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Executive summary

Background and motivation

As a salient and rapid human-induced change on the Earth’s surface (Gao & O’Neill, 2020;
Seto et al., 2012), built-up land expansion has been an important sustainability concern (Acuto
et al., 2018). The increasing impacts of built-up land expansion on sustainable development
have heightened the use of spatial planning as a policy tool to contain built-up land expansion
across the world. This dissertation emerged from two gaps between spatial planning and land-
system science. The non-conformance of built-up land expansion to spatial planning is
common worldwide, most research, however, did not answer the question of (1) how built-up
land expansion would have differed in the absence of spatial planning and (2) why non-
conforming built-up land expansion happens, persists, and spreads. These two raise doubts on

the credibility of spatial planning and hinder theoretical developments in land-system science.

China is one of the world’s hotspots of built-up land expansion (M. Li et al., 2022; Seto et al.,
2011). China’s government has implemented many spatial plans, e.g., land use planning, urban
planning, Major Function Oriented Zone (MFOZ), to contain rapid built-up land expansion.
However, numerous plan evaluations indicated limited success of these spatial plans in
containing built-up land expansion, as rapid expansion of built-up land often did not follow
established planning regulations (T. Liu et al., 2020; Shao et al., 2018; Shen et al., 2019; L.-G.
Wang et al., 2014; Zhong et al., 2014). Against this background this dissertation evaluates the
causal effect of spatial planning in containing built-up land expansion and explores the
characteristics and drivers of non-conforming built-up land expansion in southeastern China.
The specific methods and findings were published in three peer-reviewed scientific journals,

and the contents of this dissertation are based on these three articles as a cumulative format.

Research objectives
This dissertation aims to add valuable new knowledge that can better understand the
contribution of spatial planning to land use changes. The two research gaps mentioned above

prompt the two key research objectives at the center of this dissertation. The first research



objective is to broaden the understanding of how plan effect is defined. This dissertation defines
the causal effect as the difference between the actual built-up land expansion and the
counterfactual built-up land expansion that would have occurred without spatial planning. The
causal effect of spatial planning was estimated in southeastern China (Zhangzhou City and
Fujian Province) using two quasi-experimental methods. The second research objective is to
improve the understanding of why large amounts of built-up land have expanded in areas that
are non-conforming with uses by planning regulations. The quantity, location, expansion types,
and drivers of non-conforming built-up land expansion were analyzed in Zhangzhou City

between 2010 and 2020, via conformance-based evaluation and spatial autoregressive models

Data and methods

Multiple spatial data were used in this dissertation. Land use data (1995, 2000, 2005, 2010,
2013,2015,2018, and 2020) were obtained from Data Center for Resources and Environmental
Sciences, Chinese Academy of Sciences (RESDC) (http://www.resdc.cn). The land use data
had a vector format and were manually interpreted from Landsat TM and 8 images with six
land use types: arable land, forest, grassland, water, built-up land, and bare land. The land use
plan in Zhangzhou City (2010-2020) and the MFOZ in Fujian Province (2013-2020) were
provided by the local government. The digital elevation model (resolution 30 x 30 m), the raster
data for GDP and population in 2010 (resolution 1 x 1 km), road network data for 2010 were

collected to extract other control variables of built-up land expansion.

Four methods were used in this dissertation. (1) Propensity score matching (PSM) was used to
compare the changes in the amount of built-up land in the towns of the development-prioritized
zones with the matched towns of the development-restricted zones. (2) Difference-in-
difference model with propensity score matching (PSM-DID) was used to compare the average
built-up land expansion of the villages located inside the development-permitted zones with
that of similar villages located outside the development-permitted zones (with-versus-similar-
without difference), before and after plan implementation (before-versus-after difference). (3)
Conformance-based evaluation was used to evaluate the extent to which built-up land zoning

contained the actual built-up land expansion. (4) Spatial autoregressive models (SAR) were



used to estimate the peer effects and other drivers on non-conforming built-up land expansion.
The first two methods served to answer whether built-up land zoning (2010-2020) and the
MFOZ (2013-2020) played a causal role in containing built-up land expansion in two study
areas (Zhangzhou City and Fujian Province) in southeastern China. The third method was used
to reveal the quantity, location, and expansion types of the non-conforming built-up land
expansion in Zhangzhou City between 2010 and 2020. The last method served to estimate peer
effects and other factors facilitating non-conforming built-up land expansion at the village level

in Zhangzhou City between 2010 and 2020.

Results

The results from the PSM and PSM-DID provide causal evidence for the effectiveness of built-
up land zoning and the MFOZ in containing built-up land expansion. Zhangzhou’s built-up
land zoning prevented 27.02 km? of built-up land expansion in the development-restricted
zones between 2010 and 2020, and Fujian’s MFOZ prevented a total of 79.31 km? of built-up
land within the development-restricted zones between 2013 and 2020. In short, built-up land
would have expanded by an additional 27.02 km? and 79.31 km? if there were no built-up land

zoning in Zhangzhou City and the MFOZ in Fujian Province.

The results from the PSM and PSM-DID suggest a time-lag effect during plan implementation.
The causal effect of the MFOZ varied from ineffective at the start of its implementation (2013-
2015) to effective later in its implementation period (2013-2018 and 2013-2020) in Fujian
Province. Likewise, built-up land zoning of Zhangzhou City did not play a causal role in

containing built-up land expansion before 2013.

The results based on the conformance-based evaluation reveals the quantity, location, and
expansion types of non-conforming built-up land expansion in Zhangzhou City between 2010
and 2020. The newly developed built-up land area between 2010 and 2020 covered 144.75 km?,
with non-conforming built-up land expansion accounted for 67.61% (97.87 km?). These non-
conforming expansions occurred mostly through a transition from arable land and forest to

industry/mining/transport uses. Edge expansion was the dominant type of non-conforming



built-up land expansion, and only a small percentage of the non-conforming built-up land

expansion was infill expansion.

The results of the SAR estimated five types of peer effects and other factors facilitating the
non-conforming built-up land expansion at the village level. A given village’s non-conforming
built-up land area increased by 3.9%, 6.2%, 22.5%, 4.7%, and 7.1% if its geographical peers,
political peers, economic peers, geographical-economic peers, and political-economic peers
increased in non-conforming built-up land area by 10%. Besides the peer effects, the villages
with further distance to county centers, lower elevations, more available arable land and
grassland in 2010, and less land located inside development-permitted zones, would expand

more non-conforming built-up land area between 2010 and 2020.

Discussion

As built-up land expansion has emerged as an important sustainability concern, spatial plans
to contain built-up land expansion are not lacking. However, causal evidence to support these
plans is scarce. Spatial planning in China often failed to contain built-up land expansion as
planned. Criticism of its effectiveness is prevalent, and the credibility of spatial planning is
therefore declining. This dissertation argues, however, that a lack of conformance between
spatial planning and built-up land expansion does not necessarily mean that causality does not
exist. Indeed, the findings suggest that built-up land zoning and the MFOZ played a causal role
in containing built-up land expansion in southeastern China. The causal evidence from this

dissertation can enhance the credibility of spatial planning in other Chinese cities.

Time influences the occurrence and evaluation of plan success or failure. However, empirical
evidence for time-lag effect of spatial planning is rare. Spatial planning is a top-down system
in China. It is inevitable that the lower-level planning authorities spend considerable amounts
of time coordinating with the higher-level planning authorities to develop their land use
decision-making. The built-up land zoning and MFOZ was approved in 2010 and 2013,
respectively. It is reasonable to observe that these two plans started to play a causal role in

containing built-up land expansion with 2 or 3-year lag.



The large amount of non-conforming built-up land expansion in Zhangzhou City between 2010
and 2020 raises serious concerns. These non-conforming expansions were at the expense of
arable land and forest. This pattern may threaten food security, biodiversity, and landscape
quality. The prominence of non-conforming industry/mining/transportation development is
closely associated with oversupply of industrial land in China. While the extensive non-
conforming development of industry/mining/transportation land promotes local economic
growth in the short term, it may lead to an overheated economy, excess production capacity,
and inefficient land use. Most non-conforming built-up land contribute to reducing landscape

fragmentation and improving urban agglomeration via edge expansion.

While the non-conformance between established zoning regulations and built-up land
expansion is commonplace around the world, few attempts have been made to analyze spatial
interdependencies between local government’s land use behaviors of violating established
zoning regulations. The findings reveal five positive peer effects driving villages to violate
zoning in Zhangzhou City between 2010 and 2020. The primary motivation for villages to
violate zoning is to compete for economic growth, which fits the common view that China's
local governments, fiercely competing for economic growth, reduce established regulatory
rules (e.g., lower environmental standards, lenient land development permissions, lower

industrial land prices) to attract investment, thereby leading a “race to the bottom™.

Conclusions

This dissertation used quasi-experimental methods to evaluate the causal effect of spatial
planning in containing built-up land expansion, used conformance-based evaluation to
investigate the characteristics of non-conforming built-up land expansion, and used the SAR
to estimate peer effect on non-conforming built-up land expansion in southeastern China. Key
findings are: 1) more built-up land would have expanded at the absence of spatial planning; 2)
the causal effect of spatial planning varied across time; 3) the large amount of non-conforming
built-up land expansion raises serious concerns, e.g., arable land and forest loss, inefficient

land use, overheated economy, excess production capacity; 4) the peer effects facilitate non-



conforming built-up land expansion. The findings of this dissertation improve better
understanding of the contribution of spatial planning to land use changes. I recommend wider
applications of causal inference in plan evaluation, greater detailed investigation of the
influence of time on plan effect, and closer examination on non-conforming built-up land
expansion. To doing so, closer interdisciplinary collaborations between spatial planning and

land-system science should be established.



Zusammenfassung

Hintergrund und Motivation

Die Ausdehnung bebauter Flichen ist eine auffillige und rasche vom Menschen verursachte
Verianderung der Erdoberflache (Gao & O'Neill, 2020; Seto et al., 2012) und stellt ein wichtiges
Nachhaltigkeitsproblem dar (Acuto et al., 2018). Die zunehmenden Auswirkungen der
Ausdehnung bebauter Flichen auf die nachhaltige Entwicklung haben den Einsatz der
Raumplanung als politisches Instrument zur Einddmmung der Ausdehnung bebauter Flidchen
auf der ganzen Welt verstirkt. Diese Dissertation entstand aus zwei Liicken zwischen
Raumplanung und Landsystemwissenschaft. Die meisten Forschungsarbeiten gaben jedoch
keine Antwort auf die Frage, (1) wie sich die Ausdehnung bebauter Flichen ohne Raumplanung
verandert hitte und (2) warum eine nicht konforme Ausdehnung bebauter Flachen stattfindet,
fortbesteht und sich ausbreitet. Diese beiden Fragen lassen Zweifel an der Glaubwiirdigkeit der
Raumplanung aufkommen und behindern die theoretischen Entwicklungen in der

Landsystemwissenschatft.

China ist einer der weltweiten Hotspots fiir die Ausdehnung bebauter Flichen (M. Li et al.,
2022; Seto et al., 2011). Um die rasche Ausdehnung der bebauten Fliche einzuddmmen, hat
die  chinesische = Regierung  viele = Raumordnungspline  umgesetzt, z. B.
Flachennutzungsplanung, Stadtplanung, funktionsorientierte Hauptzonen (MFOZ). Zahlreiche
Planevaluierungen haben jedoch gezeigt, dass diese Raumordnungspléne bei der Einddmmung
der Ausdehnung bebauter Flachen nur begrenzt erfolgreich waren, da die rasche Ausdehnung
bebauter Flachen hdufig nicht den festgelegten Planungsvorschriften folgte (T. Liu et al., 2020;
Shao et al., 2018; Shen et al., 2019; L.-G. Wang et al., 2014; Zhong et al., 2014). Vor diesem
Hintergrund bewertet diese Dissertation die kausale Wirkung der Raumplanung bei der
Einddmmung der Baulandausweitung und untersucht die Merkmale und Triebkréfte der nicht
konformen Baulandausweitung im Siidosten Chinas. Die spezifischen Methoden und
Ergebnisse wurden in drei wissenschaftlichen Fachzeitschriften mit Peer-Review veroftentlicht,

und der Inhalt dieser Dissertation basiert auf diesen drei Artikeln in kumulativer Form.



Forschungsziele

Ziel dieser Dissertation ist es, wertvolle neue Erkenntnisse zum besseren Verstindnis des
Beitrags der Raumplanung zu Landnutzungsidnderungen zu gewinnen. Die beiden oben
erwahnten Forschungsliicken fiihren zu den beiden zentralen Forschungszielen, die im
Mittelpunkt dieser Dissertation stehen. Das erste Forschungsziel besteht darin, das Verstdandnis
fiir die Definition von Planungseffekten zu erweitern. In dieser Dissertation wird der kausale
Effekt als die Differenz zwischen der tatsdchlichen Ausdehnung der bebauten Flache und der
kontrafaktischen Ausdehnung der bebauten Flache, die ohne Raumplanung stattgefunden hitte,
definiert. Der kausale Effekt der Baulandausweisung und des MFOZ wurde im Siidosten
Chinas (Stadt Zhangzhou und Provinz Fujian) mit zwei quasi-experimentellen Methoden
geschitzt. Das zweite Forschungsziel besteht darin, das Verstindnis dafiir zu verbessern,
warum sich grof3e Mengen an bebautem Land in Gebiete ausgedehnt haben, die nicht mit den
planungsrechtlichen Nutzungen libereinstimmen. Die Menge, der Ort, die Art der Ausdehnung
und die Ursachen fiir die nicht konforme Ausdehnung von bebautem Land wurden in der Stadt
Zhangzhou zwischen 2010 und 2020 mittels konformititsbasierter Bewertung und rdumlich

autoregressiver Modelle analysiert.

Daten und Methoden

In dieser Dissertation wurden mehrere rdumliche Daten verwendet. Die Landnutzungsdaten
(1995, 2000, 2005, 2010, 2013, 2015, 2018 und 2020) wurden vom Datenzentrum fiir
Ressourcen und Umweltwissenschaften der Chinesischen Akademie der Wissenschaften
(RESDC) bezogen (http://www.resdc.cn). Die Landnutzungsdaten hatten ein Vektorformat und
wurden manuell aus Landsat TM- und 8-Bildern mit sechs Landnutzungstypen interpretiert:
Ackerland, Wald, Griinland, Wasser, bebautes Land und unbebautes Land. Der
Flachennutzungsplan der Stadt Zhangzhou (2010-2020) und das MFOZ der Provinz Fujian
(2013-2020) wurden von der lokalen Regierung zur Verfiigung gestellt. Das digitale
Hohenmodell (Auflosung 30 % 30 m), die Rasterdaten fiir das BIP und die Bevolkerung im Jahr
2010 (Auflosung 1 x 1 km) und die StraBennetzdaten fiir das Jahr 2010 wurden gesammelt, um

andere Kontrollvariablen fiir die Ausdehnung der bebauten Flédchen zu ermitteln.



In dieser Dissertation wurden vier Methoden verwendet. (1) Mit Hilfe des Propensity Score
Matching (PSM) wurden die Verdnderungen der bebauten Fldche in den Stiddten der
entwicklungspriorisierten Zonen mit den entsprechenden Stadten der
entwicklungsbeschriankten Zonen verglichen. (2) Das Differenz-Indifferenz-Modell mit
Propensity-Score-Matching (PSM-DID) wurde verwendet, um die durchschnittliche
Ausdehnung der bebauten Fliche in den Dorfern innerhalb der Fordergebiete mit derjenigen
dhnlicher Dorfer auBerhalb der Fordergebiete zu vergleichen (mit-gegen-dhnlich-ohne-
Differenz), und zwar vor und nach der Umsetzung des Plans (Vorher-gegen-Nachher-
Differenz). (3) Mit Hilfe der konformitétsbasierten Bewertung wurde beurteilt, inwieweit die
Ausweisung von Bauland die Ausdehnung der bebauten Fliachen einddmmte. (4) Raumliche
autoregressive Modelle (SAR) wurden verwendet, um die Auswirkungen von Peer-Effekten
und anderen Einflussfaktoren auf die nicht konforme Ausdehnung bebauter Flichen zu
schitzen. Die ersten beiden Methoden dienten der Beantwortung der Frage, ob die
Baulandausweisung (2010-2020) und die MFOZ (2013-2020) eine kausale Rolle bei der
Einddmmung der Baulandausweitung in zwei Untersuchungsgebieten (Stadt Zhangzhou und
Provinz Fujian) im Siidosten Chinas spielen. Die dritte Methode wurde verwendet, um die
Menge, den Standort und die Art der Ausdehnung der nicht konformen bebauten Flidchen in
Zhangzhou City zwischen 2010 und 2020 zu ermitteln. Die letzte Methode diente der
Schiatzung von Peer-Effekten und anderen Faktoren, die eine nicht-konforme

Baulanderweiterung auf Dorfebene in Zhangzhou City zwischen 2010 und 2020 begiinstigen.

