Omann (2004). Others set their focus on one approach, like Keeney and Raiffa

(1993) on the MAUT approach, Drechsler (1999; see also Klauer et al. 2006) on extensions

of the PROMETHEE approach, or on the Hasse–Diagramm technique (Brüggemann et al.

1999; Pudenz et al. 2000; Simon 2003; Soerensen et al. 2004).

Spatial MCA, in contrast, is a relatively new but growing research field which is still

developing with the further improvement of GIS (Malczewski 2006). A very compre-

hensive textbook on the combination of MCA and GIS was written by Malczewski (1999).

Examples for the application and new approaches of spatial MCA are Tkach and Simo-

novic (1997); Malczewski (1999); Malczewski et al. (2003); Thinh and Hedel (2004);

Simonovic and Nirupama (2005); Malczewski (2006); Strager and Rosenberger (2006) and

Aceves-Quesada et al. (2006). For a complete review and categorisation of refereed journal

articles on spatial multicriteria decision analysis, see Malczewski (2006).

The application of MCA in general and especially spatial MCA in the context of flood risk

management is still rare: Brouwer and van Ek (2004) evaluate long-term flood risk manage-

ment options in the Netherlands with MCA using the DEFINTE software (Janssen et al. 2003).

In the UK a report on the applicability of MCA procedures in the common cost-benefit analysis

appraisal technique for flood risk management measures was written by RPA (2004) for the

responsible state department DEFRA. Also the official manual for damage evaluation in the

UK (Penning-Rowsell et al. 2003) includes a section on multicriteria evaluation of flood

protection measures. Both are based on MAUT approaches. In the federal state of Saxony,

Germany, a point-based MCA approach is used for the prioritisation of flood defence structures

(Socher et al. 2006). Bana and Costa (2004) used the MACBETH approach for the evaluation

of alternative flood control measures in Portugal. Akter and Simonovic (2005) finally deal with

flood risk management and MCA in the Red River Basin in Canada. They focus on method-

ologies to incorporate multiple stakeholders’ opinions in multiobjective decision-making.

However, all these studies do not consider the spatial dimension of flood risk.

Only few examples for the application of spatial MCA in the field of flood risk analysis and

management exist. Tkach and Simonovic (1997), for example, analyse the spatial distribution

of the multiple effects of different flood protection alternatives in the Red River Basin, using a

GIS-based variant of the Compromise Programming (CP) MCA-technique which they call

Spatial Compromise Programming (SCP). Simonovic and Nirupama (2005) expand this

approach by integrating fuzzy set techniques in order to deal with uncertainties in the eval-

uation criteria. A rather similar approach, also based on SCP, is used by Thinh and Vogel

(2006) for land use suitability assessment in the Dresden region (Saxony), also including

flood risk as a criteria. However, most of the multicriteria approaches in the context of flood

risk focus on the evaluation of flood mitigation measures instead of flood risk mapping.
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2 Approach

Our objective is to provide an approach which is capable of an integrated assessment and

mapping of economic, environmental and social flood risks. This means that firstly,

evaluation criteria have to be chosen for the different risk dimensions. Secondly, methods

have to be identified in order to assess these risk criteria in a spatially differentiated way,

i.e. risk maps have to be created for each of the chosen criteria. And thirdly, these different

risk maps have to be aggregated by means of appropriate multicriteria decision rules in

order to get an overall risk assessment and mapping.

This approach differs from multicriteria project appraisals in the context of flood risk

management, where different risk reduction measures like dikes, polders or warning systems

are evaluated by means of MCA techniques (see e.g. RPA 2004). In our case, not decision

alternatives but areas (grid cells) are assessed by multicriteria techniques in order to make

their overall flood risk comparable and to create flood risk maps. However, this multicriteria

risk mapping approach can be used in a second step also for the evaluation and mapping of

the risk reducing effects of certain flood protection measures, as shown in Sect. 4.

The Vereinigte Mulde River in the federal state of Saxony in Germany was chosen as a

pilot area (Fig. 1). The Mulde was heavily affected by the flood in August 2002. Mid-size

towns such as Grimma or Eilenburg and many smaller cities and villages had to face

serious damage (Freistaat Sachsen 2003). Our risk calculations were carried out for the

entire area. In order to illustrate the results in a higher spatial scale the following, detailed

subset maps will focus on the city of Grimma, located in the southern part of the pilot area.

Fig. 1 Pilot area: Saxonian municipalities along the Vereinigte Mulde river (grey), Mulde floodplains and
inundation area in August 2002 (blue-striped)
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2.1 Evaluation criteria

The selection of evaluation criteria is a crucial step of each MCA approach. The inclusion

or exclusion of criteria can greatly influence the results of the evaluation process. The

evaluation criteria should be complete on the one hand to make sure that the whole

problem is encompassed; on the other hand the set of criteria should be kept minimal to

reduce the complexity of the evaluation process (Keeney and Raiffa 1993). For our study

different flood risk MCA studies were examined with regard to the risk criteria they apply.

Based on this the criteria described in Table 1 were selected.

In Table 1 information is given also on the units of measurement for each criterion as

well as on the methods and data used for their evaluation. These methods will be further

explained in the following section. The rationale for selection of these criteria is on the one

hand to cover the three main dimensions of flood risk: economic, social and environmental

risks. On the other hand this list is kept minimal and simple for reasons of applicability. For

a more comprehensive analysis it might be desirable to extend this set by more criteria and

to improve the criteria. Therefore it would also be advisable to include decision makers and

stakeholders in the selection process.

2.2 Criteria evaluation: risk maps

For each alternative or grid cell the performance of each criterion needs to be evaluated.

Regarding GIS-based flood risk assessment, the result is a risk map for each criterion. Our

basis for the assessment of flood risk in the pilot study is the definition of risk expressed by

eq.1 (Gouldby and Samuels 2005):

Risk ¼ Probability * Consequence ð1Þ
In other words, this is the expected annual average damage of flooding, where ‘‘dam-

age’’ covers economic, social as well as environmental negative consequences. For the

practical application of flood risk assessment this means that the damage has to be eval-

uated for flood events of different probability. Based on these damage evaluations for

different events a damage-probability curve can be constructed (see Fig. 2). The risk (or

the annual average damage), as we use this term in our paper, is shown by the area or the

integral under the curve.1 However, the exact run of the curve is often not easy to specify

as only a few points on it are known. Hence, in most cases an approximation is made by

calculating risk with the following formula (DVWK 1985; Eqs. 2 and 3):

�D ¼
Xk

i¼1

D½i� � DPi ð2Þ

1 It should be noted that this risk formula is often criticised especially in social science for several reasons
(see e.g. Banse and Bechmann 1998): Firstly, it implies that an ‘‘objective risk’’ exists and can be measured.
This is often not the case because of large uncertainties in the data, variations in time and very complex
perceptions and evaluations of risks among people. Secondly, the risk formula suggests that risk is somehow
naturally given. In contrast to that sociologists like Renn (1998) argue that risk is always associated with
human decisions or actions: ‘‘risks refer to the possibility that human actions or events lead to consequences
that affect aspects of what humans value’’. With regard to flood risk this means that this current risk situation
(whether it can be quantified or not) is always a product of human actions or decisions, like for example to
settle in the floodplain (or not), to build up protection measures (or not), etc. These aspects should be kept in
mind when assessing risks. We nevertheless use the risk formula in the following as we believe that even an
uncertain estimation of a risk measure can be a valuable information basis for new human decisions.
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D½i� ¼ DðPi�1Þ þ DðPiÞ
2

ð3Þ
�Dis the annual average damage with D[i] = mean damage of two known points of the

curve and DPi ¼ Pi � Pi�1j j = probability of the interval between those points. Equa-

tions 3 and 4 assume a linear run of the curve between each of the known points.

The basis for all our damage evaluations in the Mulde pilot site is inundation data for

events of different exceedance probability (1:10, 1:25, 1:50, 1:100, 1:200, 1:500), calcu-

lated by a quasi 2D-hydrodynamic modelling (HEC-RAS)2. For each of these events the

inundation depth and thus the inundation area is held in a grid with a spatial resolution of

10m (Fig. 3).

2.2.1 Economic risk

For the economic risk criterion, flood damage for each of the events mentioned above is

calculated by means of a meso-scale damage evaluation approach (Meyer 2005, for the

description of other damage evaluation approaches see e.g. Messner et al. 2007). The

overall procedure is the following:

1. The total value of assets at risk and its spatial distribution are estimated based on data

from official statistics which is then assigned to corresponding land use categories.

Therefore, first of all, the net value of fixed assets is taken from official statistics

(system of national accounts) for different economic sectors at the level of the federal

state, in this case the federal state of Saxony. The value of stocks, which is not

included in fixed assets, is estimated by assuming a typical relation between fixed

assets and stocks for each economic sector, which is also derived from official

statistics. The value of private household inventories, which is also not included in

fixed assets, is estimated by an approximate value per square metre taken from

D
am

ag
e

ExceedanceProbability
1/51/201/1001/200

D1

D2

D3

D4

Rtotal

Fig. 2 Damage-probability curve.

2 This hydrodynamic modelling was done by Gerald Wenk, Helmholtz Centre for Environmental Research,
Department Aquatic Ecosystem Analysis and Management.
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insurance data. Secondly, these values of fixed assets for each economic sector in

Saxony are disaggregated to municipality level by using the number of employees as

an allocation key. That is, for each economic sector the value of fixed assets per

employee is calculated for Saxony and then multiplied by the number of employees in

these sectors in the municipalities in order to estimate the total value of fixed assets in

each municipality. Thirdly, these values are assigned to land use categories which

correspond to the respective sectors. As land use data source ATKIS-DLM data is used

(digital landscape model of the official topographic-cartographic information system).

Although ATKIS is currently enhanced in this respect, it does not yet provide

information on single buildings in the Mulde area. Instead it shows aggregated areas

with more or less the same use, e.g. residential areas, industry and commercial areas,

farm- or grassland, etc. By cross-checking the definitions of land use categories with

that of the economic sectors an allocation key is developed, which assigns the value of

each sector to one or more land use categories. For example, the value of the sector

private housing is assigned to the land use categories residential areas and areas of

mixed use. By assigning all values to the corresponding areas in a GIS and dividing the

values by the area, a final map of the total value of assets (as well as of its components)

per square metre can be produced (cf. Fig. 4).

2. Relative depth/damage curves are then used to calculate the damaged share of these

values, depending on inundation depth. Such damage functions show the average

susceptibility of each sector against inundation depth. Here, different sets of damage

functions from other studies were applied (cf. Fig. 4).

Fig. 3 Expected inundation depth for a 200-year flood event (City of Grimma). Source: Topographic map:
Landesvermessungsamt Sachsen; Inundation data: Calculation by Wenk and Rode 2007
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Methodological uncertainties in damage evaluation are shown by applying (1) different

spatial modelling keys of asset value to land use categories and (2) different sets of depth/

damage curves, i.e. (a) damage functions used in the Dutch standard method (Kok et al.

2004), (b) damage functions used in the damage evaluation for the River Rhine (IKSR

2001) and (c) damage functions used in the KRIM-project at the German North-Sea coast

(Mai et al. 2007).

For each grid cell a mean damage can be calculated based on these different damage

values as well as a minimum and maximum damage value. According to the risk formula

mentioned above (Eq. 2) an annual average damage per raster cell is calculated based on

the different damage estimations for inundation events of different exceedance probabil-

ities (such as 1:10, 1:25, 1:50, 1:100, 1:200, 1:500). This is conducted for the mean as well

as for the minimum and maximum damage estimations so that the final output is a mean,

minimum and maximum annual average damage per grid cell, accordingly (cf. Fig. 4).

The mean annual average damage calculated for the pilot area is shown in Fig. 5.

2.2.2 Environmental risk

In order to assess the environmental risk of an inundation in the Mulde floodplains, three

sub-criteria have been selected (Table 2). A simple Boolean yes/no damage function is

applied for each criterion and grid cell, depending on whether the area is affected or not.

Because the three criteria are different in terms of their environmental impact but may

Fig. 4 Evaluation procedure for the socio-economic dimensions of flood risk: population, social hot spots
and economic values
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occur simultaneously during one unique flood event, we suggest calculating a sum of the

values given for each sub-criterion to estimate a first environmental impact potential of a

flood. The list is not complete and has to be amplified according to both other case study

requirements and general improvements.

Analogous to the calculation of economic damage, damage maps for environmental

consequences can be produced for each flooding event. Each raster cell can hereby achieve

‘‘damage values’’ between 0 and 3. Based on these different damage maps an environ-

mental risk map is calculated by using Eq. 2. This risk value can be interpreted as annual

Fig. 5 Annual average damage (AAD) (City of Grimma): mean estimation. Source: Topographic map:
Landesvermessungsamt Sachsen; damage estimation: own calculations

Table 2 Sub-criteria of environmental flood risk assessment

Indicator/criterion Potential
damage
(risk)

Explanation/notes

Yes No

Erosion 1 0 Where erosion of fine grain material occurs pollutants might be
mobilised and transported (pollutants = heavy metals bond to clay
minerals and organic matter; nutrients such as phosphorus)

Accumulation 1 0 Same as erosion but creation of new polluted sites due to accumulation
of the transported material

Inundation of
oligotrophic biotopes

1 0 A longer inundation ([1 h) of oligotrophic biotopes might negatively
affect these biotopes in the form of eutrophification or drop in the
number of species

Final assessment
P P

Aggregated environmental risk criterion

26 Nat Hazards (2009) 48:17–39

123
589



average environmental consequence, expressed in the point scale described above. In

Fig. 6 these values are already standardised in values from 0 to 1.

2.2.3 Social risk

The spatial distribution of the affected population is calculated by a meso-scale approach

more or less in the same way as the asset values (Meyer 2005). Therefore, the number of

inhabitants is taken from official statistics on municipality level and broken down to cor-

responding land use categories. By intersecting this population density map with the

inundation data the number of affected people can be estimated for each event. According to

Eq. 2, the number of the annual average affected population can be calculated (Figs. 4, 7).