Ergebnisse

Die Ergebnisse der PSM- und PSM-DID-Methode liefern kausale Belege fiir die Wirksamkeit
der Zonierung bebauter Flichen und des MFOZ bei der Einddmmung der Ausdehnung bebauter
Flachen. Die Zonierung von Bauland in Zhangzhou verhinderte zwischen 2010 und 2020 eine
Ausdehnung von 27,02 km? bebauter Fliche auBerhalb der Zonen mit
Entwicklungsgenehmigung, und die MFOZ in Fujian verhinderte zwischen 2013 und 2020
insgesamt 79,31 km? bebauter Fliche innerhalb der Zonen mit Entwicklungsbeschrinkung.
Kurz gesagt, die bebaute Fliache hitte sich um weitere 27,02 km? bzw. 79,31 km? vergrofiert,

wenn es in der Stadt Zhangzhou und der MFOZ in der Provinz Fujian keine Bebauungszonen



gegeben hitte.

Die Ergebnisse von PSM und PSM-DID deuten auch auf einen zeitverzogerten Effekt wahrend
der Planumsetzung hin. Die kausale Wirkung der MFOZ variierte von unwirksam zu Beginn
der Umsetzung (2013-2015) bis hin zu wirksam im spéteren Verlauf des Umsetzungszeitraums
(2013-2018 und 2013-2020) in der Provinz Fujian. Auch die Zonierung bebauter Flidchen in
der Stadt Zhangzhou spielte keine kausale Rolle bei der Einddmmung der Ausdehnung
bebauter Fldchen nach 2013. Neben dem Time-Lag-Effekt wurde die Bauleitplanung am Ende
der Planumsetzung in der Stadt Zhangzhou unwirksam, was die Einddmmung der

Baulandausweitung angeht.

Die Ergebnisse auf der Grundlage der konformitétsbasierten Bewertung zeigen die Menge, den
Ort und die Erweiterungsarten der nicht konformen Baulandausweitung in Zhangzhou City
zwischen 2010 und 2020. Die neu erschlossene bebaute Fliche zwischen 2010 und 2020
umfasste 144,75 km?, wobei 67,61 % (97,87 km?) auf nicht-konforme Bebauung entfielen.
Diese nicht-konformen Erweiterungen erfolgten hauptsichlich durch den Ubergang von
Ackerland und Wald zu Industrie/Bergbau/Verkehrsnutzung. Die Ausdehnung von
Randgebieten war die vorherrschende Art der nicht konformen Ausdehnung von bebautem
Land, und nur ein kleiner Prozentsatz der nicht konformen Ausdehnung von bebautem Land

war eine Ausdehnung durch Auffiillung.

Die Ergebnisse des SAR ergaben fiinf Arten von Peer-Effekten und andere Faktoren, die die
nicht-konforme Ausdehnung bebauter Flachen auf Dorfebene begiinstigen. Die nicht-konforme
bebaute Fliache eines bestimmten Dorfes nahm um 3,9%, 6,2%, 22,5%, 4,7%, und 7,1 % zu,
wenn die geografischen, politischen, wirtschaftlichen, geografisch-wirtschaftlichen und
politisch-wirtschaftlichen Peers ihre nicht-konforme bebaute Fliche um 10 % vergroBerten.
Abgesehen von den Peer-Effekten wiirden die Dorfer mit groferer Entfernung zu den
Kreiszentren, niedrigeren Hohenlagen, mehr verfiigbarem Acker- und Griinland im Jahr 2010
und weniger Land innerhalb von Baugenehmigungszonen zwischen 2010 und 2020 mehr nicht-

konforme bebaute Flache ausweiten.



Diskussion

Da die Ausdehnung der bebauten Fliche zu einem wichtigen Anliegen der Nachhaltigkeit
geworden ist, fehlt es nicht an Raumordnungsplédnen zur Einddmmung der Ausdehnung der
bebauten Flache. Kausale Belege zur Unterstiitzung dieser Plidne sind jedoch rar. Die
Raumplanung in China hat es oft nicht geschafft, die Ausdehnung des bebauten Landes wie
geplant einzuddmmen. Die Kritik an ihrer Wirksamkeit ist weit verbreitet, und die
Glaubwiirdigkeit der Raumplanung nimmt daher ab. In dieser Dissertation wird jedoch
argumentiert, dass eine mangelnde Ubereinstimmung zwischen Raumplanung und
Baulandausweitung nicht unbedingt bedeutet, dass keine Kausalitét besteht. In der Tat deuten
die Ergebnisse darauf hin, dass die Flachennutzungsplanung und das MFOZ eine kausale Rolle
bei der Einddmmung der Flaichenausweitung im Siidosten Chinas gespielt haben. Die kausalen
Beweise aus dieser Dissertation konnen die Glaubwiirdigkeit der Raumplanung in anderen

chinesischen Stiadten erhohen.

Die Zeit beeinflusst das Auftreten und die Bewertung des Erfolgs oder Misserfolgs von Plidnen.
Empirische Belege flir den zeitlichen Effekt der Raumplanung sind jedoch selten.
Raumplanung ist in China ein Top-Down-System. Es ist unvermeidlich, dass die
Planungsbehorden der unteren Ebene viel Zeit damit verbringen, sich mit den
Planungsbehorden der oberen Ebene abzustimmen, um ihre Entscheidungen zur
Flachennutzung zu entwickeln. Die Zonierung von bebautem Land und die MFOZ wurden
2010 bzw. 2013 genehmigt. Es ist plausibel, dass diese beiden Plidne mit einer Verzégerung von
2 oder 3 Jahren begonnen haben, eine kausale Rolle bei der Einddimmung der Ausdehnung von

bebautem Land zu spielen.

Das grofle Ausmal} der nicht konformen Ausdehnung von bebautem Land in Zhangzhou City
zwischen 2010 und 2020 gibt Anlass zu ernster Besorgnis. Diese nicht-konforme Ausdehnung
ging auf Kosten von Ackerland und Wald. Dieses Muster kann die Erndhrungssicherheit, die
biologische Vielfalt und die Landschaftsqualitit gefdhrden. Die starke Ausdehnung von

Industrie, Bergbau und Verkehr steht in engem Zusammenhang mit dem Uberangebot an



Industrieflichen in China. Wihrend die umfangreiche nicht-konforme ErschlieBung von
Industrie-/Bergbau-/Verkehrsflichen kurzfristig das lokale Wirtschaftswachstum fordert, kann
sie zu einer iiberhitzten Wirtschaft, iiberschiissigen Produktionskapazititen und einer
ineffizienten Fldchennutzung fiihren. Die meisten nicht-konformen bebauten Fliachen tragen
dazu bei, die Landschaftsfragmentierung zu verringern und die stadtische Agglomeration durch

die Ausdehnung der Randgebiete zu verbessern.

Wihrend die Nichtiibereinstimmung zwischen den geltenden Flachennutzungsvorschriften und
der Ausdehnung bebauter Flichen weltweit gang und gibe ist, wurden bisher nur wenige
Versuche  unternommen, die  rdumlichen  Interdependenzen  zwischen  dem
Flachennutzungsverhalten der Kommunalverwaltungen bei Verstoen gegen die geltenden
Flachennutzungsvorschriften zu analysieren. Die Ergebnisse zeigen fiinf positive Peer-Effekte,
die Dorfer in der Stadt Zhangzhou zwischen 2010 und 2020 dazu veranlassen, gegen die
Bebauungsvorschriften zu verstoen. Die Hauptmotivation fiir die Ddorfer, gegen die
Flachennutzungsvorschriften zu versto3en, ist der Wettbewerb um wirtschaftliches Wachstum.
Dies passt zu der weit verbreiteten Ansicht, dass Chinas Lokalregierungen im harten
Wettbewerb um wirtschaftliches Wachstum etablierte Regulierungsvorschriften (z.B.
niedrigere Umweltstandards, groBziigigere ErschlieBungsgenehmigungen, niedrigere Preise
fiir Industrieland) abbauen, um Investitionen anzulocken, und damit einen "Wettlauf nach

unten" auslosen.

Schlussfolgerungen

In dieser Dissertation wurden quasi-experimentelle Methoden angewandt, um die kausale
Wirkung der Raumplanung bei der Einddmmung der Baulandausweitung zu bewerten, die
Merkmale der nicht konformen Baulandausweitung mit Hilfe der konformitétsbasierten
Bewertung zu untersuchen und die SAR zur Schitzung des Peer-Effekts auf die nicht konforme
Baulandausweitung im Siidosten Chinas einzusetzen. Die wichtigsten Ergebnisse sind: 1) ohne
Raumplanung hétte sich mehr bebautes Land ausgedehnt; 2) der kausale Effekt der
Raumplanung variierte im Laufe der Zeit; 3) die groe Menge an nicht-konformer

Baulandausdehnung gibt Anlass zu ernsthaften Bedenken, z.B. Verlust von Ackerland und



Wildern, ineffiziente Landnutzung, Uberhitzung der Wirtschaft,
Uberschussproduktionskapazititen; 4) die Peer-Effekte erleichtern die nicht-konforme
Baulandausdehnung. Die Ergebnisse dieser Dissertation tragen zu einem besseren Verstandnis
des Beitrags der Raumplanung zu Landnutzungsénderungen bei. Ich empfehle eine breitere
Anwendung von Kausalschliissen bei der Bewertung von Plénen, eine detailliertere
Untersuchung des Einflusses der Zeit auf die Wirkung von Plidnen und eine genauere
Untersuchung der nicht konformen Ausdehnung von bebautem Land. Zu diesem Zweck sollte
eine  engere interdisziplindre = Zusammenarbeit  zwischen = Raumplanung und

Landsystemwissenschaft aufgebaut werden.
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1. Introduction

1.1 Background and motivation

As a salient human-induced change on the Earth’s surface, built-up land has expanded at an
unprecedented rate over recent decades (M. Li et al., 2022; Seto et al., 2011). This trend is
projected to continue in the coming few decades (Gao & O’Neill, 2020). Rapid expansion of
built-up land has been emerged as an important sustainable concern (Acuto et al., 2018; Foley
et al., 2005; Nagendra et al., 2018; W. Zhou et al., 2022). One the one hand, it drives a series
of environment changes from directly encroaching on cropland and natural land (Bren
d’Amour et al., 2017; van Vliet, 2019) to indirectly causing biodiversity degradation (Seto et
al., 2012). One the other hand, built-up land expansion is strongly correlated to economic
development and dramatically promotes human’s material living standards (Acuto et al., 2018;

C. He, Huang, et al., 2014).

The increasing impacts of built-up land expansion on sustainable development have heightened

the use of spatial planning as a policy tool to contain built-up land expansion. In response,
governments around the world have deployed a range of policy tools, such as urban growth

boundary policies (Gennaio et al., 2009; Long et al., 2013), greenbelt planning (Macdonald et
al., 2020; Siedentop et al., 2016), urban planning (Sharifi et al., 2014; M. Wang et al., 2017),
and land use planning (Alfasi et al., 2012; Zhong et al., 2014). However, numerous plan
evaluations have indicated a lack of conformance of actual built-up land expansion to
established planning regulations, and that there was a failure of spatial planning (Abrantes et
al., 2016; Alfasi et al., 2012; Guo et al., 2020; Kleemann et al., 2017; Sharifi et al., 2014; L.-
G. Wang et al., 2014). Limited success of spatial planning in containing built-up land expansion

leads to prevalent criticism, and the credibility of spatial planning is therefore declining.

Land-system science considers spatial planning as one of the drivers of land use changes (Biirgi
et al., 2004; Geist & Lambin, 2002). Literature reviews have shown that political drivers (e.g.,
spatial development policies, nature conservation policies and land use planning) were more

frequently mentioned than economic, technological, cultural, and natural drivers, when
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explaining urban sprawl (Colsaet et al., 2018; Plieninger et al., 2016). However, land-system
science still calls for more robust approaches to evaluate the causal effect of spatial planning
on land use changes, in particular because driving force frameworks consider spatial planning
as a process exogenous to land use system, thus neglecting the potential of selection bias
(Meyfroidt, 2016). Furthermore, due to a paucity of planning data, researchers in land-system
science often fail to distinguish between conforming and non-conforming built-up land when
developing land-change theories and models (Tellman et al., 2020, 2021). A complete
understanding of non-conforming built-up land expansion is still lacking in land-system

science.

Causal evaluation of spatial planning and analysis of non-conforming expansion of built-up
land are urgently required in China, as China has become the one of the world’s hotspots of
built-up land expansion (M. Li et al., 2022; Seto et al., 2011). To contain rapid built-up land
expansion, China’s government has implemented a series of spatial plans. However, plan
evaluations in China often reported that large amounts of built-up land have expanded in areas
that are non-conforming with uses by planning regulations (T. Liu et al., 2020; Shao et al., 2018;
Shen et al., 2019; L.-G. Wang et al., 2014; Zhong et al., 2014). Against this background, China
is an excellent laboratory to evaluate spatial plans based on causal relationships and investigate

non-conforming expansion of built-up land.

This dissertation was conducted as a part of the CONCUR project - From plans to land change:
how strategic spatial planning contributes to the development of urban regions, funded by the
Swiss National Science Foundation. The author conducted case studies of China in the
CONCUR context and this dissertation aims to add valuable new knowledge that can better

understand the contribution of spatial planning to land use changes.

1.2 Literature reviews
1.2.1 Evaluation of spatial planning

(1) Conformance-based evaluation



If spatial planning intends to have any credibility as a discipline, plan evaluation is an
inseparable part (E. R. Alexander & Faludi, 1989; Guyadeen & Seasons, 2016; Khakee, 1998;
Oliveira & Pinho, 2010). Plan evaluation can be performed in different states in plan-making
and plan-implementation, such as reliability of plan alternatives, quality of the plans, or
achievement of planning intentions (Baer, 1997; Guyadeen & Seasons, 2018). This dissertation
focus on the evaluation of plan implementation after plans are adopted and implemented. This
type of evaluation aims to discover whether the plan is implemented, and if so, how it affects
land use changes. Conformance-based evaluation is mostly used for such evaluation.
Conformance-based evaluation proposes that the link between planned and actual land use
changes is the “gold standard” in evaluating plan implementation effectiveness (Calkins, 1979;

Chapin et al., 2008; Laurian et al., 2004; T. Liu et al., 2020).

In conformance-based evaluation, the effect of spatial planning is measured as the difference
of land use changes between before- and after-planning period in the fixed region (Chai et al.,
2009; Vorovencii, 2018; Walsh, 2012). Vorovencii (2018) quantified deforestation rates in
Apuseni Natural Park (ANP), Romania in the pre- (1986-2002) and post-establishment (2002—
2016) periods. The results show that the deforestation rates increased four times, from 0.03%
in the pre-establishment period to 0.14% in the post-establishment period, which indicates
Natural Park was ineffective in restricting deforestation. In addition, the effect of spatial
planning is measured as the difference of land use changes between planning, e.g., inside
protected areas, and non-planning regions, e.g., outside protected areas (Alfasi et al., 2012;
Barber et al., 2012; Gennaio et al., 2009; Sharifi et al., 2014; Siedentop et al., 2016). Gennaio
et al., (2009) analyzed the change of the developed land inside and outside building zones in
four Swiss municipalities and found that more than 70% of the total expansion of developed
land occurred inside building zones. It indicates that building zones effectively restricted the
developed land expansion in Switzerland. Methodological simplicity dramatically promotes
wide applications of conformance-based evaluation. Yet, conformance-based evaluation
addresses merely correlation rather than causality, since it is unable to control selection bias

(Andam et al., 2008; Blackman, 2013; Butsic et al., 2011).



(2) Selection bias

Selection bias is a central problem in the evaluation of the causal effect of spatial planning on
land use changes. However, this problem has not been fully acknowledged to date (Blackman,
2013). A thought experiment to illustrate the problem of selection bias is as follow: Y;(1) and
Y;(0) denote two changes in built-up land area for the same area i in the same period, where
1 indicates that the area i is assigned inside the urban growth boundaries and 0 indicates that
the area i is assigned outside the urban growth boundaries. The difference between Y;(1) and
Y;(0) in this example can only result from a difference in the planned status (inside or outside
the urban growth boundaries), as the area i is unchanged. In this case, the effect of the urban
growth boundaries on built-up land expansion could be computed as Y;(1) — ¥;(0) and could

be considered as a causal effect.