As ‘‘social hot spots’’ the locations of hospitals, schools, old people’s and children’s

homes are identified. For reasons of simplicity we assume that each of the hot spots has the

same vulnerability, no matter the size of a hospital or school or if it is a primary or

secondary school. Such differentiations would lead to a more precise evaluation of social

hot spots, but they should be conducted by experts in this field for each study. Furthermore,

such more detailed information could be easily included in the dataset later on and a

sourcecode enhancement by introducing e.g. weighting terms can be done promptly.

Intersecting the social hot spots map with the inundation rasters leads to the determination

of affected hotspots per inundation scenario. By applying Eq. 2 an approximate estimation of

the probability of being affected can be calculated for each hot spot (Figs. 4, 8).

All methods chosen here to estimate the different risk criteria (inundation modelling as

well as damage evaluation) are fairly approximate approaches.

Fig. 6 Environmental risk (City of Grimma): standardised values (0–1). Source: Topographic map:
Landesvermessungsamt Sachsen; damage estimation: own calculations
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2.3 Multicriteria decision rules

The decision rule defines the way the uni-dimensional measurements are aggregated to an

overall evaluation under consideration of the weights given to each criterion. It can

therefore be considered as the core of MCA. Several approaches exist which are suitable

for spatial MCA like conjunctive/disjunctive approaches, AHP, CP, the Hasse-Diagramm

technique, MAUT or Outranking approaches.3 Finally, two approaches were selected, the

disjunctive approach and an MAUT approach (simple additive weighting), to be imple-

mented in our software tool and tested for our pilot site at the Mulde River.

The general idea of the disjunctive approach is that the decision maker has to define a

threshold level for each criterion. For example, in order to select areas which have a high

risk of flooding, the decision maker has to determine for each risk criterion a critical value

which defines the border between low/acceptable risk and high/unacceptable risk. If this

threshold value is exceeded even in only one of the criteria, the area is selected as a high

risk area. This simple approach seems to be appropriate for a quick screening and pre-

selection of high risk areas.

The general concept of the MAUT additive weighting approach is to generate a

weighted average of the single criterion values for each area (or alternative). Given a set of

evaluation criteria and a set of alternatives to be compared as well as scores for each

alternative in each criteria and a set of weights for each criterion, the procedure for this is

the following:

Fig. 7 Annual affected population (City of Grimma). Source: Topographic map: Landesvermessungsamt
Sachsen; inhabitants: own calculations

3 For a further description of these approaches, see e.g. Zimmermann and Gutsche (1991); Malczewski
(1999); Tkach and Simonovic (1997); Thinh and Vogel 2006); Soerensen et al. (2004); Keeney and Raiffa
(1993); Drechsler (1999).
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1. Standardise the criteria scores to values (or utilities) between 0 and 1.

2. Calculate the weighted values for each criterion by multiplying the standardised value

with its weight.

3. Calculate the overall value for each alternative by summing the weighted values of

each criterion.

4. Rank the alternatives according to their aggregate value.

Both approaches allow decision makers to participate actively in the assessment pro-

cess, i.e. during the disjunctive approach the decision maker can determine the threshold

value between low and high risk for each criterion. For the MAUT approach the decision

maker has to determine the weights given to each criterion. Our approach provides the

possibility to carry out the point allocation approach, a rating technique where 100 points

have to be allocated among the criteria, as well as the swing weight approach. Here, the

criterion ranked first is given 100 points and the following criteria receive points according

to their relative importance to the preceding criterion. The determination of both the

threshold value and the weights is a crucial part of the overall assessment as they sig-

nificantly influence the overall results.

2.4 Software tool FloodCalc

All computations are carried out by the software tool FloodCalc (Scheuer and Meyer

2007). It allows the uploading of GIS-grid data of inundation depth, value of assets,

inhabitants, environmental values and to combine them with different sets of depth-damage

function thereby producing damage and finally risk grids. FloodCalc computes the

expected annual damage �D; or the annually affected social and environmental units,

Fig. 8 Social hot spots at risk and their probability of being flooded (City of Grimma). Source:
Topographic map: Landesvermessungsamt Sachsen; social hot spot risk: own calculations
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respectively. Furthermore the tool incorporates both multicriteria decision rules mentioned

above and allows decision makers to determine threshold values for the disjunctive

approach and criterion weights for the MAUT approach (see Annex 1).

3 Results and sensitivity analysis

Figure 9 shows sample results of the disjunctive approach for arbitrarily chosen threshold

values for each of the criteria:

• Economic risk: [100 € (annual average damage per raster cell)

• Population: [0.001 (annual affected people per raster cell)

• Social hot spots: [0.01 (annual probability of being flooded)

• Environmental risk: [0.4 (standardised environmental risk)

All red areas exceed the threshold value in at least one criterion, some areas (in darker

red) in more than one criterion.

A sample result of the MAUT additive weighting approach is shown in Fig. 10. In this

case a weight of 0.4 is given to both the population and the economic risk criterion,

because both are often seen by decision makers as the primary protection goals. The

environmental and social hot spot criteria are both provided with a weight of 0.1.

The maps presented above are exemplary results of this multicriteria risk mapping

approach. Several factors have a large influence on the results. First of all, the weights

given to the criteria have a major impact on the outcomes. The sensitivity of the results

depending on the allocation of weights among the different criteria can be shown by

Fig. 9 Example for selected ‘‘high risk areas’’ by the disjunctive approach. Source: Topographic map:
Landesvermessungsamt Sachsen; risk estimation: own calculations
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varying the weights, e.g. by giving one of them an arbitrary large weight. Figure 11 shows

for example the results if a weight of 0.625 is given to each one of the criteria.

Furthermore, variations in the criteria scores could have a major impact on the overall

results. As described in the beginning the results of flood risk assessment are still highly

uncertain. This is of course also true for the risk maps described in the preceding chapter.

All the methods used for the assessment and mapping of the different criteria are

approaches which are appropriate for an approximate estimation of the spatial distribution

of risks on a basin scale.

However, in detail their results can be highly uncertain. As described above we tried to

document the criteria score uncertainty at least during the estimation of the economic risk

criterion by calculating a mean, minimum and maximum annual average damage,

depending on the spatial modelling of asset values and the set of damage functions chosen.

Figures 12 and 13 show how such a change of the value of one criterion affects the overall

results. Both calculations for the minimum and maximum annual average damage value

are carried out with the same weighting as in Fig. 10, where the mean value of annual

average damage was used.

Looking at the sensitivity of the parameter weighting for the risk value distribution in

the test area we found the formerly discussed examples (cf. Figs. 10, 11–13) to have a

similar risk value distribution with a dominant peak in the lower value area (0.085–0.255)

as well as a second subdominant peak in the medium value area (0.425–0.51). The criteria

weighting approach dedicating the highest weights to the ‘‘potentially affected’’ population

results in higher numbers of cells with very high risk values ([0.765; Fig. 14) compared to

the equal weights approach or the ecologically sensitive approach.

Fig. 10 Standardised multicriteria risk: large weight on economic and population criteria (0.4 each).
Source: Topographic map: Landesvermessungsamt Sachsen; risk estimation: own calculations
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Fig. 11 Sensitivity analysis for weights: standardised multicriteria risk with large weight (0.625) on
economic (top left), environmental (top right), population (bottom left) and social hot spot criterion (bottom
right). Source: Topographic map: Landesvermessungsamt Sachsen; risk estimation: own calculations

Fig. 12 Standardised multicriteria risk—criteria score sensitivity: minimum value of AAD (weights as in
Fig. 10). Source: Topographic map: Landesvermessungsamt Sachsen; risk estimation: own calculations
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Fig. 13 Standardised multicriteria risk—criteria score sensitivity: minimum value of AAD (weights as in
Fig. 10). Source: Topographic map: Landesvermessungsamt Sachsen; risk estimation: own calculations
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4 Multicriteria project appraisal

As mentioned in the beginning, our approach mainly focuses on flood risk assessment, i.e.

the identification of areas where flood risk is so high that mitigation measures are nec-

essary. However, the next step within a flood risk management approach would be to

develop alternative measures or projects for the mitigation of these unacceptable risks. In

order to find the best alternative, these projects have to be compared not only by their costs

but also with regard to their risk reducing effects. The following should give at least a short

impression of how these multicriteria risk maps described above could also be applied for

the appraisal of flood risk reduction measures.

For our pilot study we calculated risk maps for the status quo as well as for the situation

after implementing all measures which are planned in the flood protection concept for the

Mulde River. By calculating the difference in the standardised risk value between the

situation with and without these measures, the effect of the planned measures can be

illustrated. This is done in Fig. 15 showing the benefiting areas in blue (positive val-

ues = risk reduction). It can be seen that in this example (and under these weighting

conditions) especially the city centre of Grimma would profit from the planned flood

protection measure by a decrease of the standardised multicriteria risk of about 0.2–0.3

points. While typical cost-benefit analyses for risk reduction measures consider only the

overall risk reducing effect, our approach also shows the spatial distribution of benefits.

5 Discussion

In the previous sections we demonstrated for a test area how our approach can be used to

create multicriteria risk maps as well as to determine the risk reducing effects of flood risk

Fig. 15 Change in standardised multicriteria risk due to HWSK measures (weights as in Fig. 10). Source:
Topographic map: Landesvermessungsamt Sachsen; risk estimation: own calculations
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management projects. However, like sensitivity analysis has shown, the results are of

course especially dependent on the weights given to the different criteria. Figure 11 shows

that especially urban areas will receive high risk values if large weights is given to the

social and economic criteria, whereas a higher weight on the environmental criterion leads

to higher risk values in the more rural areas. This underlines the point that the determi-

nation of weights together with decision makers is a crucial part of a multicriteria approach

(Munda 2006, Proctor and Drechsler 2006). In our pilot study this was not done. For a

‘‘real’’ multicriteria decision support this would, of course, be an important step in the

whole process. The question who is allowed and legitimised to participate in such a

decision-making process seems to be another important research task.

There are also some other points where further improvement of the approach seems to

be desirable: The set of risk criteria used in our pilot study can be considered only as a first

attempt to cover the economic as well as the environmental and social dimension of risks.

For a more comprehensive study it should be verified whether more criteria should be

included in order to show a more complete picture of flood risk. It may for example be

useful to also include cultural heritage sites as a criterion or to also incorporate the

potential environmental benefits of flooding.

Furthermore, the criteria used could be further elaborated, e.g. information on vulner-

able groups could be integrated in the population criterion. The environmental criterion

should also be further developed e.g. by specifying the functional relationships between

flood characteristics and environmental effects in more detail. Even the economic criterion,

which required most effort among the criteria used, is calculated by a meso-scale approach.

If more precise results were required here, this could be replaced by a micro-scale

approach.

With regard to the multicriteria decision rules applied, the additive weighting approach

is a very basic form of a MAUT approach. In order to represent the stakeholders’ pref-

erences on single criteria in a better way e.g. value functions could be developed together

with the decision makers and integrated into the decision rule for criteria standardisation.

Furthermore a comparison with other decision rules, like Compromise Programming,

would be interesting.

Finally, only a very basic approach has been used to document uncertainties in the

evaluation of the economic criterion, considering the uncertainties due to different spatial

allocation keys and different sets of damage functions used. Other sources of uncertainty in

risk mapping e.g. with regard to the determination of event probabilities, inundation

modelling or asset value statistics are not considered in our approach. For a real project it

would be furthermore necessary to document uncertainties in all criteria and not only one.

6 Conclusions

In this paper we have shown an approach to improve flood risk assessment in three ways:

Firstly, to include non-monetary risks in the overall flood risk assessment. Secondly, to do

this in a spatially differentiated way, i.e. to describe also the spatial distribution of these

multicriteria risks. Thirdly, to show possibilities for dealing with the uncertainties asso-

ciated with the criteria evaluation.

Therefore, we developed a framework for a GIS-based MCA which can be applied for

an integrated assessment and mapping of flood risks. This approach was applied to a pilot

site, the Vereinigte Mulde in the federal state of Saxony, Germany.
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First of all, a set of evaluation criteria was selected which encompasses economic as

well as environmental and social flood risk indicators. For each of the criteria, damage

evaluation methods were applied in order to produce risk maps. Two different MCA

approaches were tested in order to aggregate these different criteria risk maps: a disjunctive

approach and an additive weighting approach. Our pilot study showed that both are

appropriate for use within the framework of multicriteria risk mapping. The additive

weighting approach would furthermore be applicable to show the spatial distribution of

benefits of certain flood risk reduction measures. Regarding the consideration of uncer-

tainties, at least for the economic criteria, an approach was shown as to how such

uncertainties can be documented and dealt with.

As a further result, an alpha version of a software tool was developed (FloodCalc;

Scheuer and Meyer 2007), which supports not only the calculation and mapping of the

different damage and risk criteria, but also the two different MCA procedures mentioned

above. For a more comprehensive application, our approach should be further developed

with regard to the criteria used, the methods for their evaluation and the inclusion of

uncertainties. Further attention should also be given to methods and rules for including

decision makers into the assessment process.
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Annex 1: FloodCalc tool

FloodCalc is a software tool written in Python to carry out various flood damage/risk

assessment calculations. The utility is raster-based and allows the import and export of the

ASCII grid file format that can be written and read by most GIS software. The usage of

ASCII grid files enables the user to incorporate various data sources, i.e. raster output from

non-GIS programs, into an analysis. The usage of Python makes it easy to migrate the

program to different operating systems, as the language is available for all major OS. The

source code can but must not be compiled, so that an adaptation of the application to

specific questions, or enhancements in general, can easily be accomplished.

FloodCalc requires various input data in the mentioned raster format, primarily inun-

dation depth, value of assets, social statistics data (i.e. a population distribution or socio-

economic points of interest) and environmental values, as described earlier. By assigning a

depth-damage function to each asset category during the raster import process, FloodCalc

is able to compute the relative and absolute damage per raster cell for each asset category.

All intermediate grids are stored internally, and can be exported to an ASCII grid file if

needed.

In the current development stage, social data loaded into the program is analysed by

intersecting the grid of inundation depth with each social data layer, thereby deducing

inhabitants or social hotspots affected by a particular flood event. Environmental data is

dealt with in a similar approach: In a first step, affected grid cells per environmental value
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layer are determined by intersecting each raster with the inundation depth, with the

Boolean values 0 for non-affected pixels and 1 for affected pixels being assigned to

temporary grids respectively. In a second step, all previous results are aggregated. These

analysis capabilities could be extended in future versions of the program by implementing

depth-damage functions for specific social or environmental value categories.