However in reality, we cannot simultaneously observe Y;(1) and Y;(0). If we assume that the
area [ was assigned inside the urban growth boundaries, we are able to observe Y;(1),
whereas the potential Y;(0) is missing and can be considered as a counterfactual for Y;(1). In
most circumstances, researchers presume that an area j, outside the urban growth boundaries,
is a counterfactual for the area i, and consider their difference (¥;(1) — ¥;(0)) as an effect of
the urban growth boundaries on built-up land expansion. However, this is arbitrary due to
selection bias inherent in plan-making, in which the most suitable areas are assigned for
particular uses. The areas with higher suitability for built-up land are more likely to be assigned
inside the urban growth boundaries, and these areas are more likely to experience higher built-
up land expansion due to their higher suitability for built-up land use, rather than due to the

urban growth boundaries.

(3) PSM-based evaluation
To overcome the evaluation problems associated with selection bias, a PSM-based evaluation
was developed as an effective statistical tool for evaluating the causal effect (Imbens & Rubin,

2015; Rosenbaum & Rubin, 1983). It follows counterfactual thinking and regards the causal
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effect as the difference in the outcome when the characteristics of the evaluated units are
identical in all aspects except in the variable of interest (Imbens & Rubin, 2015). Recent studies
applied the PSM to evaluate the effect of protected areas or forest conservation policies on
forest change (Andam et al., 2008; Bruggeman et al., 2015; Putraditama et al., 2019) or the
effect of agricultural land preservation programs on farmland loss (X. Liu & Lynch, 2011). The
main principle of the PSM-based evaluation is to find counterfactual units which are close to
evaluated units in terms of confounding variables. Confounding variables such as elevation,
distance to the nearest urban center, etc. are crucial, as they impact both the planned status
(plan-making) and land use changes. However, they are often neglected in causal evaluations

of spatial planning and land use changes.

By incorporating confounding variables into evaluations, the PSM-based evaluation enables us
to untangle the interplay of spatial planning and confounding variables and to identify land use
changes which are solely attributable to spatial planning. The PSM-based evaluation is
promising because, aside from handling selection bias, it relies on observational data (such as
land use data from remote sensing, socioeconomic data from censuses and big data from social
sensing). Additionally, it is less restrictive to model assumption and model specification, as it
is based on non-parametric estimations. Despite the above-mentioned strengths of the PSM, it
still suffers from the weakness of hidden biases caused by the unobserved confounding
variables (Paul R. Rosenbaum, 2002). For example, leaders’ judgements often influence the
probability of the area to be assigned into a specific zone during the plan-making and the
probability of this area to be developed in the actual development. The subjective judgements

are the unobserved confounding variable which is out of control of the PSM.

(4) DID-based evaluation

Besides the PSM, the DID has been developed to evaluate the causal effect of a policy on the
outcome of interest (Abadie, 2005; Wing et al., 2018). The principle of the DID is to compare
the changes in outcome in the evaluated units affected by a policy with that of the evaluated

units not affected by a policy (with-versus-without difference), before and after policy
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implementation (before-versus-after difference). The DID, which combines the before-versus-
after difference and the with-versus-without difference, can get closer to causality than either
difference alone (Blackman, 2013; Butsic et al., 2011; Wing et al., 2018). The before-versus-
after difference can control for time-invariant factors (e.g., elevation, slope), but it ignores the
factors that may influence built-up land expansion over time, such as economic and population
growth (Blackman, 2013; Dempsey & Plantinga, 2013). The with-versus-without difference is
misleading because zoning is not random (Andam et al., 2008; Z. He et al., 2021). For example,

urban proximity not only influences built-up land expansion, but also influences zoning.

The DID uses the before-versus-after difference to eliminate time-invariant factors and uses
the with-versus-without difference to eliminate the time-variant factors, thereby evaluating the
causal effect. Several researchers have applied this method to evaluate the causal effect of
construction land quotas on urban expansion (Fang & Tian, 2020) or the causal effect of urban
growth boundaries on land development (Dempsey & Plantinga, 2013; Kline et al., 2014).
While the DID is an effective method to estimate the causal effect, it is rarely used to evaluate
the causal effect of spatial planning on land use changes. One of the challenges is that the DID
is data-demanding, because it requires a large amount of longitudinal information to construct
the before-versus-after comparison. Spatial planning usually has a timeline of 10 years or more
as an implementation period. Evaluating the effect of a 10-year plan on land use changes via

the DID requires land use data spanning over 10 years.

1.2.2 Non-conforming expansion of built-up land

(1) A concerning degree of non-conforming built-up land expansion

Rapid expansion of built-up land is widespread and often does not follow established planning
regulations. For example, plan evaluation in Lisbon metropolitan region indicates that 46.9%
of newly developed built-up land between 1990 and 2007 were not conforming to land use
planning (Abrantes et al., 2016). Plan evaluations in developing countries (e.g., China, Brazil,
Pakistan, Ethiopia) often reported non-conformance rates of 50-60% (Bulti & Sori, 2017;

Hussain & Nadeem, 2021; Liu et al., 2020; Menzori et al., 2021; L. Tian & Shen, 2011; L.-G.
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Wang et al., 2014). While the non-conformance of built-up land expansion to spatial planning
is commonplace worldwide, an understanding of why this non-conformance happens, persists,
and spreads is still lacking yet urgently needed in land-system science and spatial planning.
One the one hand, due to a paucity of planning data, researchers in land-system science often
fail to distinguish between conforming and non-conforming built-up land when developing
land-change theories and models (Tellman et al., 2020, 2021). One the other hand, spatial
planning is struggling to manage built-up land expansion in an orderly manner (Domingo et
al., 2021; Hersperger et al., 2019). However, plan evaluations have frequently indicated that a
large proportion of built-up land expansion was non-conforming and suggested that it is a main
cause of plan ineffectiveness (Abrantes et al., 2016; Alfasi et al., 2012; T. Liu et al., 2020;
Sharifi et al., 2014; Sobhani et al., 2021).

The non-conforming expansion of built-up land may exacerbate environmental problems. The
non-conforming expansion mostly were at the expanse of arable land and forest, thereby
threatening food security, biodiversity, and landscape quality (Alfasi et al., 2012; Shen et al.,
2019). Non-conforming built-up land expansion will lead to a more fragmented land use pattern
than conforming expansion, via leapfrog development (Abrantes et al., 2016; Yue et al., 2013).
Furthermore, non-conforming built-up land expansion is often associated with land-related
crimes (e.g., corruption and illegal land transactions), not only undermining the credibility of
spatial planning but also triggering social conflicts. A better understanding of non-conforming
built-up land expansion is crucial to improve the effectiveness of spatial planning in governing
built-up land expansion and to enhance the support of land-system science in sustainable

development.

(2) Peer effects on non-conforming built-up land expansion

Institutional actors are commonly regarded as playing a formal role in land use changes (Biirgi
et al., 2022). However, one interesting phenomenon is that local governments, originally in
charge of making spatial plans and implementing them, frequently contribute to non-

conforming built-up land expansion (Alfasi et al., 2012; Menzori et al., 2021; Sharifi et al.,
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2014; Sundaresan, 2019; Tellman et al., 2021). Further, the behavior of local governments in
developing the non-conforming built-up land may depend on the behavior of other local
governments (J. Wang et al., 2020). Such interdependencies create peer effects, i.e., local
governments might consider other local governments’ non-conforming built-up land expansion

in their own land use activities.

A local government’s behavior of developing non-conforming built-up land is influenced by
the behavior of contiguous local governments (geographical peer effect). Numerous studies
have demonstrated that geographical contiguity has an influence on a local government’s land
use decisions and behaviors (Christafore & Leguizamon, 2015; Gémez-Antonio et al., 2016;
Z. Huang & Du, 2017; Schone et al., 2013; J. Wang et al., 2020). On the one hand, local
governments can easily observe what happens in contiguous governments (Schone et al., 2013).
On the other hand, the development conditions of contiguous local governments are relatively
similar. Consequently, contiguous local governments often adopt similar land use decisions and

behaviors.

A local government’s behavior of developing non-conforming built-up land is influenced by
the behavior of other local governments within the same political jurisdiction (political peer
effect). Confinement within a political jurisdiction is a vital channel for influencing a local
government’s decisions and behaviors (Atella et al., 2014; Cassette et al., 2012; Yu et al., 2016).
In China, superior governments have exclusive control over a local government official’s
promotion, and over the funds and political support that are crucial to local developments (Z.
Chen et al., 2017; Z. Huang & Du, 2017). Specifically, to outperform other local governments
within the same political jurisdiction, local governments may be more sensitive to non-
conforming built-up land expansion of their political peers and less sensitive to the behaviors

of local governments in different political jurisdictions.

A local government’s behavior of developing non-conforming built-up land is influenced by

the behavior of other local governments with similar levels of economic development

14



(economic peer effect). In China, economic competition among local governments is fierce,
and local governments with similar economic levels are close rivals (Yu et al., 2016). Because
non-conforming built-up land expansion can generate a greater marginal economic return
compared with conforming expansion (Z. Chen et al., 2015), local governments are interested
in whether and how their economic peers employ non-conforming built-up land expansion to
advance economic development, even when they are not contiguous and/or in different political
jurisdictions. Finally, a local government’s behavior of developing non-conforming built-up
land is more likely to be influenced by geographical peers with similar economic levels
(geographical-economic peer effect) and by political peers with similar economic levels
(political-economic peer effect). Considering the intense economic competition among local
governments in China, economic competition would enhance geographical and political peer
effects. That is, the geographical-economic and political-economic peer effects in promoting
non-conforming built-up land expansion would be greater than the geographical and political

peer effects, respectively.

1.2.3 Land use planning and the MFOZ in China

(1) Land use planning in China

China’s government has implemented land use planning since 1986, when the government
accelerated the reform of the market economy. Land use plans are compiled at five
administrative levels: national, provincial, prefectural city, county, and town, and have two
major targets: built-up land containment and farmland protection. Land use planning is
implemented using a “quota with zoning” mode (Figure 1). To contain built-up expansion, the
central government set a series of built-up land quotas (e.g., the maximum amount of built-up
land, the annual maximum amount of arable land converting to newly-added built-up land)
according to the prediction of socioeconomic development. Then these quotas are allocated by
the central government to the provincial level and then divided gradually down to the town
level based on local socioeconomic characteristics (Fang & Tian, 2020; Y. Zhou et al., 2017).
Built-up land zoning is used for allocating the quotas into specific locations at the prefectural

city, county, and town level based on suitability evaluations of built-up land. Thus land use
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plans at the prefectural city, county, and town level mainly consist of several maps showing

land use zoning and a quota system determining the amounts of land use changes.

Built-up land zoning is the core tool used to contain built-up land expansion in land use
planning. It divides a territory into four zone types: development-permitted zones,
development-permitted-conditionally zones, development-restricted zones, and development-
forbidden zones. Built-up land expansion is allowed only inside the first two zone types. Land
use plans in China are authorized by the Land Administration Law, meaning that land use plans
have legal validity once they are approved. Despite the legal validity of the plans, the effect of
land use planning on containing built-up land expansion is unclear. Many researchers have
found a lack of consistency when overlaying built-up land zoning with the actual built-up land
extent, and they have therefore concluded a failure of land use planning in China (Guo et al.,

2020; T. Liu et al., 2020; Shao et al., 2018; Shen et al., 2021).
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Figure 1. Land use planning system in China

(2) The MFOZ
The Chinese central government released the MFOZ to achieve a coordinated regional

development in 2010, through spatial regulation and zoning of development (J. Fan et al., 2012).
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The provincial governments then developed the zoning schemes of the MFOZ covering their
full provincial territory. The MFOZ divided land into four major function-oriented zones with
different planning intentions on built-up land expansion: (a) The development-optimized zones
are characterized by a high level of urbanization and industrialization, here land use needs to
be optimized due to inefficient uses of built-up land and a decreasing quality of farmland. As a
result, built-up land expansion is required to slow down in the development-optimized zones.
(b) The development-prioritized zones intend to promote the future regional development
through large-scale urbanization and industrialization. Thus, in these zones the demand for
built-up land expansion should be accommodated. (c) The development-restricted zones
restrict large-scale urbanization and industrialization. It is divided into two types of zones: an
agricultural production zones and an ecological security zones. The former are important for
food security, the latter aim to restore ecosystems and to protect ecological security. Hence,
only small amounts of built-up land expansion are permitted within the development-restricted
zones. (d) The development-prohibited zones can be regarded as a natural and cultural heritage

protection region, in which built-up land expansion is strictly prohibited.

The government developed an indicator framework in order to delineate the different zones.
The framework assessed suitability with 10 indicators addressing such as environmental
capacity, ecological vulnerability, ecological importance, natural hazards, population density,
economic development, and strategic selection (Y. Liu et al., 2018). Each indicator is comprised
of several factors. For example, the indicator of ecological vulnerability included
desertification, soil erosion, and stone desertification (J. Fan et al., 2012). The final zoning
scheme of the MFOZ was selected based on the suitability evaluation. The MFOZ was
developed at the national and provincial administrative levels. The national MFOZ is
diagrammatic and lacks an accurate cartographic delineation of the major function-oriented
zones (J. Fan et al., 2012). In contrast the provincial MFOZ contains maps with high

geographical accuracy and clear boundaries.

1.3 Research objectives, questions, and the structure of the dissertation
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This dissertation aims to promote the understanding of how spatial planning contributes to land
use changes. The two key research objectives at the center of this dissertation are: 1) evaluating
causal effect of spatial planning in containing built-up land expansion; 2) analyzing the non-
conforming expansion of built-up land to spatial planning (Figure 2). The first research
objective can broaden the understanding of plan effect. It is fulfilled by answering following
specific research questions:

RQ1) How to evaluate the causal effect of spatial planning in containing built-up land
expansion?

RQ2) Whether and how the causal effect differs with the plan effect that is evaluated by
conformance-based evaluation?

RQ3) Whether and how the causal effect of spatial planning varies across time?
The second research objective can generate new knowledge for understanding why large
amounts of built-up land have expanded beyond the areas permitted by planning regulations.
Thus two specific research questions are as follows:

RQ4) What are the characteristics of non-conforming built-up land expansion?

RQS5) Do peer effects among local governments promote non-conforming built-up land

expansion?

The research questions were addressed by three papers have published peer-review scientific

journals:

® He, Z., Zhao, C., Fiirst, C., & Hersperger, A. M. (2021). Closer to causality: How effective
is spatial planning in governing built-up land expansion in Fujian Province, China? Land

Use Policy, 108, 105562. https://doi.org/10.1016/j.landusepol.2021.105562

® He,Z,Ling, Y., Fiirst, C., & Hersperger, A. M. (2022). Does zoning contain built-up land
expansion? Causal evidence from Zhangzhou City, China. Landscape and Urban Planning,

220, 104339. https://doi.org/10.1016/j.landurbplan.2021.104339

® He, Z, Yu Z, Fiirst, C., & Hersperger, A. M. (2023) "Peer effects drive non-conformance
between built-up land expansion and zoning: Evidence from Zhangzhou city, China"

Applied Geography 152, 102875. https://doi.org/10.1016/j.apgeog.2023.102875
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The first two papers focused on evaluating the causal effect of built-up land zoning and the
MFOZ in containing built-up land expansion in Zhangzhou City (2010-2020) and in Fujian
Province (2013-2020), respectively. The third paper focused on investigating the characteristics

and peer effects on non-conforming built-up land expansion in Zhangzhou City (2010-2020).

The following chapters consist of four parts. In the chapter of materials and methods, two study
areas in southeastern China and data sources are first presented. Then four methods, including
PSM, PSM-DID, conformance-based evaluation and SAR, are described. In the chapter of
results, the five research questions were answered specifically. Next, the relations of the
findings of this dissertation to previous studies and related policy implications are elaborated
in the chapter of discussion. In the chapter of conclusions and outlook, the summary of the key

findings and future research directions are provided.

Better understanding of

how spatial planning contributes to land-use changes

Research questions Case study

Evaluating the causal effect of the MFOZ in
) . How to evaluate the causal effect of spatial containing built-up land in Fujian Province
Evaluanng causal effect planning in containing built-up land expansion? patween 2013 and 2020 (paperI)
of sp atial pl allllillg in ‘Whether and how t].\e causal effect differs with
S 3 the plan effect that is evaluated by
containing blllh-llp land conformance-based evaluation? . .
expansion *  Whether and how the causal effect of spatial Evaluating the causal effect of built-up land
planning varies across time? zoning in containing built-up land expansion in

Zhangzhou City between 2010 and 2020 (paper II)

Conformance-
Analyzing the non- +  What are the characteristics of non-conforming | Ivestigating the characteristics and peer effects based evaluation
built-up land expansion? on non-conforming built-up land expansion in
Do peer effects among local governments Zhangzhou City between 2010 and 2010 (paper
promote non-conforming built-up land 1)

conforming expansion
of built-up land to
spatial planning expansion?