Furthermore, annual damage can be computed for a series of inundation events. To do

so, the user has to provide a set of damage raster and the corresponding occurrence

probabilities. The software will then compute the expected annual economic damage �D; or

the annually affected social and environmental units, respectively, using the Eq. 2.

FloodCalc also offers two basic approaches for a MCA: a simple additive weighting and

a disjunctive approach. The implemented additive weighting procedure normalizes the

input rasters, being annual damage for assets as well as affected environmental and social

values, according to three normalization procedures the user can choose from: linearly over

the whole range of values, per threshold defined in standard deviation units added to the

mean value of a grid, or by providing a user-defined threshold value. All normalized grids

are then weighted and summed up, the weights being previously allocated to each criterion

by the user and normalized by the program. If an initial and final weights set and the

desired number of steps are provided, FloodCalc automatically alternates the weights and

exports the desired number of raster maps as ASCII grids. The utility also lets the user

choose to export the normalized, intermediate grids.

The disjunctive approach allows the user to select specific raster cells by entering a

threshold value for each grid that is analysed. Hence, FloodCalc automatically selects those

pixels with a cell value higher than the chosen threshold for each layer, by assigning the

Boolean value 1 to the respective cells. The selected cells are then aggregated. Like

described above for the additive weighting approach, the user can also allocate weights to

each layer prior to aggregation.

Further modifications of the utility should aim to improve the overall performance at

first, and only later on implementing new features such as weighting functions for dif-

ferently sized and functionally variable social hot spots or the improvement and extension

of the implemented MCA approaches. It is suggested to refacture parts of the code in order

to achieve the aforementioned points. This has already been done partially to increase the

number of grid cells the software can handle. So far, the utility can handle about 4.2

million grid cells per raster, which covers an area of about 400 km2 in a resolution of

10 9 10 m.
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Aceves-Quesada F, Dı́az-Salgado J, López-Blanco J (2006) Vulnerability assessment in a volcanic risk
evaluation in Central Mexico through a multi-criteria-GIS approach. Nat Hazards 40(2):339–356

Akter T, Simonovic SP (2005) Aggregation of fuzzy views of a large number of stakeholders for multi-
objective flood management decision-making. J Environ Manag 77(2):133–143

Bana E, Costa CA (1990) Reading in multiple criteria decision aid. Springer, Berlin
Bana E, Costa CA, Da Silva PA, Nunes Correia F (2004) Multicriteria Evaluation of Flood Control

Measures: The Case of Ribeira do Livramento. Water Resour Manag 18(21):263–283
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sediment/soil environment at the river basin scale.

ABSTRACT
Flood risk assessment is an essential part of flood risk management, a concept that is becoming more and more popular

in European flood policy and is part of the new European Union flood directive. This paper gives a brief introduction into

the general concept and methods of flood risk assessment. Furthermore, 3 problems in the practical application of flood

risk assessment, particularly on the river basin scale, are discussed: First, uncertainties in flood risk assessment; second, the

inclusion of social and environmental flood risk factors; and third, the consideration of the spatial dimension of flood risk.

In the 2nd part of the paper a multicriteria risk mapping approach is introduced that is intended to address these 3

problems.

Keywords: Risk assessment Flood Multicriteria analysis

INTRODUCTION: FLOOD RISK ASSESSMENT AND
MANAGEMENT

In recent years a shift in flood policy in Europe from the old

concept of ‘‘flood protection’’ or ‘‘flood defense’’ to the new

paradigm of ‘‘flood risk management’’ can be recognized

(Schanze 2006; Johnson et al. 2007). To simplify matters,

flood protection aims at preventing flood hazards up to a

certain magnitude by providing a certain protection level

(e.g., against floods up to an exceedence probability once in

100 y). Such protection levels are mostly established by

means of structural measures such as dikes, reservoirs, flood

polders, or river channel improvements

In contrast, flood risk management does not only considers

the hazard but also the possible consequences. Therefore,

flood risk management measures not only aim to control flood

waters but also consider possibilities to reduce the vulner-

ability for flooding; for example, by reducing the number of

elements at risk and/or their susceptibility (Messner and

Meyer 2006). Furthermore, flood risk management attempts

to adjust flood protection to the risk situation by concentrat-

ing risk reduction measures to areas with high expected

damage in order to spend public funds in an economically

efficient way (Messner and Meyer 2006).

Flood risk management can be broadly divided in 2 steps

(Schanze 2006): Flood risk assessment and flood risk

reduction. While the objective of risk assessment is to provide

information on current or future flood risks in order to find

out where these risks are unacceptable high, risk reduction
aims at finding measures to decrease flood risk. Thereby, the

whole spectrum of flood risk reduction measures is consid-
ered. That means measures aimed at reducing the flood

hazard, like dikes or retention measures, are taken into
account, but also measures that focus on the reduction of
vulnerability, like land use restrictions in the flood plain,

warning systems, or insurance.

This concept of flood risk management is the basis for the

new European Union ‘‘directive on the assessment and
management of flood risk’’ (Directive 2007/60/EC). This

directive prescribes risk assessment and mapping as well as
the development of flood risk management plans, aimed at
reducing adverse consequences (see especially Articles 4, 6,

and 7 of the directive). Furthermore, the directive deter-
mines that these actions should be carried out at a river basin

scale.

The term risk is understood in the context of flood risk
management as the probability of negative consequences

(FLOODsite Consortium 2005; Schanze 2006). By consid-
ering the negative consequences or damage of floods for the

whole range of probabilities, flood risk can be expressed as
the expected annual average damage due to flooding,
whereas damage covers economic, social, as well as environ-

mental consequences. This understanding goes back to the
definition of risk introduced by Knight (1921; e.g., Köck

2001; Hansjürgens 2004). Especially in social science this
definition of risk is often criticized because it suggests that
risk is something measurable, objective, and naturally given

(e.g., Banse and Bechmann 1998), but the measurability of
risk is often restricted, for example, because of high
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uncertainties. Furthermore, sociologists like Renn (1998)
argue that risk is not naturally given but is always associated

with human decisions or actions. We nevertheless apply this
risk formula in the following because we believe that even
an uncertain estimation of a risk measure can be a valuable

basis of information for new human decisions.

For the practical application of flood risk assessment, flood
damage has to be estimated for flood events of different

probability in order to construct a damage-probability curve
(see Figure 1). The risk (or the annual average damage) is
shown by the area or the integral under the curve. An

approximation of this area can be expressed using the
following equations (DVWK 1985; Eqns.1 and 2):

D̄ ¼
Xk

i¼1

D½i�3 DPi ð1Þ

D½i� ¼ DðPi � 1Þ þDðPiÞ
2

ð2Þ

where D̄ is the annual average damage, D[i] the mean damage

of 2 known points of the curve, and DPi ¼ jPi � Pi�1j the
probability of the interval between those points.