Figure 2. Development process of the doctoral dissertation and the contributions of publications

to address research objectives and questions
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2. Materials and methods

2.1 Study areas
This dissertation chose Fujian Province and one of its prefectural cites (i.e., Zhangzhou City)
as two study areas, where contradiction between built-up land expansion and farmland and

forest conservation are serious.

2.1.1 Fujian Province in China and the MFOZ

Fujian Province was chosen as a study area because of its problems of built-up land expansion
and farmland and forest conservation. Fujian Province, located in southeastern China, has nine
prefectural cities which are further divided into 84 counties (Figure 3.a). The topography of
Fujian Province is dominated by mountains and hills (Figure 3b). Western mountainous and
hilly areas are mostly forested and provide a wide range of ecosystem benefits (Figure 3.c).
Fertile plains are concentrated in the narrow eastern coastal areas which have been highly
industrialised and urbanised. A local saying—eighty percent is mountains and hills, ten percent
is water and ten percent is arable land—vividly stresses the shortage of areas for farmland and
built-up land use. Moreover, the conflicts concerning built-up land and farmland are
intensifying as rapid urbanisation and economic development. Since China’s Reform and
Opening-up Policy in 1978, the urban population in Fujian Province has risen from 13.70% in
1978 to 65.80% in 2018, which exceeded the national average urban population of 59.58%.
Furthermore, Fujian Province has experienced rapid economic growth, with its gross domestic
product (GDP) increasing from 6,637 million RMB in 1978 to 3,580,404 million RMB in 2018.
Such developments were mainly concentrated in the eastern coastal areas (Figure 3.d) where

built-up land is consuming the limited fertile plains.

Government of Fujian Province released its MFOZ to governing built-up land expansion to
align demands for economic development with farmland conservation and ecosystem
protection. The MFOZ divided 974 town-level administrative units (hereafter called towns)
into the development-optimized zones, the development-restricted zones, and the
development-restricted zones (Figure 3.e). Of the 974 towns, 20, 386, and 568 towns were
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located within the development-optimized zones, the development-prioritized zones, and the
development-restricted zones, respectively. The 20 towns that are located within the
development-optimized zones were excluded from the analysis, because it was not possible to
find enough suitable matching pairs from the development-prioritized and development-

restricted zones
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Figure 3. Fujian Province. (a) Location within China and administrative divisions; (b) The

topography; (c) The different land use types in 2015; (d) The population density in 2010; (e)
The MFOZ

2.1.2 Zhangzhou City in China and built-up land zoning

Zhangzhou City is a prefectural city in Fujian Province in southeastern China (Figure 4.a). It
includes 11 counties, which are further divided into 161 towns and finally into 1,662 village-
level administrative units (subsequently called villages). The area has strong agricultural roots.
It has fertile plains and is highly irrigated (Figure 4.b), which favors agricultural production
(e.g., vegetables, citrus fruits, bananas, and flowers (J. Huang et al., 2012)). Economic

development in this area traditionally depends on arable land and forest (Figure 4.c). Since
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China’s Reform and Opening-up Policy in 1978, Zhangzhou City has undergone rapid
population and economic development, especially in eastern coastal regions and at the
periphery of the city center (Figure 4.d). From 1978 to 2019 its GDP increased from 0.89 billion
to 474.18 billion RMB and its population increased from 3.44 million to 5.16 million. Such
development is intensifying the contradiction between built-up land expansion and farmland
protection (J. Huang et al., 2012; Jiang et al., 2019). The land use data of this dissertation show
that built-up land expanded from 442.39 km? in 1995 to 1000.84 km?in 2020. Correspondingly,
arable land decreased from 2883.50 km? to 2548.08 km? and forest decreased from 6802.45
km? to 6492.81 km?. Furthermore, some studies demonstrated that built-up land expansion
resulted in environmental degradation in this area. For example, built-up land expansion
increased water pollution (J. Huang et al., 2015). Ecosystem services have decreased
dramatically because a considerable amount of arable land and forest has been converted into

built-up land (H. Chen et al., 2020).

The land use plan in Zhangzhou City was approved in August 2010 and came to the end in
2020. Built-up land zoning is the core tool used to contain built-up land expansion in land use
planning. It divides a territory into four zone types: development-permitted zones,
development-permitted-conditionally zones, development-restricted zones, and development-
forbidden zones (Figure 4.e). Built-up land expansion is allowed only inside the first two zone
types (subsequently referred to collectively as development-permitted zones). However, large
amounts of built-up land were developed outside the development-permitted zones between
2010 and 2020 (Z. He et al., 2022). Thus, Zhangzhou City provides an excellent laboratory to

fulfill the research objectives in this dissertation.
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Figure 4. Zhangzhou City. (a) Location within China and Fujian Province and administrative
divisions; (b) The topography; (c) The different land use types in 2015; (d) The population

density in 2010; (e) The built-up land zoning

2.2 Methods

2.2.1 The PSM

The PSM was used to evaluate the casual effect of the MFOZ in containing built-up land
expansion of the 954 towns in Fujian Province between 2013 and 2020. Specifically, the casual
effect of the MFOZ was defined as the difference between the changes in the amount of built-
up land in the towns of the development-prioritized zones with the matched towns of the
development-restricted zones. The PSM-based evaluation consisted of four steps (Figure 5):
(1) select confounding variables and estimate propensity scores, (2) execute matching and

check balance, (3) evaluate the causal effect, and (4) conduct robustness tests.
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Step 2.1: Execute matching
(1:1 nearest neighbor matching
with no-replacement and
calliper = 0.01)

Step 3: Evaluate the causal Step 2. 2: Clie e
eticet (itest) balance (Standard mean
i difference <0.1)

Figure 5. Steps for the PSM-based evaluation

(1) Select confounding variables and estimate propensity score

The confounding variables that determine which the major function-oriented zone a town is

assigned to may also affect built-up land change. The following confounding variables was

selected in the PSM-based evaluation:

® Distance to water (Dis2water): Fujian Province is topographically dominated by

mountains and hills, as a result, settlements have a distinctive distribution pattern in areas

close to water. This variable was measured as the Euclidean distance from the town to the

nearest waterbody, via a Near tool in ArcGIS 10.6.

® Slope (Slope): Steep slopes increase the cost of construction and pose a higher risk of

erosion and landslides than flatter areas (Onsted & Chowdhury, 2014). This variable was

measured as the average slope within the town, via a Zonal Statistics tool in ArcGIS 10.6.

® FEconomic development (GDP): Built-up land expansion is strongly positively correlated

to economic development (Acuto et al., 2018; C. He, Huang, et al., 2014). This variable

was measured as the average GDP in 2010 within the town, via a Zonal Statistics tool in

ArcGIS 10.6.

® Population growth (Pop): Population growth increases the demand for built-up land (van
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Vliet et al., 2017). This variable was measured as the average population in 2010 within
the town, via a Zonal Statistics tool in ArcGIS 10.6.

® Road length (Road): Transport is usually considered as a determining factor influencing
land use change (Kasraian et al., 2019; X. Li et al., 2017). This variable was measured as
the length of road within each town in 2010, via a Intersect tool in ArcGIS 10.6.

® Distance to city center (Dis2cCity): Proximity to urban centers is an important driver for
built-up land expansion (Kasraian et al., 2019; Yin et al.,, 2018). This variable was
measured as the Euclidean distance from the town to the nearest prefectural city center, via
a Near tool in ArcGIS 10.6.

® Neighborhood effect: The neighborhood effect is an indispensable driver of land use
change (van Vliet et al., 2013; Verburg, de Nijs, et al., 2004). In general, planners prefer
compact strategies for built-up land expansion, in order to avoid the negative impacts of
built-up sprawl. Three types of neighborhood effect were used, the area of: arable land
(Nei_Arable); forest land (Nei_Forest) and built-up land (Nei_Builtup) neighboring town
i in 2010, using a Polygon Neighbor tool in ArcGIS 10.6. A first-order contiguity was
used to define the neighborhood relationship, that is, the towns that share an edge or a

corner will be considered as the neighboring towns.

Logistic regression was used to calculate the propensity scores via incorporating the
confounding variables as independent variables and the planning variable as a dependent

variable.

ps = Prob(Plan; = 11X;) = Bo + BiXi + €it (1)

The propensity score (ps) refers to the probability of the town i being assigned, in the
planning process, to the development-prioritized zones, given the selected confounding
variables (X;). The planning variable (Plan;) is a binary variable, where the value 1 was
assigned to towns located in the development-prioritized zones and the value 0 for towns within

the development-restricted zones.
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(2) Execute matching and check balance

I carried out 1:1 nearest neighbour matching. A town from the development-restricted zones
was chosen as a matching counterfactual when it was closest to the town of the development-
prioritized zones in terms of propensity score. I also set up matching without replacement, as
it can yield the most precise estimates in a relatively large dataset (Butsic et al., 2011). Nearest
neighbour matching risks poor matches if the closest neighbour is far away (Caliendo &
Kopeinig, 2008). To avoid this, I imposed a tolerance level of 0.01 on the maximum propensity
score difference (calliper). I imposed a common support by dropping the towns of the
development-prioritized zones whose propensity score was higher than the maximum or less

than the minimum propensity score of the towns of the development-restricted zones.

After PSM, I obtained 103 matched pairs (Figure 6.a) and checked the balance, that is, the
confounding variables between 103 matched towns of the development-prioritized zones and
103 matched towns of the development-restricted zones should be similar as much as possible

(Rosenbaum & Rubin, 1983). Standard mean difference can be used as a balance indicator and

is defined as (Austin, 2011):

sMp = L2 2)
51+SO
2

In which x; and X, are the means of the confounding variables of the towns in the
development-prioritized zones and development-restricted zones respectively. s? and s
denote the sample variances. Standard mean difference is not influenced by sample size and is
independent of the unit of measurement, which enables to compare the relative balance among
the different confounding variables (Zhang et al., 2019). A higher standard mean difference
indicates a higher dissimilarity in the confounding variables. The value 0.1 is considered as a
reasonable threshold for ignoring dissimilarity (Austin, 2011; Stuart et al., 2013). The results

of standard mean difference show in Annex A.1.

(3) Evaluate the causal effect
The causal effect of the MFOZ in built-up land expansion was estimated by comparing the
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difference in the mean built-up land expansion between 103 matched towns of the
development-prioritized zones and 103 matched towns of the development-restricted zones. To
reflect temporal changes in the causal effect of the MFOZ on built-up land expansion, I used
three time intervals: 2013-2015, 2013-2018 and 2013-2020 (Figure 6.b-d). I used a t-test to
assess the statistical significance of the causal effect, which enabled us to be less restrictive
with model specifications and to directly compare the results with the conventional

conformance-based evaluation.
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Figure 6. The matched towns and built-up land expansion in 2013-2015, 2013-2018 and 2013-
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2020 in Fujian Province

(4) Robustness tests

I tested the robustness of the results in two ways (Annex A2). First, the Rosenbaum bounds
sensitivity test was used to check whether the results were robust to potential hidden bias from
unobserved confounding variables. Second, the robustness of the matching algorithms was
tested by applying the different matching specifications, which included nearest neighbour

matching with multiple callipers, radius matching with multiple callipers, and kernel matching.

2.2.2 The PSM-DID

The PSM-DID approach was used to evaluate the causal effect of built-up land zoning in
containing built-up land expansion of the 1,662 villages in Zhangzhou City between 2010 and
2020. Specifically, the casual effect of built-up land zoning was defined as the difference
between the average built-up land expansion of the villages located inside the development-
permitted zones with that of similar villages located outside the development-permitted zones
(with-versus-similar-without difference), before and after plan implementation (before-versus-

after difference).

(1) Average effect
The DID model to estimate the average effect of built-up land zoning on built-up land

expansion was specified as follows:

BuLE;; = B(Develop; * Time;) + yN;; + 2?23%00 ¢G; x Year; + 2;23‘300 @P; x Year; +

u; + A+ & 3)

where BuLE;; is the dependent variable, representing the percentage of built-up land out of
the total land area in village i in year t. Develop; is a binary planning variable. Develop; =
0 if the village was assigned as being entirely outside the development-permitted zones,
otherwise Develop; = 1. Time; is a binary variable. The value 1 was assigned to the years
after the implementation of the land use plan (i.e., 2010, 2013, 2015, 2018, and 2020), and the
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value 1 to the years before the implementation (i.e., 1995, 2000, and 2005). The coefficient (f)
of the interaction term (Develop; * Time,) represents the causal effect of built-up land zoning

on built-up land expansion.

The other variables that could affect built-up land expansion were selected. N;; represents the
area of built-up land in the neighboring villages of village i in year t (Nei_Built.up;;). G;
represents geographical variables, such as Euclidean distance from village i to the nearest
waterbodies (Dis2water;) and to coastlines (Dis2coastline;), and the average elevation
within village i (Elevation;). P; represents proximity variables, including the Euclidean
distance from village i to the city center ( Dis2city; ), to the nearest county center

(Dis2county;), and to the nearest roads (Dis2road;).

Because the geographical and proximity variables are time-invariant, I followed the approach

proposed by Nunn and Qian (2011) to create the interaction terms (X.22%%,, ¢G; * Year; and

2020 0 @P; = Year;). The dummy variable Year; = 1if j € T = [2000, 2005, 2010, 2013,

2015, 2018, 2020], otherwise Year; = 0. I used two-way fixed effects to estimate the DID
model, where u; and A; were the individual and year fixed effects, respectively. The two-way
fixed effects model can eliminate omitted variable bias arising both from unobserved variables
that are constant over years but vary across villages and from unobserved variables that are
constant across villages but vary over years (Stock & Watson, 2019). Finally, the standard
errors were clustered at the village level to address potential serial correlation and

heteroscedasticity. €;; is the disturbance term.

Besides the binary planning variable, I explored the effect of the continuous planning variable

on built-up land expansion by specifying the following DID model:

BuLE; = B(Intensity;  Time,) + ¥ Ny + Y.325000 9G; * Year; + Y7250, @P; * Year; +

Uu; + At + Eit (4)

where Intensity; is a continuous planning variable by calculating the percentage of land that
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was assigned to the development-permitted zones in village i.

(2) Annual effect
In addition to the average effect, the annual effect of built-up land zoning on built-up land

expansion was estimated by specifying the following DID models:

BulLE; = Z?giggs Bj (Develop; * Year;) + yN; + 25221395 @G; * Year; + Z?gig% QP; *

Year; + w; + A, + & (5)
BuLE; = Y323095 B; (Intensity; * Year;) + y Ny + 2325005 9G; * Year; + Y3239q5 @P; *
Year; + u; + A, + & (6)

The binary (Develop;) and continuous (Intensity;) planning variables were used to obtain a
robust estimation. f8; represents the causal effect of built-up land zoning on built-up land
expansion in the years 1995, 2000, 2005, 2013, 2015, 2018, and 2020. I considered 2010-2020
the implementation period of the land use plan in Zhangzhou City and omitted the year 2010

as the baseline year, since the land use plan in Zhangzhou City was approved by the Fujian

Province government in August 2010 (https://www.596fc.com/news/article 616 _1.html).

(3) Parallel trend and selection bias

The key underlying assumption of the DID model is the parallel trend assumption (Wing et al.,
2018). This assumption requires that the villages located inside the development-permitted
zones had a parallel trend to those located outside these zones in terms of built-up land
expansion before the implementation of the land use plan. Another challenge in plan evaluation
is the selection bias inherent in the planning process (Abadie, 2005). The selection bias refers
to the systematic differences in the characteristics (e.g., geographical factors, proximity to
urban centers) between the villages located inside the development-permitted zones and those
located outside the development-permitted zones. Before estimating the DID model, the PSM

was used to overcome the above two challenges.

The propensity scores of the village being assigned, in the planning process, to the
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development-permitted zones were estimated by the following logistic regression model:

ps = Prob(Develop; = 1|X;) = Bo + BiXi + €t (7)

where ps represents the propensity score and Develop; is the binary planning variable. X;
are the confounding variables, which include the area of built-up land in the neighboring
villages of village i in 2010 (Nei_Built.up; ,010), built-up land expansion of village i in
2010 ( BuLE;,910 ), distance to waterbodies ( Dis2water; ), distance to coastlines
(Dis2coastline; ), elevation ( Elevation;), proximity to urban centers ( Dis2city; and
Dis2county;), and proximity to roads (Dis2road;). Based on the estimated coefficients f;,
the propensity score was calculated for each village. I carried out 1:1 nearest neighbor matching,
where a village assigned as being outside the development-permitted zones was chosen as the
matched counterfactual when it was closest to a village assigned as being inside the
development-permitted zones in terms of the propensity score. I set up matching without
replacement, which can obtain precise estimates in a relatively large dataset (Butsic et al., 2011).
I imposed a tolerance level of 0.05 on the maximum propensity score difference (i.e., caliper)

to avoid poor matches if the closest neighbor is far away (Caliendo & Kopeinig, 2008).