This shows that the ex-ante evaluation of flood damages is

an essential part of risk assessment. A large variety of
approaches currently exists for the estimation of flood
damage. Usually they deploy the following kind of input data
in order to estimate flood damage (Messner et al. 2007):

� Inundation characteristics, such as data especially on the

estimated area and inundation depth of a flood event,
calculated by hydrodynamic models;
� Information on number and type of the exposed elements

at risk (people, properties, biotopes, etc.), usually
gathered from land use data sources;
� Information concerning the value of these elements at risk

(either in monetary or nonmonetary terms);
� Information on the susceptibility of these elements at

risk, usually expressed by depth–damage relationships.

Apart from these general components, damage evaluation
approaches differ considerably in detail. Regarding their
spatial scale and accuracy level the existing methods can be
broadly differentiated into macro-, meso-, and micro-scale
approaches (Messner et al. 2007). Macro-scale approaches
often rely on land use information with a low spatial
resolution and/or low typological differentiation in order to
reduce the effort of analysis and hence permit considering
large river basins as a whole (see IKSR 2001; Sayers et al.
2002). Micro-scale approaches (for example, Penning-Row-
sell et al. 2003) on the other hand try to achieve more
accurate results by applying very detailed, object-oriented
land use data, as well as value and susceptibility information.
However, this requires more effort, which often restricts
these approaches to small areas. Meso-scale approaches (for
example, Klaus and Schmidtke 1990; Kok et al. 2004) fit in
somewhere between macro- and micro-scale approaches with
regard to both accuracy and effort. Hence, they are often
applied in small- or medium-sized river basins, coastal
stretches, or dike ring areas. In our example in the second
part of this paper, we therefore apply a meso-scale approach
for the Mulde River basin.

As this last example shows the new approach of flood risk
management still has to face problems with regard to its
practical application, especially on a river basin scale. Three of
these practical problems will be described in the following
section. After that, a multicriteria risk assessment approach
will be briefly introduced which considers these 3 problems.

CURRENT PROBLEMS IN RISK ASSESSMENT ON A
RIVER BASIN SCALE

Uncertainties in risk assessment: A trade-off between
accuracy and effort

Even though great improvements within methods of flood
damage evaluation and risk assessment have been made
during the last decades, the uncertainties in the results are still
high; for example, due to data problems in all parts of risk

Figure 1. Damage–probability curve.
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analysis (Handmer 2003; Downton and Pielke 2005; Nacht-
nebel 2007; Apel et al. 2008). These uncertainties cannot be
reduced completely. Hence, an objective flood risk may exist
but will never be exactly quantified.

However, as stated above, flood risk assessment approaches
differ concerning the degree of accuracy they are able to
achieve. Thus, it is a question of which degree of uncertainty
in flood risk assessment one is willing to accept with respect
to the objective of the study. The choice of an appropriate risk
assessment approach is hence always a trade-off between
accuracy and effort. In order to support decisions on concrete
risk reduction measures for a specific site, detailed micro-scale
approaches should be applied. On the other hand these
micro-approaches are mostly not applicable on a river basin
scale due to their high effort and enormous data require-
ments. For flood risk assessment on a river basin scale,
therefore, mainly macro- or meso-scale approaches are
applied, which could lead to considerable uncertainties in
the results, especially with regard to the spatial accuracy of
the results, because land use data sources or damage functions
with a high level of aggregation are applied.

In any case, pseudo-accuracy should be avoided by
documenting and, if possible, quantifying the uncertainties
within the risk assessment results. This can be either
documented by a range (i.e., a lower and upper and maybe
a mean value), by a standard deviation figure, or by means of a
probability distribution.

Thereby, the request for transparent documentation of the
uncertainties of risk assessment can be satisfied (Köck 2001).
However, it should be noted that risk assessment should not
be the only decision-determining criteria but only one source
of information within the decision-making process.

Social and environmental flood risks are often neglected

The current practice of flood risk assessment as described at
the beginning of this paper still focuses on economic damages,
especially damage to buildings and their inventories. In
contrast, social and environmental effects of flooding—for
instance, loss of life, stress, or destruction of biotopes—are
often not considered or considered in a very limited manner.
This is partly because they are not, or at least not easily,
measurable in monetary terms and hence not comparable with
economic damages. In consequence, flood risk assessment is
often incomplete and hence biased, because an important
intangible part of the overall risk is neglected. This should be
modified by the new European Union flood directive (Direc-
tive 2007/60/EC), which demands in Article 6 a risk assess-
ment and mapping of social, economic, and environmental
flood risk and also directly refers to the Water Framework
Directive (Directive 2000/60/EC). However, an aggregation of
these different risk dimensions is not necessarily required.

Nevertheless, approaches exist that make it possible to
include the ‘‘intangible’’ effects in an overall risk assessment.
The traditional approach of environmental economics would
be to monetize such public goods by methods like contingent
valuation or hedonic pricing (Hanley and Spash 1993).
However, such valuations of life and environmental goods
are still often criticized and not only due to ethical reasons
(see e.g., Hansjürgens 2004 for a discussion of such
criticisms).

Another way of including intangibles in an overall assess-
ment is multicriteria analysis (see e.g., Keeney and Raiffa
1993; Malczewski 1999). Here, each criterion can be

measured on its own scale. Generally speaking, the key to
the aggregation of the different risks is a weighting of the
different criteria. This requires an involvement of decision
makers and stakeholders in the assessment process.

The spatial dimension of risks and risk reducing effects is
often not considered

The spatial distribution of risks as well as the effects of flood
mitigation measures is rarely taken into account. Thus, the
evaluation and selection of appropriate reduction measures are
mostly based on their overall net benefit. Therefore, it is often
not considered which areas benefit most from a measure and
which areas do not. This may lead to spatial disparities of flood
risk that are not desirable or even acceptable.

Furthermore, little attention is given at present to the
effects flood risk reduction measures have to areas down-
stream in the river basin. So, for example, for the evaluation
of dikes often only local risk reducing effects are considered as
benefits while negative effects on the flood peak in down-
stream areas are neglected.

MULTICRITERIA RISK MAPPING APPROACH
In the following discussion, an approach is briefly intro-

duced that is intended to address the 3 problems mentioned
above. This multicriteria risk mapping approach has been
developed in the context of the FLOODsite-project and is
described in greater detail in Meyer et al. (2007) and Meyer et
al. (2008). By combining GIS-based risk mapping with
multicriteria analysis (Malczewski 1999) our approach is able
to show the spatial distribution of risks and to consider not
only economic but also social and environmental risk criteria.
At least for the economic risk criterion a very basic approach
is applied in order to document the uncertainties associated
with flood risk assessment. The approach is tested at the
Vereinigte Mulde River in the Free State of Saxony, Germany.
This river stretch is approximately 60 km long (i.e., the
approach should be capable of dealing with flood risk
assessment on a basin scale). However, for better visual-
ization, the maps in the following are restricted to a small 4 3

4 km section around the city of Eilenburg, located in the
northern part of the area.

As risk criteria the evaluation criteria described in Table 1
are applied. With this set of criteria we consider all 3
dimensions of sustainability (the social, economic, and
environmental dimensions). However, in order to keep the
approach applicable this set of criteria is quite small and
simple. For a more comprehensive assessment, criteria can be
added or the given criteria might be further improved.

The general procedure of the multicriteria risk mapping
approach is shown in Figure 2. The basis for all damage
evaluations is inundation depth data for flood events with a
different exceedence probability of discharge (1:10, 1:25,
1:50, 1:100, 1:200, 1:500) calculated by Wenk (Schanze et al.
2008) using HEC-RAS, a quasi 2D hydrodynamic model
(www.hec.usace.army.mil/software/hec-ras/). This is com-
bined with information on the spatial distribution of elements
at risk for the different criteria (Step 1) in order to calculate
absolute damage or affected units, respectively, for these
different flood events (Step 3). Based on these different
damage figures and their associated probabilities the expected
annual average damage or flood impact is calculated by means
of Equation 1 (Step 5). The units of measurement for each of
the criteria are shown in Table 1. Each of the different criteria
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risk maps is then standardized to values between 0 and 1

(Step 6), weighted (Step 7), and finally, aggregated to a

multicriteria risk map (Step 8). All these calculations are

carried out for a grid with a spatial resolution of 10 m. The

procedure for the different criteria will be described in more

detail below.

For the economic risk criterion we focus on direct damages,

like damage to buildings and inventories, because this is the

most important economic damage category (Messner et al.

2007). For the assessment of direct damages a meso-scale

damage evaluation approach is applied (see Meyer 2005). The

general procedure is the following: The total value of assets at

risk (Step 1) and the spatial distribution are estimated based on

data from official statistics combined with land use data. For

different economic sectors the net value of fixed assets, which

includes residential and nonresidential buildings and fixed

inventories as well as the value of stocks and household goods,

are calculated based on official statistics. The different value

categories are then assigned to corresponding land use

categories, taken from ATKIS-DLM, the German official

topographic data source. In order to consider methodological

uncertainties 2 different spatial modeling keys are applied here.

Relative depth–damage curves are then used to calculate

the damaged share of these values, depending on inundation

depth (Step 2). Methodological uncertainties are considered

here by applying 3 different sets of depth–damage curves.
Three different sets of damage functions were applied, taken
from the KRIM project at the German North-Sea coast (Mai
et al. 2007), a damage evaluation study from the River Rhine
(IKSR 2001), and from the Dutch standard method (Kok et
al. 2004). Damage evaluation is carried out for every
combination of asset value map and damage function set,
resulting in 6 different damage estimations for each flood
event (Step 3).

Based on these different damage values a mean damage can
be calculated for each grid cell as well as a minimum and
maximum damage value (Step 4). The different damage
estimations for the inundation events considered are then
used to calculate the annual average damage according to the
Equation 1 (Step 5). This is conducted for the mean as well as
for the minimum and maximum damage estimations so that
the final output is a mean, minimum, and maximum annual
average damage per grid cell, accordingly. The spatial
distribution of the mean annual average damage for the city
of Eilenburg is shown in Figure 3.

In order to assess the environmental risk of an inundation
in the Mulde floodplains, 3 subcriteria have been selected
(Table 1):

1. The erosion potential of areas (i.e., where pollutants
might be mobilized during a flood).

Table 1. Evaluation criteria for flood risk for all 3 dimensions of sustainability

Flood risk
dimension Criteria Subcriteria

Damage unit
[. . ./year] Description Method/data

Economic Annual average
damage

E Damages on
assets (buildings,
inventories etc.)

Meso-scale damage
evaluation approach,
based on official
statistics, land use data,
and depth–damage
functions

Environmental Aggregated
environmental risk

Erosion
potential

Affected: yes/no Areas with
erosion
potential of
pollutants

Data from flood
in 2002

Accumulation
potential

Affected: yes/no Areas with
accumulation
potential of
pollutants

Data from flood
in 2002

Inundation of
oligotrophic
biotopes

Affected: yes/no Areas of biotopes
vulnerable to
inundation

Identification of
vulnerable biotopes
based on biotope-type
data

Social Annual average
affected population

Number of people
affected

Number of people
affected at their
home

Meso-scale approach,
based on official
statistics and land
use data

Probability of
vulnerable
community locations
of being affected

Affected: yes/no Vulnerable
community locations
like hospitals, schools,
elderly peoples’ homes,
etc.

Point data of
vulnerable community
locations based on
own surveys
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2. The accumulation potential of areas (i.e., where new

polluted sites might be created by a flood). The

identification of both erosion and accumulation areas is

based on data from the Mulde flood in 2002.

3. Inundation of oligotrophic biotopes (i.e., biotopes which

might be negatively affected by a longer inundation).

These areas are identified by biotope data for the area.

Since we were aiming to develop a simple assessment tool

we focused on a limited number of subcriteria for the

environmental risk. For regional stakeholders in the Mulde

basin the 3 criteria listed were the most crucial showing what

material re-allocation occurs in the riparian zone during the

flood (subcriteria 1 and 2) and where more long-term affected

sites that might be irreversibly damaged (subcriterion 3) are.

The area size is an appropriate proxy for all 3 criteria

representing the potential risk existing. The data recorded for

the delineation of environmental risk zones stem from a study

on the remote-sensing and GIS-based identification of the

areas affected by the Mulde flood in 2002 (Haase et al. 2003).

After intersecting the maps for these subcriteria with

inundation data (Step 1) a simple Boolean yes/no damage

function is applied for each criterion and grid cell, depending

on whether the area is affected or not. Because the 3 criteria

are different in terms of their environmental impact but may

occur simultaneously during one unique flood event, we

suggest calculating a sum of the values given for each

subcriterion to estimate a first environmental impact poten-

tial of a flood. The list is not complete and has to be amplified

Figure 2. Stepwise procedure of the multicriteria risk mapping approach.
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Figure 3. Annual average damage (AAD) (City of Eilenburg): Mean estimation.

Figure 4. Environmental risk: Standardized values (0–1).

22 Integr Environ Assess Manag 5, 2009—V Meyer et al.

609



according to both other case study requirements and general

improvements.

Analogous to the calculation of economic damage, damage

maps for environmental consequences can be produced for

each flooding event (Step 3). Each raster cell can hereby

achieve ‘‘damage values’’ between 0 and 3. Based on these

different damage maps an environmental risk map is

calculated by using Equation 1 (Step 5). This risk value can

be interpreted as annual average environmental flood impact,

expressed in the point scale described above. In Figure 4 these

values are already standardized in values from 0 to 1 (Step 6).

As social risk criteria 2 very simple indicators are used: The

annual average affected population and the probability of

vulnerable community locations like hospitals, schools, and

elderly people’s homes being flooded (see Table 1). The

annual average affected population is chosen as a criterion

because it is a simple but comprehensive indicator for the

flood risk of the local population in general. The social hot

spot criterion is chosen in order to emphasize a bit more on

spatial concentration of people with a high susceptibility, like

children, the elderly, or chronically ill people.

For the determination of the affected population, first of all

the spatial distribution of the population is calculated by a

meso-scale approach (Step 1; Meyer 2005). By intersecting

this population density map with the inundation data the

number of affected people can be estimated for each event

(Step 3). With ‘‘affected people’’ we mean the number of

inhabitants whose home or at least the first floor of their

dwelling is flooded, regardless of how many of these

inhabitants are at home at that time and on which floor of

the building they live. According to Equation 1, the number

of the annual average affected population can be calculated
(Step 5; see Figure 5).