(4) Robustness test
Event study, balance check, and placebo test were used to check whether the causal effect
estimated by the PSM-DID was robust (Annex A.4). An event study was used to check whether

the parallel trend assumption was satisfied. The model for the event study is the same as model
BuLE; = ?2895 B; (Develop; * Year;) + yN; + ]2'221(;95 ¢G; x Year; + ?221895 @P; *

Year; + u; + A, + €4 (5), which is commonly
used to test the parallel trend assumption (Jacobson et al., 1993). B; should be non-significant

for the pre-implementation years (i.e., 1995, 2000, and 2005) if the parallel trend assumption

was satisfied. The results of the event study show in Annex A.5.1.

The standard mean difference (model 2) was used to check the extent to which PSM reduced
the selection bias (Austin, 2011). A higher standard mean difference indicates a larger
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difference in the confounding variables. The value 0.1 is considered a reasonable threshold for
ignoring this difference (Austin, 2011; Stuart et al., 2013). The results of standard mean

difference show in Annex A.5.2.

I conducted a placebo test using model (3). All variables are the same except for Time,. Here,
I falsely assumed that the land use plan in Zhangzhou City was approved in 2005, before the
actual implementation year. Time; equals 1 in the years 2005, 2010, 2013 2015, 2018, and
2020, and it equals O in the years 1995 and 2000. Because Time, was falsely specified, the
coefficient of Develop; * Time, should be non-significant. A placebo test can also be used to
detect an anticipation effect (Fang & Tian, 2020). Stakeholders might have acted in anticipation
of the coming regulations. If the coefficient of Develop; * Time; is significant, the land use
plan in Zhangzhou City might have started to have an effect before 2010. The results of the

placebo test show in Annex A.5.3.

2.2.3 Conformance-based evaluation

Conformance-based evaluation was carried out in Fujian Province, because it does not consider
selection bias. In the conformance-based evaluation, the effect of the MFOZ was estimated by
comparing the difference in the mean built-up land expansion between 386 towns of the
development-prioritized zone and 568 towns of the development-restricted zone in 2013-2015,

2013-2018 and 2013-2020. The t-test was used to assess the statistical significance.

The conformance-based evaluation was also used to evaluate the extent to which built-up land
zoning contained built-up land expansion in Zhangzhou City between 2010 and 2020. First, 1
built a layer of actual built-up land expansion between 2010 and 2020, using an Erase tool in
ArcGIS 10.6. The years 2010 and 2020 were selected because the land use plan in Zhangzhou
City was approved in 2010 and came to an end in 2020. I then intersected actual built-up land
expansion with built-up land zoning, using an Intersect tool in ArcGIS 10.6, to identify built-
up land expansion that occurred outside the development-permitted zones (i.e., non-

conforming built-up land expansion).
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Next, I analyzed land use changes in the regions where the non-conforming built-up land
occurred. I intersected the non-conforming layer with the land use layer in 2010 to calculate
how much arable land, forest, grassland, water, and bare land was converted to the three non-
conforming built-up land uses, i.e., urban built-up land, rural settlements, and

industrial/mining/transportation land.

Lastly, I identified three expansion types of the non-conforming built-up land, i.e., infill, edge,
and outlying. I sed the ratio (R) of the length of the common boundary shared by a non-
conforming built-up land developed between 2010 and 2020 and the existing built-up land in
2010 (L.) to the perimeter of the non-conforming built-up land (L) to identify expansion types
(Sun et al., 2013; Wilson et al., 2003; C. Xu et al., 2007). The ratio was formulated as follows:

R="e/, (®)

where the value of R ranged from O to 1. Infill expansion had an R value > 0.5, indicating that
the non-conforming built-up land was surrounded by at least 50% existing built-up land (Figure
7.a). Edge expansion has 0 < R < 0.5, indicating that the non-conforming built-up land is
surrounded by < 50% existing built-up land (Figure 7.b). With outlying expansion R =0, i.e.,

the non-conforming built-up land is isolated from the existing built-up land (Figure 7.c).
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Figure 7. Examples of infill, edge, and outlying expansion of non-conforming built-up land

2.2.4 The SAR
The SAR models were built to estimate the peer effects on non-conforming built-up land

expansion among 307 villages (LeSage & Pace, 2009). The SAR model was specified as:

NC_Builtup; = a + pW = NC_Builtup; + BX; + ¢; 9)

where the dependent variable (NC_Builtup;) is the non-conforming built-up land developed
between 2010 and 2020, expressed as a percentage of the total land area in the village i.
W * NC_Builtup; is the spatially lagged dependent variable. W is a spatial weight matrix. It
has zero diagonal elements (w;;) and off-diagonal elements (w;;). w;; represents the peer

relationship between village i and village j.

This dissertation defined the five peer relationships: (1) W% represented the geographical

Geo

peer relationship, where w;;™ equaled 1 if village j was one of the 10-nearest neighbors of

village i based on actual road network distance, otherwise 0 (Figure 3a); (2) WPFoU

represented the political peer relationship, where Wg-o” equaled 1 if villages i and j were

located in the same county, otherwise 0 (Figure 3b); (3) WE¢™ represented the economic peer
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relationship, with wl-b;-c"" = 1/(|PGDP; — PGDP]-| + 1), where PGDP was the GDP per capita

in 2010 (Figure 3c); (4) WEEC™ represented the geographical-economic peer relationship

combining W% and WE™  where wg-EC"n =1/(|PGDP; — PGDP]-| + 1) if village j was

one of the 10-nearest neighbors of village i based on actual road network distance, otherwise

0 (Figure 3d); (5) WFE™ represented the political-economic peer relationship combining

WPl and WE™ | where w[®" = 1/(|PGDP; — PGDP;| + 1) if villages i and j were

located in the same county, otherwise 0 (Figure 3e). All spatial weight matrices were row
normalized to make each row sum to one. p was the spatial autoregressive coefficient of
interest; it represented the effect of the different peer relationships on the village’s non-
conforming expansion of built-up land. a was the intercept, X; were control variables, f was
the influence of the control variables on non-conforming expansion of built-up land, and ¢;
was the disturbance term. To overcome heteroskedasticity, I used a generalized spatial two-

stage least squares estimator to estimate the SAR model (Drukker et al., 2013).
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Figure 8. Illustrations of the considered peer relationships: (a) geographical, (b) political, (c)

economic, (d) geographical-economic, and (e) political-economic.

While research on the causes why built-up land often did not conform to zoning is scarce, the
extensive literature on spatial patterns and drivers of built-up land development helped us to
specify our models. Furthermore, our models helped us to gain insight on whether the same
factors driving built-up land expansion also contributed to non-conforming expansion of built-
up land. The following control variables were included in the SAR model: (1) Built-up land is
significantly affected by rivers and coastlines (le Berre et al., 2016; G. Tian & Wu, 2015). I
measured the Euclidean distance from village i to the nearest river (Dis2water;) and to the
nearest coastline ( Dis2coast; ). (2) Urban accessibility drives built-up land expansion
(Kasraian et al., 2019; Yin et al., 2018). I used the closest road network distance from village
i to the city center (Dis2Zcity;) and to its county center (Dis2county;). (3) Mountainous and
hilly terrain increases construction costs and restricts built-up land expansion (Onsted &
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Chowdhury, 2014; Zhong et al., 2011). I measured the average elevation and relief in village i

(Elevation; and Relief;). (4) Built-up land tends to stretch along roads (Poelmans & van
Rompaey, 2010; G. Tian & Wu, 2015). I measured the Euclidean distance from village i to the
nearest road (Dis2road;), considering expressways, national highways, and provincial roads.

(5) Natural land is a main source of built-up land expansion (Abrantes et al., 2016; Lichtenberg
& Ding, 2008). Meanwhile, considering the constraints of mountainous and hilly terrain, I
measured the percentage of arable land, forest, grassland (slope <5 degree) out of the total land
area in village i in 2010 (Arablel0;, Forest10;, and Grass10;). (6) Built-up land
development is influenced by the previous tendency, i.e., path dependence (Colsaet et al., 2018).
I measured the percentage of built-up land out of the total land area in village i in 2010
(Builtup10;). (7) Economic development promotes the need for built-up land (Park et al., 2018;
Y. Zhou et al., 2017). I used GDP per capita in 2010 to represent economic development in
village i (PGDP10;). Because census data on GDP per capita at the village level are
inaccessible in China, I used raster data to extract GDP and total population at the village level.

(8) Abundant development-permitted zones can restrict non-conforming expansion of built-up
land (Gennaio et al., 2009). I measured the percentage of land located inside the development-

permitted zones out of the total land area in village i (DPZ;).

2.3 Data sources

Table 1. Overview of the variables in the PSM, PSM-DID, and SAR

Variables Descriptions Unit Data sources
Outcome variables in PSM
- Changes in the amount of built-up land in ~ km? RESDC
the town between 2013 and 2015
- Changes in the amount of built-up land in ~ km? RESDC
the town between 2013 and 2018
- Changes in the amount of built-up land in ~ km? RESDC

the town between 2013 and 2020

Planning variable in PSM

Plan 1 was assigned to towns located in the - Local
development-prioritized zones and the government
value 0 for towns within the development-
restricted zones.

Confounding variables in PSM
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Dis2water
Slope

GDP

Pop

Road
Dis2city
Nei_Arable
Nei_Forest

Nei_Builtup

Euclidean distance from the town to the
nearest waterbody
Average slope within the town

Average GDP in 2010 within the town

Average population in 2010 within the
town
The length of road within the town in 2010

Euclidean distance from the town to the
nearest prefectural city center

Area of arable land in neighboring towns
in 2010

Area of forest land in neighboring towns
in 2010

Area of built-up land in neighboring towns
in 2010

Dependent variables in PSM-DID

BuLE

Percentage of built-up land out of the total
land area in the village

Planning variables in PSM-DID

Develop

Intensity

1 means the villages that were partially or
entirely located inside the development-
permitted zones, and 0 means the villages
that were entirely located outside the
develop-permitted zones

The percentage of land assigned to the
development-permitted zones in the
village

Control variables in PSM-DID

Dis2water
Dis2coastline
Elevation
Dis2city
Dis2county

Dis2road

Euclidean distance from the village to the
nearest waterbody

Euclidean distance from the village to the
nearest coastline

Average elevation within the village

Euclidean distance from the village to the
city center

Euclidean distance from the village to the
nearest county center

Euclidean distance from the village to the
nearest road
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km
Degree
million
RMB
no. of
persons
km

km
km?

km?

km?

%

%

km
km
km
km
km

km

RESDC

Local
government
RESDC

China
Science Data
Navinfo
Company
Local
government
RESDC

RESDC

RESDC

RESDC

Local
government

Local
government

RESDC
RESDC

Local
government
Local
government
Local
government
Navlinfo
Company



Nei_Built.up  Area of built-up land in neighboring

villages

Dependent variables in SAR

NC_Builtup

Percentage of non-conforming built-up
land developed between 2010 and 2020
out of the total land area in the village

Spatial weight matrix in SAR

WGeo

WPOIi

WEcon

WGEcon

WPEcon

1 if village j was one of the 10-nearest
neighbors of village i based on actual
road network distance, otherwise 0

1 if villages i and j were located in the
same town, otherwise 0

wi" = 1/(|PGDP; — PGDP;| + 1),
where PGDP was the GDP per capita in
2010

wiFe" = 1/(|PGDP; — PGDP;| + 1) if

village j was one of the 10-nearest

neighbors of village i based on actual
road network distance, otherwise 0

wiFe" = 1/(|PGDP; — PGDP;| + 1) if

villages i and j were located in the same
county, otherwise 0

Control variables in SAR

Dis2water
Dis2coast
Dis2city
Dis2county
Elevation
Relief
Dis2road
Arablel0

Forest10

Euclidean distance from the village to the
nearest waterbody

Euclidean distance from the village to the
nearest coastline

Euclidean distance from the village to the
city center

Euclidean distance from the village to the
nearest county center

Average elevation within the village

Average relief within the village

Euclidean distance from the village to the
nearest road

Percentage of arable land (slope <5
degree) out of the total land area in 2010
Percentage of forest (slope < 5 degree) out
of the total land area in 2010
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km?

%

km

km

km

km

km

km

%

%

RESDC

RESDC

Author's own
calculations

Author's own
calculations
Author's own
calculations

Author's own
calculations

Author's own
calculations

RESDC
RESDC

Local
government
Local
government
Local
government
Author's own
calculations
Navlinfo
Company
RESDC

RESDC



Grassl0
Builtup10

PGDP10

DPZ

Percentage of grassland (slope < 5 degree)
out of the total land area in 2010
Percentage of built-up land out of the total

land area in 2010

GDP per capita in the village in 2010

Percentage of land located inside the
development-permitted zones out of the

total land area in the village

%
%

10, 000
RMB/person

%

RESDC

RESDC

China
Science Data

Local
government
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3. Results

3.1 Causal effect of spatial planning on built-up land expansion

The results from the PSM-based evaluation shows that the MFOZ was effective in containing
built-up land expansion in Fujian Province between 2013 and 2018 and between 2013 and 2020
(Table 2). The mean difference in evaluation interval of 2013-2020 is 0.77 km?. It indicates that
each of the 103 matched towns assigned within the development-restricted zone would have
additionally expanded by 0.77 km? of built-up land if there would have been no the MFOZ. In
aggregate, a total of 79.31 km? of built-up land was prevented within the development-

restricted zone in Fujian Province between 2013 and 2020.

Table 2. Results concerning the area of built-up land expansion in the development-prioritized
zones and development-restricted zones estimated from the conformance-based and PSM-

based evaluation in Fujian Province in 2013-2015, 2013-2018, and 2013-2020

Development Development Mean

Evaluation Evaluation - . . Evaluation
methods interval -prioritized -restricted difference results
zones (km?)  zone (km?) (km?)
PSM-based 2013-2015 0.44 0.37 0.07 Ineffective
evaluation 2013-2018 1.01 0.60 0.41%* Effective
2013-2020 1.43 0.66 0.77%** Effective
No. of towns 103 103 - -
Conformanc 2013-2015 0.61 0.20 0.41*** Effective
e-based 2013-2018 0.97 0.34 0.63%** Effective
evaluation 2013-2020 1.57 0.46 [.11%*%* Effective
No. of towns 386 568 - -

Note: “*7, “**” and “***” yepresent the mean difference of built-up land expansion area
between the towns in the development- prioritized zones and the development- restricted zone

are significant at the 10%, 5%, and 1% level, respectively.

The results based on the PSM-DID suggest that built-up land zoning played a causal role in
containing built-up land expansion in Zhangzhou City between 2010 and 2020. The coefficient
of Develop; * Time, indicates a 1.21% increase in built-up land area in the villages assigned
to the development-permitted zones at the absence of built-up land zoning (Table 3). To

interpret the practical meaning of the coefficient, I assumed that every matched village had the
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identical total land area (5.74 km?), which is the mean of the total land area in the 772 matched
villages. The coefficient (1.21%) indicates that each of the matched villages assigned as being
outside the development-permitted zones would have expanded by an additional 0.07 km? of
built-up land if there were no built-up land zoning. In aggregate, a total of 27.02 km? of built-
up land was prevented outside the development-permitted zones during the implementation of
the land use plan, considering that there were 386 matched villages assigned as being outside
the development-permitted zones. The actual built-up land expansion outside the development-
permitted zones between 2010 and 2020 was 83.23 km?, with zoning preventing an additional
32.46% of built-up land expansion outside the development-permitted zones. I further
controlled for the continuous planning variable and found that an additional percentage of land

area assigned to the development-permitted zones increased built-up land expansion by 0.06%.

Table 3. Average effect of built-up land zoning on built-up land expansion in Zhangzhou City

between 2010 and 2020
Model 3 Model 4
Develop; * Time; 1.21* (0.67)
Intensity; x Time; 0.06** (0.03)
Village fixed effect Yes Yes
Year fixed effect Yes Yes
R? 0.19 0.19
Hausman test 98.60 *** 103.50***
No. of matched villages 386 386
(Develop; = 1)
No. of matched villages 386 386
(Develop; = 0)
No. of years 8 8
No. of observations 6176 6176

Note: The clustered standard errors of the coefficients are given in parentheses; *, ** and ***
denote a significance level of 10%, 5%, and 1%, respectively; a Hausman test shows that a
fixed effect model is better than a random effect model, the other coefficients are listed in Table

A2 in the Annex A.3.

3.2 The discrepancy between causal effect and plan effect evaluated by conformance-

based evaluation
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The conformance-based evaluation shows contrasting effect of spatial planning in built-up land
expansion. The conformance-based evaluation estimated a larger effect of the MFOZ than the
PSM-based evaluation in Fujian Province. For example, the conformance-based evaluation
shows that the towns in the development-restricted zone experienced lower built-up land
expansion (on average 1.11 km? less built-up land expansion) than the towns in the
development-prioritized zone between 2013 and 2020 (Table 2). However, the mean difference

is much lower when using the PSM-based evaluation (0.77 km?).