As ‘‘vulnerable community locations’’ the locations of
hospitals, schools, and homes of the elderly and children are
identified (Step 1). For reasons of simplicity we assume that
each of the community locations has the same vulnerability,
no matter, for example, the size of a hospital or school. For a
more detailed study it would of course be desirable to include
more variables that would express the vulnerability of each
community location. Intersecting the vulnerable community
locations map with the inundation maps leads to the
determination of affected community locations per inunda-
tion scenario (Step 3). By applying Equation 1 an approx-
imate estimation of the probability of being affected can be
calculated for each vulnerable community location (Step 5;
Figure 5).

For the aggregation of the different risk maps (Step 8) a
simple additive weighting approach is used (see e.g.,
Malczewski 1999). The general model for this is

Vi ¼
X

j

wjvij ð3Þ

Where Vi is the overall value or utility of the grid cell i, vij is
the standardized value of grid cell i regarding criterion j (Step
6), and wj is the standardized weight for criterion j (Step 7).
This means a weighted standardized average of the single
criterion values for each area is calculated.

For a real site-specific assessment this would of course
require the involvement of decision makers in order to
determine the weights given to each criterion. In our
example such a participation of decision makers did not
take place (yet) so arbitrary set of weights are chosen. Figure

Figure 5. Annual affected population and vulnerable community locations at risk and their probability of being flooded.
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6 shows, for example, the results if a relatively high weight of

0.4 is given to the economic and the population criterion, as

these 2 criteria are often considered as the most important

protection goods.

However, the approach also allows showing the sensitivity

of the results against different sets of weights. In Figure 7, for

example, we compare the risk value distribution of the area

shown in Figure 6 for different weight sets. In addition to the

weight set displayed in Figure 6 (Mean_Pop4) it also includes

4 different weights set where a large weight of 0.4 is given to

each one of the criteria (Pop4, Econ4, Ecol4, and Hot4). All

weight sets show a very high number of square meters with

Figure 7. Comparison of risk value distribution for different sets of weights: Large weight (0.4) on the economic and population criterion (Mean_pop4), on the
population (Pop4), on the economic (Econ4), on the environmental (Ecol4), and on the vulnerable community location criterion (Hot4).

Figure 6. Standardized multicriteria risk: Large weight on economic and population criteria (0.4 each).
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very low risk values (0.001–0.1). The ‘‘Mean_pop4’’ weight
set, which assigns large weight to 2 criteria, has a further
subdominant peak in the value area 0.3 to 0.4 while the other
weight sets show subpeaks in lower risk values (0.1–0.3).

In practice, such a sensitivity analysis of weight sets can be
used to visualize the changes in the risk maps if weight sets of
different stakeholder groups are used. In real world decision
situations often several different stakeholder groups with
different preference structures are involved in the decision-
making process. Representatives from a nature conservation
organization, for example, will likely give a high weight to
environmental criteria, while representatives from a chamber
of commerce will tend to give high weight on economic
criteria. Our approach can be used to compare the results of
different weight sets in order to find compromise solutions.
But the sensitivity with regard to uncertainties in the criteria
values can also be shown by conducting the same calculation
with the minimum and maximum criteria value map.
However, in our example this is only possible for the
economic criterion.

SUMMARY AND CONCLUSIONS
The new paradigm of flood risk management is obviously

getting more and more popular in flood policy in Europe, and
it is the conceptual background for the new European Union
flood directive. The assessment of flood risks is an essential
part of this approach. This paper briefly described the general
concept of assessing flood risk as well as different approaches
for flood damage evaluation.

We furthermore outlined 3 problems in the current
practical application of flood risk assessment:

1. How to deal with uncertainties in the results of flood risk
assessment;

2. How to include social and environmental flood risks;
3. How to properly consider the spatial distribution of

flood risks.

We introduced a multicriteria risk mapping approach
which tries to consider these 3 problems. First, at least for
the economic criterion, methodological uncertainties in the
results are documented by mean, maximum, and minimum
risk values. Second, our approach includes an exemplary set of
economic as well as social and environmental flood risk
criteria. These different criteria can be aggregated by means of
a multicriteria decision rule being a simple additive weighting
approach. Third, the spatial distribution of flood risks as well
as risk reducing effects can be displayed by a GIS-based risk
mapping approach (i.e., all risk assessment calculations are
carried out for a grid with a resolution of 10 m).

However, our approach should be seen only as a first
attempt to deal with these problems. The approach still has
some limitations and further research tasks can be identified.
First, with regard to uncertainties, our approach documented
such uncertainties only for the economic criterion. Further-
more, only 2 sources of model uncertainties were considered:
Uncertainties resulting from the choice of the spatial
allocation key and the set of damage functions. Uncertainties
resulting from the inundation model used were not yet
considered. Hydraulic models show some uncertainties
especially in urban areas, where fluid water flow modeling
is highly complex due to the variety of urban structures and
thus fluid flow cannot be expressed as overland flow.
Furthermore, the documentation of uncertainties in flood

risk assessment is of course only a first step. Further research
is still needed on how to deal with such uncertain information
in the decision-making process in flood risk management and
how to determine an appropriate level of accuracy for the
different decision problems.

Second, our approach showed how social, environmental,
and economic risk criteria can be aggregated, but it also
unveiled how important the involvement of decision makers
in the evaluation process is, as the selection of criteria and the
determination of weights given to them substantially deter-
mine the results of the assessment process.

In our example we did not involve stakeholders yet, so the
exemplary results shown are still arbitrary. However, liter-
ature provides some examples and procedures for how to
integrate stakeholders in multicriteria analysis (e.g., Proctor
and Drechsler 2006). Consequently, the next step would be
to interlink such participation approaches with our multi-
criteria assessment approach.

Third, a number of problems also arise from the mapping
of flood risk. The accuracy of spatial flood risk assessment
depends on the resolution of the underlying grid. However,
the use of high resolution grids is limited by at least 2 factors:
Computational implementation (i.e., system memory avail-
ability and addressing) and the level of detail and resolution of
the corresponding input data like inundation and land use
data. This also means that the mapping of flood risk is always
associated with inaccuracies or uncertainties and the right
level of spatial resolution is maybe not easy to find.
Furthermore, if spatial disparities are identified by risk
mapping it is still an open question how to deal with them.
Our approach is able to identify high risk areas but it does not
yet answer the question of how much they should be reduced
and how risk reduction efforts can be distributed ‘‘fairly’’ in
river basins (cf. Johnson et al. 2007).
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Klimawandel, Küstenschutz und Risikomanagement in Nordwestdeutschland:

Die Perspektive 2050. Munich (DE): Oekom. p. 75–92.

Malczewski J. 1999. GIS and multicriteria decision analysis. New York (NY): John

Wiley and Sons.

Messner F, Meyer V. 2006. Flood damage, vulnerability and risk perception—

Challenges for flood damage research. In: Schanze J, Zeman E, Marsalek J,

editors. Flood risk management—Hazards, vulnerability and mitigation

measures. Berlin (DE): Springer. p 149–167.

Messner F, Penning-Rowsell E, Green C, Meyer V, Tunstall S, van der Veen A. 2007.

Guidelines for socio-economic flood damage evaluation. FLOODsite-Report

T09-06-01. www.floodsite.net.

Meyer V. 2005. Methoden der Sturmflut-Schadenspotenzialanalyse an der
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