The conformance-based evaluation shows that the newly developed built-up land area between
2010 and 2020 is 144.75 km? in Zhangzhou City, of which the non-conforming built-up land
expansion accounted for 67.61% (97.87 km?). This finding indicates that large amount of the
built-up land occurred outside the development-permitted zones, despite the fact that built-up

land zoning played a causal role in containing built-up land expansion via PSM-DID.

3.3 Temporal variation in causal effect of spatial planning

The results suggest a time-lag effect existed in the initial period of plan implementation. The
PSM-based evaluation shows that the t-test was insignificant in 2013-2015 (Table 2). It
indicates that the MFOZ was ineffective in restricting built-up land expansion in the
development-restricted zone at the start of its implementation (i.e., 2013-2015) in Fujian
Province. In the intervals 2013-2018 and 2013-2020, the t-test became significant. This
suggests that the causal effect of the MFOZ varied, from ineffective at the start of its

implementation to effective later in its implementation period.

Likewise, built-up land zoning did not play a causal role in containing built-up land expansion
at the start of its implementation in Zhangzhou City, because the coefficients of
Develop; * Yearyy13 (-0.02, p=0.50) and Intensity; * Yearyp13 (0.0003, p=0.60) were close
to zero and non-significant (Figure 9). However, the coefficients of Develop; * Yearyyis
(0.97, p=0.06), Intensity; * Yearyp15 (0.04, p=0.02), and Intensity; * Yearyy1g (0.06,

p=0.05) were positive and significant at the 10% level. These results indicate that built-up land
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zoning started to play a causal role in containing built-up land expansion after 2013.

Besides the time-lag effect, built-up land zoning became ineffective in containing built-up land

expansion as time elapsed (Figure 9). The coefficients of Develop; * Yearyy,5 (0.77, p=0.13)

and Develop; * Yearyp,o (0.70, p=0.21) decreased and became non-significant. This means

that

202

built-up land zoning was ineffective in containing built-up land expansion in 2018 and

0. When I controlled for the continuous planning variable, the coefficient of Intensity; *

Year,o, (0.05, p=0.10) also decreased and became non-significant.
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Figure 9. The coefficients of Develop; * Year; in model 5 and Intensity; » Year; in model

6; the other coefficients are listed in Table A3 in the Annex A .4

3.4 Characteristics of non-conforming built-up land expansion in Zhangzhou City

In Zhangzhou City, the newly developed built-up land area between 2010 and 2020 covered
144.75 km?, with non-conforming built-up land expansion accounted for 67.61% (97.87 km?).
There was 376.21 km? of non-built-up land inside the development-permitted zones in 2020.
Thus, the development-permitted zones would have been sufficient to contain the entire
expansion of built-up land between 2010 and 2020. Arable land and forest were the main
sources of non-conforming built-up land expansion (Figure 10). They contributed 53.61 km?
and 21.67 km? of non-conforming built-up land expansion, respectively. The non-conforming

built-up land was mainly used as industrial/mining/transportation land (71.27km?) and rural
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settlements (16.91 km?).

Arable land Forest Grassland Water Bare land
(53.61 km?) (21.67 km?) (13.75km?) (8.31km?)  (0.53 km?)

0.09 km?

0.44 km?

Urban built-up land Rural settlements Industrial/mining/transportation
(9.69 km?) (16.91 km?) land (71.27 km?)

Figure 10. Land use changes from arable land, forest, grassland, water, and bare land to non-
conforming urban built-up land, rural settlements, and industrial/mining/transportation land in

Zhangzhou City between 2010 and 2020

Edge expansion was the dominant type of non-conforming built-up land expansion (Figure 11).
It accounted for 94.23% (9.14 km?), 89.83% (15.19 km?), and 77.32% (55.1 km?) of the non-
conforming urban built-up land, rural settlements, and industrial/mining/transportation land
expansion, respectively. The non-conforming industrial/mining/transportation land had more
outlying expansion than the other two non-conforming built-up land uses. Only a small

percentage of the non-conforming built-up land expansion was infill expansion.
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Figure 11. Areas of the infill, edge, and outlying expansion types in the non-conforming urban
built-up land, rural settlements, and industrial/mining/transportation land in Zhangzhou City

between 2010 and 2020

3.5 Peer effects of non-conforming built-up land expansion in Zhangzhou City

3.5.1 Performance of the SAR

Pseudo R? values ranged from 0.160 to 0.194 (Table 4). Large unexplained variation in the
villages’ non-conforming expansion of built-up land was expected, as non-conforming built-
up land expansion can be sensitive to local-scale land-use activities and the sudden
appearance of land development opportunities (Padeiro, 2016). The high degree of
randomness and uncertainty might be explained by omitted variables I could not include in the

models, such as villagers’ livelihoods or their attitudes toward zoning regulations.

3.5.2 Peer effects on villages’ non-conforming built-up land expansion
p values were significant at the 10% level for all five peer relationships, meaning that the
peer effects were indispensable in explaining non-conforming expansion of built-up land at

the village level (Table 4). The p values indicated that a given village’s non-conforming
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built-up land area increased by 3.9%, 6.2%, and 22.5% if its geographical peers, political
peers, and economic peers increased in non-conforming built-up land area by 10%.
Regarding combined peer relationships, economic competition enhanced the geographical and
political peer effects. The p value of the geographical-economic (0.47) and the political-
economic peer relationships (0.71) were higher than those of the geographical (0.39) and

political peer relationships (0.62).

3.5.3 Other drivers of villages’ non-conforming built-up land expansion

While the statistical significances of some control variables varied in our models, positiveness
and negative of their coefficients were relatively stable. I presented the empirical meaning of
the control variables whose statistical significances all were significant at the 10% level in the
five SAR models. DisZ2county had positive coefficients, indicating that the non-conformance
was less likely to occur in the villages that are closer to the county centers. One reason for this
finding could be that development pressure is concentrated around the city center, rather than
the county centers in Zhangzhou City. The coefficients of Elevation were negative,
indicating that the villages at lower elevations had more non-conforming expansion of built-up
land. The positive coefficients of Arable10; and Grass10; suggest that the villages with
more available arable land and grassland in 2010 had more non-conforming built-up land
expansion between 2010 and 2020. DPZ had negative coefficients, indicating that the villages
with less land allocated to the development-permitted zones developed more non-conforming

built-up land.

Table 4. Results of the SAR

Peer ] .. ) Geographical- Political-
. . Geographical  Political ~ Economic grap . .
relationships economic economic

p 0.39%* 0.62%%* 2.25% 0.47** 0.71%%*
(0.17) (0.18) (1.34) (0.16) (0.20)

Dis2water 0.083 0.14* 0.065 0.092 0.15*
(0.075) (0.081)  (0.084) (0.076) (0.079)

Dis2coast 0.041 0.045 0.042 0.041 0.049
(0.039) (0.041)  (0.042) (0.039) (0.042)
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Dis2city -0.023 -0.023 -0.036** -0.018 -0.019

(0.017) (0.016) (0.017) (0.016) (0.017)

Dis2county 0.14%** 0.15*** 0.19*** 0.12** 0.13**
(0.053) (0.054) (0.058) (0.053) (0.053)

Elevation -16.0%** S21.9%**  L21.7F** -13.6** -20.2%**
(5.97) (6.13) (5.76) (6.12) (6.00)

Relief 0.18 0.24 0.26* 0.15 0.24

(0.15) (0.15) (0.15) (0.15) (0.15)
Dis2road 2.36** 2.21* 1.98 2.26* 2.20*
(1.18) (1.23) (1.27) (1.19) (1.24)

Arablel0 0.14*** 0.14*** 0.15*** 0.14*** 0.15%**
(0.044) (0.044) (0.043) (0.044) (0.044)

Forest10 0.074 0.081* 0.090* 0.075 0.082*
(0.048) (0.048) (0.049) (0.049) (0.049)

Grass10 0.36** 0.35** 0.37** 0.37** 0.36**
(0.16) (0.16) (0.16) (0.15) (0.16)
Builtup10 0.086 0.083 0.087* 0.083 0.087
(0.053) (0.052) (0.052) (0.052) (0.054)
PGDP10 -0.21* -0.21* -0.066 -0.15 -0.15
(0.12) 0.12) (0.15) (0.12) (0.11)

DPZ -0.061*** -0.057**  -0.055** -0.064***  -0.061***
(0.023) (0.023) (0.023) (0.024) (0.023)
Pseudo R? 0.194 0.177 0.177 0.190 0.160
Obs. 307 307 307 307 307

Note: Standard errors are given in parentheses; p-values of the LM tests are given in brackets;

* p<0.10, ** p<0.05, *** p<(.01
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4. Discussion

4.1 Do we get closer to causality?

While the ineffectiveness of spatial planning on containing built-up land expansion is common
around the world (Abrantes et al., 2016; Alfasi et al., 2012; Guo et al., 2020; Kleemann et al.,
2017; Sharifi et al., 2014; L.-G. Wang et al., 2014), most previous research did not answer the
question of how built-up land expansion would have differed in the absence of spatial planning.
The findings from the PSM and PSM-DID show that built-up land would have expanded by an
additional 27.02 km? and 79.31 km? if there were no built-up land zoning in Zhangzhou City
(2010-2020) and the MFOZ in Fujian Province (2013-2018). The findings are consistent with
some research suggesting the effectiveness of spatial planning in containing built-up land
expansion via a DID model (Dempsey & Plantinga, 2013; Fang & Tian, 2020). For example,
Fang and Tian (2020) found that construction land would have expanded by an additional 70
ha annually for each city in the absence of construction land quotas, which have been broken

in over one-third of Chinese cities.

The conventional conformance-based evaluation led to inaccurate evaluations resulting from
selection bias. Within the conformance-based evaluation, the changes in built-up land may be
a result of the confounding variables and less so of spatial planning, since the confounding
variables affected both the assignment to a planning status and the changes in built-up land.
For example, Dis2city had not only a negative impact on the probability of a town being
assigned to the development-prioritized zone during the making of the MFOZ, but also had a
negative impact on built-up land expansion. The conformance-based evaluation attributed the
effect of Dis2city on built-up land expansion to the effect of the MFOZ. It exaggerates the
effect of the MFOZ on built-up land expansion. Whereas, the PSM-based evaluation eliminated
the effect of Dis2city on built-up land expansion, thereby identifying solely the effect of the
MFOZ on built-up land expansion. That is, the causal effect of spatial planning on built-up land
expansion should be conceptualized as the built-up land expansion that is solely attributable to

spatial planning.
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The discrepancy between the findings from the PSM and PSM-DID and most previous research,
which suggested the failure of spatial planning in containing built-up land expansion, results
from how the effect was defined. In previous studies, the effect was commonly evaluated by
comparing the actual built-up land expansion with the intended built-up land expansion. This
is also the principle of the conformance-based evaluation. The conformance-based evaluation
considers the effect of spatial planning on land use change as the combined effect brought about
by spatial planning in combination with other forces, e.g., geographical, socio-economic or
proximity factors (Wong & Watkins, 2009). However, the combined effects of spatial planning
and other forces lead to inaccurate results. This dissertation defines the causal effect as the
difference between the actual built-up land expansion and the counterfactual built-up land
expansion that would have occurred without spatial planning. This definition descends from
Lewis’s theory of causality based on counterfactual thinking (Lewis, 1973). The results from
the PSM and PSM-DID provide compelling causal evidence for the effectiveness of spatial
planning in containing built-up land expansion. The question of how to define the effect is still
controversial in plan evaluation (E. Alexander, 2009; Baer, 1997; Wong & Watkins, 2009). As
Baer (1997) suggested, implementation evaluation of spatial planning may fall into either a
glass-half-empty or a glass-half-full perspective. The former results in discouragement due to
non-conformance between the plan and reality, while the latter is optimistic when reality turns

out to be more like the plan than it would have been without the plan.

4.2 Time in plan evaluation

Time influences the occurrence and evaluation of plan success or failure (Baer, 1997; Bressers
etal., 2013; Loh, 2011). However, empirical evidence for whether and how the effect of spatial
planning varies across time is rare. The findings from the PSM and PSM-DID show that the
time-lag effect existed in the initial implementation period of built-up land zoning and the
MFOZ. Land use planning is a top-down system in China: planning at lower administrative
levels needs to comply with the guidelines set by higher administrative levels. It is inevitable
that the lower-level governments spend considerable amounts of time coordinating with the

higher-level land use planning authorities to develop their land use decision-making. The land
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use plan in Zhangzhou City was approved in August 2010. Based on the findings, it is
reasonable to observe that built-up land zoning started to play a causal role in containing built-
up land expansion after 2013. The MFOZ, which was only developed at the national and
provincial levels, lacks local administrative measures and implementation regulations. Thus, it
is inevitable that the implementation of the MFOZ is immensely costly in terms of time. For
example, the smallest unit of the Fujian’s MFOZ is a town, which means every town only has
one major function-oriented zone. Such coarse zoning results in town-level governments
spending considerable amounts of time coordinating with the superior government to develop

their local corresponding spatial regulations.

Time makes the effect of spatial planning on land use change more difficult to evaluate, as the
effect is delayed. Plan evaluation is insufficient if the temporal dimension during plan
implementation is not considered adequately. To ensure rigorous plan evaluation, future work
should include a temporal match between the planned and evaluated time horizons, thereby
making it possible to look at the entire planning cycle, and should incorporate multiple time
points representing detailed dynamics of plan implementation. Such future work will be
supported by the digitalization of plan data in public administration (Hersperger & Fertner,

2021) and by publicly available land use data at a fine spatio-temporal scale.

4.3 Concerns about non-conforming built-up land expansion

The large amount of non-conforming built-up land expansion in 307 of the 1,662 villages of
Zhangzhou City between 2010 and 2020 raises serious concerns. The percentage (67.61%) of
newly developed built-up land outside the development-permitted zones was higher than in
most previous studies. For example, < 30% of the total developed land was found to occur
outside building zones in Switzerland (Gennaio et al., 2009). In studies in developing countries
(e.g., China, Brazil, Pakistan, Ethiopia), non-conformance rates of 50-60% were often reported
(Bulti & Sori, 2017; Hussain & Nadeem, 2021; Liu et al., 2020; Menzori et al., 2021; L. Tian
& Shen, 2011; L.-G. Wang et al., 2014). These findings suggest that the non-conformance of

built-up land expansion to zoning regulations increases with greater development pressure, as
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discussed by Brody & Highfield (2005) and Loh (2011). The concentration of all non-
conforming built-up land expansion in 307 of the 1,662 villages means that only a few villages
were affected, but often to a high degree. One reason for this pattern could be that the planning

authority in Zhangzhou City underestimated the development pressure in these villages.

The non-conforming built-up land expanded at the expense of arable land and forest in
Zhangzhou City. This finding is consistent with previous research in Israel, Spain, and China
(Alfasi et al., 2012; Padeiro, 2016; Shen et al., 2019). This pattern may threaten food security,
biodiversity, and landscape quality. Industrial/mining/transportation land accounted for 72.82%
of the newly developed non-conforming built-up land. Likewise, Shen et al. (2019) found that
manufacturing land accounted for 48% of the non-conforming urban land in Baiyun County in
southwestern China. In contrast, residential land development was found to be the main type
of non-conforming built-up land expansion in Ethiopia and Brazil (Bulti & Sori, 2017; Menzori
et al., 2021). The prominence of non-conforming industry/mining/transportation development
is closely associated with the land supply strategies of local governments in China. That is,
under a government-led land market, local governments supply a limited amount of residential
and commercial land to developers, in order to increase land-leasing fees, but lease out
abundant industrial land at low prices to attract manufacturing investment (M. Cai, 2017; Z.
Huang & Du, 2017; Shen et al., 2019). While the extensive non-conforming development of
industry/mining/transportation land promotes local economic growth in the short term, it may

lead to an overheated economy, excess production capacity, and inefficient land use.

Edge expansion was the dominant type of non-conforming built-up land expansion is
inconsistent with some previous research suggesting that non-conforming built-up land
expansion occurs in a fragmented way (Abrantes et al., 2016; Guo et al., 2020; Yue et al., 2013).
The results of this dissertation suggest that, while non-conforming built-up land does continue
to spread outward, it mostly contributes to reducing landscape fragmentation and improving

urban agglomeration.
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4.4 Varying peer effects on villages’ non-conforming built-up land expansion

While a disparity between established zoning regulations and built-up land expansion is
common around the world, the drivers of such non-conforming built-up land expansion have
only been empirically investigated in a few studies (Alterman & Hill, 1978; Brody et al., 2006;
Padeiro, 2016). Furthermore, few attempts have been made to analyze the spatial
interdependencies of local governments’ land use behaviors of violating established zoning
regulations. So far, research has only confirmed that geographical contiguity matters in non-
conforming built-up land expansion among 262 of the prefecture-level cities in China (J. Wang
et al., 2020). In this dissertation, I found five positive peer effects driving villages to violate
zoning regulations in Zhangzhou City between 2010 and 2020. That is, a given village’s non-
conforming built-up land area increased to varying degrees as their geographical peers, political
peers, economic peers, geographical-economic peers, and political-economic peers expanded

their non-conforming built-up land area.

An interesting finding is that the economic peer effect enhanced the geographical and political
peer effects, as the geographical-economic and the political-economic peer effect were
higher than the geographical and political peer effect, respectively. This finding indicates
that the primary motivation for villages to violate zoning regulations is to compete more
effectively for economic growth. This fits with the common view that China’s local
governments, which compete fiercely for economic growth, loosen established regulatory
rules (e.g., lower environmental standards, lenient land development permissions, lower
industrial land prices) to attract investment, essentially leading a “race to the bottom” (Z.
Huang & Du, 2017; Peng, 2020; B. Wang et al., 2020). This finding is original since little
attention is given to the village-level governmental (the lowest level in China’s top-down

administrative hierarchy) race to the bottom in zoning regulation.

Institutional background determines the village-level governmental race to the bottom in
zoning regulation. While the village committees can be considered a superior governmental

agent, their authority relies considerably on the support of local villagers. The villagers’ support
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often depends heavily on how many development opportunities the village committee can
secure for the village (X. Zhou, 2009). In this case, villagers and villager committees make
comparisons between geographical, political, and economic peer. And economic performance
become a vital benchmark when comparing. This argument is reinforced by the fact that most
non-conforming built-up land in Zhangzhou City has been converted to
industrial/mining/transportation land, which is highly profitable and allows local
governments to increase their revenues and employment and thus boost their economy (C.

He et al., 2014).

4.5 Policy implications

Spatial planning in China is under unprecedented pressure to fulfill the task of containing built-
up land expansion resulting from rapid urbanization. Criticism of its effectiveness is prevalent,
as a concerning degree of non-conformance between spatial planning and the actual built-up
land expansion have been reported in many cities (Guo et al., 2020; T. Liu et al., 2020; Shao et
al., 2018; Shen et al., 2021), and the credibility of spatial planning is therefore declining. The
findings of this dissertation suggest, however, that a lack of conformance alone does not mean
that causality does not exist. Indeed, the findings suggest that spatial planning played a causal
role in containing built-up land expansion in southeastern China. The causal evidence from the
PSM and PSM-DID can enhance the credibility of spatial planning in other Chinese cities. In
addition, there are many similar spatial plans in other countries that regulate the amount and
location of built-up land via command-and-control mechanisms, such as urban growth
boundaries (Gennaio et al., 2009), green belts (Macdonald et al., 2020; Siedentop et al., 2016),
and land use zoning (Alfasi et al., 2012; Sharifi et al., 2014). This dissertation has implications
for the causal evaluation of these plans, especially for developing countries that face severe

conflicts between built-up land expansion and natural land protection.

Non-conforming built-up land expansion is the main contributor to rapid built-up land
expansion worldwide, which leads to a series of environmental issues. Moreover, non-

conforming built-up land expansion is often associated with land-related crimes (e.g.,
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corruption and illegal land transactions), not only undermining the credibility of spatial
planning but also triggering social conflicts. The findings of this dissertation provided some
suggestions for policies to effectively restrict non-conforming built-up land expansion in China.
First, industrial/mining/transportation land was the main form of non-conforming built-up land
expansion in Zhangzhou City. The government’s supply of industrial/mining/transportation
land therefore should be strictly controlled. Simultaneously, the permission process for
developing industrial/mining/transportation land should be strengthened by conducting
comprehensive feasibility evaluations and strict environmental assessments. In addition, local
governments in China should be required to optimize their industrial structure, including
moving from extensive to intensive industrial activities and converting underused industrial

land into residential land, commercial land, and green spaces.

Non-conforming built-up land expansion cannot be restricted by local governments in China
because local governments do not make land use decisions in isolation. Intervention from the
central government and cooperation between local governments are indispensable to restrict
peer effects on a local government’s non-conforming built-up land expansion. One the one
hand, the central government should continue its reform of the evaluation indices used in local
officials’ promotions, for example by highlighting the costs of non-conforming built-up land
expansion and incentivizing local governments to provide more public services and protect the
environment (Zuo, 2015). Tang et al. (2021) found that this type of reform can significantly
restrict the land violations of local governments. On the other hand, local governments should
strengthen cooperation to develop regional resolutions. Within regions, local governments can,

for example, specialize in different functions and trade built-up land quotas with their peers.

The planning system in China should be improved in several respects. (1) Currently, planning
authorities in this country have a high degree of discretionary power. For example, they can
legally authorize non-conforming activities on the grounds of public interest, and they often do
so, so that the political leaders can pursue specific political (and private) interests rather than

serving the common good (Shen et al., 2019). The position of the planning authorities should
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be strengthened to emphasize technical, rational aspects, whereas the use of discretionary
power should be minimized. (2) Low levels of transparency are common, for example due to
the absence of public participation in the plan-making process and a lack of disclosure of
information in the plan-implementation process (Zhu & Tang, 2018). The planning system
should be improved by guaranteeing public participation both in the plan-making and in the
plan-implementation process. Public participation is an effective tool to minimize power
inequalities between local people and governments and to obtain more consensus (Hartmann,
2012). It enables and motivates local people to supervise plan implementation. (3) The planning
authorities need to develop a real-time and highly accurate monitoring system to track land use
change and plan-implementation. As part of this, the Land Supervision System that is
responsible for investigating, auditing, and correcting land violations should be strictly
implemented. When a local government’s non-conforming built-up land expansion is punished
promptly, its peers will most likely restrict their non-conforming built-up land expansion
immediately. Some studies have indicated that the Land Supervision System significantly

suppresses illegal land use (S. Chen et al., 2021; Z. Chen et al., 2015).
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5. Conclusions and outlooks

This dissertation evaluated the causal effect of spatial planning in containing built-up land

expansion and investigated the characteristics and peer effects on non-conforming built-up land

expansion in rapid urbanization context of southeastern China. The two quasi-experimental

methods (PSM and PSM-DID) were applied to evaluate the causal effect of built-up land

zoning in Zhangzhou City (2010-2020) and of the MFOZ in Fujian Province (2013-2020) on

built-up land expansion. The conformance-based evaluation was used as s a reference for the

PSM and PSM-DID evaluation, to demonstrate the problem of selection bias. The

characteristics and the peer effects on the non-conforming built-up land expansion were

analyzed in Zhangzhou City between 2010 and 2020 via the conformance-based evaluation

and SAR. Key findings of this dissertation are as follows:

® Built-up land zoning and the MFOZ played a causal role in containing built-up land
expansion. Built-up land would have expanded by an additional 27.02 km? and 79.31 km?
if there were no built-up land zoning in Zhangzhou City (2010-2020) and the MFOZ in
Fujian Province (2013-2018).

® The time-lag effect existed in the initial implementation period of built-up land zoning and
the MFOZ. Built-up land zoning started to play a causal role in containing built-up land
expansion after 2013, and so did the MFOZ after 2015.

® The large amount of non-conforming built-up land expansion in Zhangzhou City between
2010 and 2020 raises serious concerns. e.g., arable land and forest loss, inefficient land
use, overheated economy, excess production capacity

® The geographical, political, economic, geographical-economic, and political-economic
peer effects significantly increased the area of non-conforming built-up land expansion

at the village level in Zhangzhou City

As built-up land expansion is emerging as an important sustainability concern, spatial plans to
contain built-up land expansion are not lacking. However, causal evidence to support these
plans is scarce. This dissertation recommends a wider application of the quasi-experimental
approach in the evaluation of spatial planning. This would not only promote a better
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understanding of the causes of land use change, but also increases the likelihood of spatial
planning resulting in its expected outcomes by providing better causal evidence in the decision-

making process.

Non-conforming built-up land expansion is often associate with illegal land grabs, informal
settlements, and land use zoning amendments. These processes remain largely unexplored but
have profound impacts on sustainable development. Future research should focus on how the
disparity between spatial planning and actual land use changes shapes landscapes. This will
require close interdisciplinary collaborations between spatial planning and land-system science,

as well as spatially explicit models that can address non-conforming land use behaviors.
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Annex A: Supplementary to dissertation

Annex A.1 Balance indicator after PSM

After the PSM, the balance of the matched data was checked, that is, how similar the
confounding variables of the matched towns in the development-prioritized and the
development-restricted zone are (Figure Al). All confounding variables have the standard
mean differences below 0.1 after matching. Moreover, the standard mean difference of the
propensity scores dramatically decreased from 2.62 to 0.01. This indicates that PSM removed
the overt selection biases relatively well. The remaining difference in built-up land expansion

can be attributed solely to the difference in a planning status of the MFOZ.

Dis2water - B

Slope - | After matching

GDP A B [ Before matching

Pop ]
Road - B
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Figure A1. Standard mean difference of the confounding variables and the propensity score

between the towns of the development-prioritized and development-restricted zones before and

after matching

Annex A.2 Results of Robustness test of PSM
87



Annex A.2.1 Rosenbaum bounds sensitivity test of PSM

The PSM is an effective evaluation method for controlling selection bias from the observed
confounding variables. When planning process and built-up land expansion are systematically
determined only by the selected confounding variables, the causal effect of the MFOZ on built-
up land expansion from the PSM-based evaluation will be unbiased. However, spatial planning
is decision-making processes based on bounded rationality (Chadwick, 1978; Oliveira & Pinho,
2010). In addition to the selected confounding variables, the unobserved factors (e.g., leaders’
judgements, negotiations among interest groups) are also the vital confounding variables
influencing the allocation of the major function-oriented zones and built-up land expansion. A
regular planning process is not only determined by spatial analysis of land suitability, but more
or less determined by political negotiations or the leaders’ subjective choice which are

unobserved. These unobserved confounding variables may bias the results of the PSM.

The Rosenbaum bounds was used to test the sensitivity of the results to the unobserved
confounding variables (Paul R. Rosenbaum, 2002). The probability of the town i being

assigned to the development-prioritized zone was denoted as m;, and transformed the

probability into the odds (17—;). The log odds ratio of the town i can be written as:

log () = f(x) +vu (A1)

where f(x;) is an unknown function based on a set of the observed confounding variables x;.
0<u; <1 and y=>0. yu; can be understood as the influence of the unobserved
confounding variables on the probability of the town i being assigned to the development-
prioritized zone. The town j was assumed as a matched counterfactual for the town i, and got
a new formula:

ﬂi(l—ﬂj)

= exp{y(u; — u;)} (A.2)

TL’i(l—TL'j)

ﬂj(l—ﬂi)

was denoted as the Rosenbaum bound

where f(-) was eliminated because x; = x;. G
(I'). If p does not exist, I' = 1. Conversely, as the influence of p increases (p; — ;
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increases), I' increases. A level of I', when its p-value is greater than 0.05, measures how big
the difference in the unobserved confounding variables between the town i and j is, in order

to invalidate the results from the PSM-based evaluation.

Table A1 shows the sensitivity degrees of the PSM’s results to the unobserved confounding
variables. Because the PSM-based evaluation results are significant in the evaluation interval
2013-2018 and 2013-2020, this dissertation only used Rosenbaum bounds to test the
robustness of the results in these two intervals. The results from the Rosenbaum bounds suggest
that in order to invalidate the estimated effectiveness of the MFOZ on built-up land expansion,
the unobserved confounding variables would have to increase the ratio of the odds by less than
20% (I' =1.20) in 2013-2015 and by more than 50% (I" =1.60) in 2013-2020. In social science,
researchers consider I' > 1.50 and p-value < 0.05 to be not sensitive to the unobserved
confounding variables (Chiputwa et al., 2015; Nordjo & Adjasi, 2019; Sanglestsawai et al.,
2015). Thus, the PSM-based evaluation result between 2013 and 2020 is robust to the
unobserved confounding variables. But the results of Rosenbaum bounds cannot conclude that
the PSM-based evaluation result between 2013 and 2018 is robust to the unobserved

confounding variables.

Table A1l. Rosenbaum upper bound on p-value at given levels of I’

Built-up land expansion  Built-up land expansion
between 2013 and 2018  between 2013 and 2020

1 0.012 0.000
11 0.032 0.001
1.2 0.070 0.004
1.3 0.129 0.011
14 0.208 0.024
1.5 0.302 0.045
1.6 0.404 0.077
1.7 0.506 0.120
1.8 0.602 0.174
1.9 0.687 0.236
2 0.760 0.305
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Annex A.2.2 Robustness of matching algorithms of PSM

There is not a universal strategy for choosing optimal matching algorithm (Caliendo &
Kopeinig, 2008). This dissertation used a 1:1 nearest neighbour matching with a calliper of
0.01 and with no-replacement as the primary matching algorithm. To ensure that the results are
not sensitive to the choice of matching algorithms, I applied the different matching algorithms.

For the following matching algorithms, a common support condition was imposed.

(1) Calliper. Imposing a calliper is to avoid poor matches if the closest neighbour is far away.
However, a reasonable calliper is difficult to predict (Caliendo & Kopeinig, 2008). Here, I used
the four callipers (0.01, 0.05, 0.1, and 0.25) in 1:1 nearest neighbour matching with no-
replacement. Figure A2 indicates that the standard mean differences of most confounding
variables and propensity score increased as the callipers increased. When the callipers of 0.05,
0.1, 0.25 were used. Nei_Arable had standard mean differences of greater than 0.1 which is

often considered as the imbalance.
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Figure A2. Standard mean difference from 1:1 nearest neighbour matching with no-

replacement and with the four callipers (0.01, 0.05, 0.1, and 0.25)

(2) Replacement or no-replacement. Matching with replacement or no-replacement may
influence the balance of the matched data. Matching with replacement can often decrease
selection bias, especially when control units are fewer than treated units (Stuart, 2010). For a
relatively large dataset, matching with no-replacement may yield a more precise estimation
than matching with replacement (Butsic et al., 2011). Here, I used 1:1 nearest neighbour
matching with replacement and with a calliper of 0.01. Figure A3 indicates that the standard
mean differences of most confounding variables and propensity score increased as I changed
no-replacement to replacement. I got an imbalanced matched data in terms of Dis2city
(standard mean difference = 0.354) and Nei Forest (standard mean difference = 0.122), when

I used 1:1 nearest neighbour matching with replacement and with a calliper of 0.01.
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Figure A3. Standard mean difference from 1:1 nearest neighbour matching with replacement

and no-replacement

(3) 1:1 to 1:N nearest neighbour matching. Selecting several control units for each treated unit
will increase selection bias, however, decrease sample variance due to a lager matched data
(Stuart, 2010). Fujian Province contains 386 treated units (towns were fully located within the
development-prioritized zone) and 568 control units (towns were fully located within the
development-restricted zone). Thus, [ used 1:1, 1:2, 1:3, 1:4 nearest neighbour matching with
replacement and with a calliper of 0.01. Figure A4 indicates the imbalance matched data, when

1:N nearest neighbour matching were used.
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Figure A4. Standard mean difference from 1:1, 1:2, 1:3, 1:4 nearest neighbour matching with

the calliper =0.01 and with replacement

(4) Radius matching. Radius matching considers all of the control units within the calliper.
Compared that nearest neighbour matching only considers one or several nearest control units,
radius matching allows for usage of extra (fewer) units when good matches are (not) available
(Dehejia & Wahba, 2002). I used radius matching with the four callipers (0.01, 0.05, 0.1, and
0.25). Figure AS indicates that radius matching was unable to remove selection biases. The
standard mean differences of Dis2city are greater than 0.01, when radius matching with the

four callipers were used.
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Figure AS. Standard mean difference from radius matching with the calliper =0.01, 0.05, 0.1,

and 0.25

(5) Kernel matching. Kernel matching uses weighed averages of all control units to construct

the counterfactuals. Figure A6 indicates that kernel matching was unable to remove selection

biases. I obtained the imbalanced matched data concerning Slope, Dis2city, and Nei Forest.

94



Before matching

Kernel matching

Dis2waterq @
Slope 1 °
GDPq ®
Popy @
Road 1 °
Dis2city 1 o
Nei_Arableq e
Nei_Forest - o
Nei_Builtupq @
Propensity score4

0.0 05

1.0 15

2.0 25

Standard mean difference

Figure A6. Standard mean difference from kernel matching

In conclusion, 1:1 nearest neighbour matching with a calliper of 0.01 and with no-replacement

is the better match algorithm than the other match algorithms, because it can obtain a balance

matched data.

Annex A.3 Average effect estimated by PSM-DID

Table A2. Average effect of built-up land zoning on built-up land expansion in Zhangzhou City

between 2010 and 2020
Variables Model 3 Model 4
Develop; * Time, 1.21* (0.67)

Intensity; * Time, 0.06** (0.03)

Nei_Built. up;; 2.27*** (0.26) 2.27*** (0.25)
Dis2city; * Year,ogo -0.004* (0.002)  -0.004* (0.0023)
Dis2city; * Yearygos -0.04*** (0.01)  -0.04*** (0.012)
Dis2city; * Yearyo1o -0.02* (0.01) -0.02 (0.01)
Dis2city; * Yearyoq3 -0.02* (0.01) -0.02 (0.01)
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Dis2city; * Yearyp1s
Dis2city; * Yearyg1g
Dis2city; * Yearyg,0
Dis2county; * Yearyoo
Dis2county; * Yearygos
Dis2county; * Yearyp1g
Dis2county; * Yearypq3
Dis2county; * Yearys
Dis2county; * Yearyp g
Dis2county; * Yearyg,o
Dis2water; * Yearyoo
Dis2water; * Yearyyos
Dis2water; * Yeary1g
Dis2water; * Yearyp13
Dis2water; * Yeary1s
Dis2water; * Yearyy1g
Dis2water; * Yearyg,o
Dis2coastline; * Year,ygo
Dis2coastline; * Year,ygs
Dis2coastline; * Yearypqo
Dis2coastline; * Yearyyq3
Dis2coastline; * Yearyy;s
Dis2coastline; * Year,y1g
Dis2coastline; * Yeary,o
Elevation; * Yearyoo

Elevation; * Yearygs
Elevation; * Yearyyo
Elevation; * Yearyyq3
Elevation; * Yearypqs
Elevation; * Yearyp,g
Elevation; * Yearyyo
Dis2road; * Year,ooo
Dis2road; * Year,ygs
Dis2road; * Yearyo1o
Dis2road; * Year,yi3
Dis2road; * Year,y:s
Dis2road; * Yearyyig
Dis2road; * Yearyy,o
Village Fixed effect
Year Fixed effect
R2
Hausman test

No. of villages (Develop; = 1)
No. of villages (Develop; = 0)

-0.01 (0.01)
-0.02 (0.01)
-0.04** (0.02)
0.03* (0.02)
-0.02 (0.04)
-0.13** (0.05)
-0.13** (0.05)
-0.08 (0.05)
-0.13** (0.06)
-0.13** (0.06)
0.01 (0.03)
0.03 (0.17)
0.41* (0.22)
0.4* (0.22)
0.7*** (0.25)
0.55* (0.31)
0.67** (0.33)
-0.005 (0.003)
0.01 (0.02)
0.02 (0.02)
0.02 (0.02)
0.01 (0.02)
0.02 (0.03)
0.03 (0.03)
-0.51 (0.45)
-10.19%** (2.91)
-12.69*** (3.53)
-12.64*** (3.54)
-19.1*** (4.03)
-18.97*** (4.31)
-19.35*%** (4.36)
-0.04 (0.02)
0.01 (0.08)
-0.03 (0.11)
-0.03 (0.11)
0.3* (0.17)
0.14 (0.16)
-0.1 (0.17)
Yes
Yes
0.19
98.60 ***
386
386

96

-0.001 (0.01)
-0.02 (0.01)
-0.03** (0.01)
0.03* (0.02)
-0.02 (0.04)
-0.12** (0.05)
-0.12** (0.05)
-0.07 (0.05)
-0.11** (0.06)
-0.12* (0.06)
0.01 (0.03)
0.03 (0.17)
0.4* (0.21)
0.39* (0.21)
0.69*** (0.25)
0.54* (0.31)
0.66** (0.33)
-0.005 (0.003)
0.01 (0.02)
0.03 (0.02)
0.03 (0.02)
0.01 (0.02)
0.02 (0.03)
0.03 (0.03)
-0.52 (0.45)
-10.18*** (2.9)
-10.9*** (3.45)
-10.85*** (3.46)
-17.3*** (3.93)
-17.17%** (4.2)
-17.57*** (4.26)
-0.04 (0.02)
0.01 (0.08)
-0.05 (0.11)
-0.05 (0.11)
0.27 (0.17)
0.12 (0.16)
-0.13 (0.18)
Yes
Yes
0.19
103.50***
386
386



No. of year
No. of observations

8
6176

8
6176

Note: The clustered standard errors of the coefficients are given in parentheses; *, **, and
*** denote a significance level of 10%, 5%, and 1%, respectively.

Annex A.4 Annual effect estimated by PSM-DID

Table A3. Annual effect of built-up land zoning on built-up land expansion in Zhangzhou City

between 2010 and 2020
Variables Model 5 Model 6
Develop; * Year;qgs -0.85 (0.81)
Develop; * Year,yoo -0.8 (0.81)
Develop; * Year,yos -0.53 (0.47)
Develop; * Year,y,3 -0.02 (0.03)
Develop; * Yearypis 0.97* (0.51)
Develop; * Yearyyg 0.77 (0.51)
Develop; * Year,g,, 0.7 (0.55)
Intensity; * Year;gos -0.06 (0.04)
Intensity; * Yearyooo -0.05 (0.04)
Intensity; * Year,os 0.01 (0.02)
Intensity; * Year,3 0.0003 (0.001)
Intensity; * Yearygqs 0.04** (0.02)
Intensity; * Year,o1g 0.06** (0.03)
Intensity; * Year,g,0 0.05 (0.03)
Nei_Built.up;; 2.27*** (0.26) 2.26*** (0.25)

Dis2city; * Year;ggs 0.02* (0.01) 0.02 (0.01)
Dis2city; * Year,gog 0.02 (0.01) 0.01 (0.01)
Dis2city; * Year,oos -0.01* (0.01) -0.01* (0.01)
Dis2city; x Yearygq3 -0.001 (0.001)  -0.0005 (0.0005)
Dis2city; * Yearyg1s 0.02 (0.01) 0.02* (0.01)
Dis2city; * Yearyg1g -0.001 (0.01) 0.004 (0.01)
Dis2city; * Yearypyo -0.01 (0.01) -0.01 (0.01)

Dis2county; * Year;qgs 0.13** (0.05) 0.12** (0.05)

Dis2county; * Yearyoo
Dis2county; * Yearyyos
Dis2county; * Yearyp,3
Dis2county; * Yearyp s
Dis2county; * Yearyp1g
Dis2county; * Yearyg,o
Dis2water; * Year;qgs
Dis2water; * Yearygo

0.16%** (0.05)
0.11%** (0.04)
0.001 (0.003)
0.05 (0.04)
0.004 (0.03)
-0.003 (0.04)
-0.41* (0.22)
-0.4* (0.21)
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0.15*** (0.05)
0.11%** (0.04)
0.001 (0.003)
0.06 (0.04)
0.01 (0.03)
0.01 (0.04)
-0.4* (0.21)
-0.39* (0.21)



Dis2water; * Yearyyos
Dis2water; * Yearyy13
Dis2water; * Year,g1s
Dis2water; * Yearyp1g
Dis2water; * Yearyg,o
Dis2coastline; * Year;qgs
Dis2coastline; * Year,ooo
Dis2coastline; * Year,ygs
Dis2coastline; * Year,y,3
Dis2coastline; * Year,y:s
Dis2coastline; * Yearyoig
Dis2coastline; * Year,y,
Elevation; * Year;gos
Elevation; * Yearygoo
Elevation; * Year,os
Elevation; * Yearyyq3
Elevation; * Yearyyqs
Elevation; * Yearyp,g
Elevation; * Yearyyso
Dis2road; * Year;ggs
Dis2road; * Yearygoo
Dis2road; * Yearyyos
Dis2road; * Yearypq3
Dis2road; * Yearyyqs
Dis2road; * Yearypg
Dis2road; * Yearyy,
Village fixed effect
Year fixed effect
R2
Hausman test
No. of villages (Develop; = 1)
No. of villages (Develop; = 0)
No. of years
No. of observations

-0.37*** (0.11)
-0.01 (0.01)
0.3* (0.15)
0.14 (0.22)
0.27 (0.23)
-0.02 (0.02)
-0.03 (0.02)
-0.01 (0.01)

-0.0005 (0.001)
-0.01 (0.01)

-0.005 (0.01)
0.01 (0.01)

12.69*** (3.53)

12.18*** (3.51)
2.51 (1.86)
0.05 (0.12)

-6.39*** (2.03)

-6.26*** (2.09)

-6.65*** (2.38)
0.03 (0.11)
-0.01 (0.1)
0.03 (0.07)
0.001 (0.01)

0.32** (0.14)
0.17 (0.12)
-0.08 (0.14)

Yes
Yes
0.19
138.15 ***
386
386
8
6176

-0.37*** (0.11)
-0.01 (0.01)
0.29* (0.15)
0.14 (0.21)
0.26 (0.23)
-0.03 (0.02)
-0.03 (0.02)
-0.01 (0.01)

-0.0004 (0.001)
-0.01 (0.01)

-0.002 (0.01)
0.01 (0.01)
11.09*** (3.46)
10.62*** (3.43)
2.73 (1.9)
0.06 (0.12)

-5.33** (2.08)

-4.62** (2.11)

-5.24** (2.34)
0.05 (0.11)
0.01 (0.11)
0.03 (0.07)

0.0004 (0.01)
0.31** (0.13)
0.14 (0.12)
-0.1 (0.14)
Yes
Yes
0.2
199.79 ***
386
386
8
6176

Note: The clustered standard errors of the coefficients are given in parentheses; *, **, and
*** denote a significance level of 10%, 5%, and 1%, respectively.

Annex A.5 Results of Robustness test of the PSM-DID

Annex A.5.1 Parallel trend test

An event study was conducted to validate the parallel trend assumption using the unmatched
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and matched data (Table A4). Before applying the PSM, the coefficients of Develop; *
Year;q9s, Develop; * Yearyyoo, and Develop; * Yearyos were significant, which implies
that the villages had different trends in terms of built-up land expansion before the land use
plan was implemented (Figure A7). After implementing the PSM, the coefficients of
Develop; * Year;q9s, Develop; * Year,yoo, and Develop; * Year,,os were non-significant,
suggesting that the matched villages followed a parallel trend in terms of built-up land
expansion before the implementation of the land use plan (Figure A7). Meanwhile, after the
implementation of the land use plan, the coefficient of Develop; * Year,y,15 became
significant. Taken together, these results demonstrate that the matched data satisfied the parallel

trend assumption, which enabled to evaluate the causal effect of built-up land zoning using a

DID method.

Table A4. Event study on parallel trend assumption before and after matching

Model 5 (before

Model 5 (after

Variables matching) matching)
Develop; * Year;ggs -6.03*** (0.7) -0.85 (0.81)
Develop; * Yearyggo -5.51*** (0.68) -0.8 (0.81)
Develop; * Year,gs -1.53*** (0.37) -0.53 (0.47)
Develop; * Year,i3 0.04* (0.02) -0.02 (0.03)
Develop; * Yearyyis 0.46 (0.42) 0.97* (0.51)
Develop; * Yearyg1g 0.13(0.41) 0.77 (0.51)
Develop; * Year,g,0 -0.17 (0.44) 0.7 (0.55)

Nei_Built. up;; 2.59*** (0.18) 2.27*** (0.26)
Dis2city; * Year;qggs 0.05*** (0.01) 0.02* (0.01)
Dis2city; * Yearyogo 0.04*** (0.01) 0.02 (0.01)
Dis2city; * Yearygos -0.02*** (0.01) -0.01* (0.01)
Dis2city; * Yearyoq3 0.0002 (0.0004) -0.001 (0.001)
Dis2city; * Yearypqs 0.02** (0.01) 0.02 (0.01)
Dis2city; * Year,yg 0.02*** (0.01) -0.001 (0.01)
Dis2city; * Yearygzo 0.01 (0.01) -0.01 (0.01)

Dis2county; * Year;qgs 0.12*** (0.04) 0.13** (0.05)
Dis2county; * Yearyggo 0.13*** (0.03) 0.16*** (0.05)
Dis2county; * Yearygos 0.06*** (0.02) 0.11*** (0.04)
Dis2county; * Yearyoq3 -0.001 (0.001) 0.001 (0.003)
Dis2county; * Yearyg;s 0.04** (0.02) 0.05 (0.04)
Dis2county; * Yearyo1g -0.001 (0.02) 0.004 (0.03)
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Dis2county; * Year,g,o 0.004 (0.02) -0.003 (0.04)
Dis2water; * Year;gos -0.41*** (0.1) -0.41* (0.22)
Dis2water; * Year,goo -0.38*** (0.1) -0.4* (0.21)
Dis2water; * Year,oos -0.17*** (0.04) -0.37*** (0.11)
Dis2water; * Year,3 0.001 (0.003) -0.01 (0.01)
Dis2water; * Year,o;s 0.12** (0.05) 0.3* (0.15)
Dis2water; x Yearyg 0.1 (0.07) 0.14 (0.22)
Dis2water; * Yearyo,o 0.11 (0.07) 0.27 (0.23)
Dis2coastline; * Year;ggs -0.05*** (0.02) -0.02 (0.02)
Dis2coastline; * Year,yoo -0.05*** (0.02) -0.03 (0.02)
Dis2coastline; * Year,oos -0.01* (0.01) -0.01 (0.01)
Dis2coastline; * Year,;3 -0.001* (0.0004)  -0.0005 (0.001)
Dis2coastline; * Year, ;s -0.01 (0.01) -0.01 (0.01)
Dis2coastline; * Year,y;g 0.004 (0.01) -0.005 (0.01)
Dis2coastline; * Year, g, 0.01 (0.01) 0.01 (0.01)
Elevation; * Year;ggs 8.97*** (1.8) 12.69*** (3.53)
Elevation; * Year,go 8.37*** (1.76) 12.18*** (3.51)
Elevation; * Year,ggs 1.76** (0.74) 2.51 (1.86)
Elevation; * Year,3 0.03 (0.05) 0.05 (0.12)
Elevation; * Yearyy;s -2.99*** (0.88) -6.39*** (2.03)
Elevation; * Year,y;g -2.74*** (0.88) -6.26*** (2.09)
Elevation; * Year,y,, -2.93*** (1) -6.65*** (2.38)
Dis2road; * Year;qggs 0.11* (0.06) 0.03 (0.11)
Dis2road; * Year,ogo 0.08 (0.06) -0.01 (0.1)
Dis2road; * Year,yos 0.03 (0.03) 0.03 (0.07)
Dis2road; * Year,oq3 0.003 (0.004) 0.001 (0.01)
Dis2road; * Yearyys 0.16*** (0.06) 0.32** (0.14)
Dis2road; * Year,yig 0.08 (0.06) 0.17 (0.12)
Dis2road; * Year,g,q -0.04 (0.06) -0.08 (0.14)
Village fixed effect Yes Yes
Year fixed effect Yes Yes
R? 0.28 0.19
Hausman test 743.6 *** 138.15 ***
No. of villages (Develop; = 1) 692 386
No. of villages (Develop; = 0) 970 386
No. of years 8 8
No. of observations 13296 6176

Note: The clustered standard errors of the coefficients are given in parentheses; *, **, and
*** denote a significance level of 10%, 5%, and 1%, respectively.
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Figure A7. Trends of built-up land expansion in Zhangzhou City from 1995 to 2020

Annex A.5.2 Balance check

After implementing the PSM, the balance of the matched data was checked. All eight
confounding variables had a standard mean difference < 0.1 after matching (Figure AS8).
Moreover, the standard mean difference of the propensity scores decreased dramatically with
matching, from 1.53 to 0.03. This indicates that PSM removed the selection bias effectively.
The remaining difference in built-up land expansion between the villages located inside the
development-permitted zones and the matched villages located outside the development-

permitted zones could be attributed solely to the difference in planning status.
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Figure AS8. Standard mean difference of the confounding variables and the propensity score
between the villages of the development-permitted and development-restricted zones before

and after matching

Annex A.5.3 Placebo test

In the placebo test, the coefficient of Develop; * Time; was non-significant (1.15, p=0.13,
Table AS), indicating that zoning had no effect if the land use plan in Zhangzhou City was
approved in 2005. The results of the placebo test enhance the credibility of the findings. In

addition, there was an anticipation effect.

Table A5. Results of placebo test

Variables Model 3 (placebo test)
Develop; * Time, 1.15 (0.76)

Nei_Built. up;; 2.28*** (0.26)
Dis2city; * Yearygoo -0.004* (0.002)
Dis2city; * Yearygos -0.03*** (0.01)
Dis2city; * Yearypqo -0.02* (0.01)
Dis2city; * Yearyp3 -0.02* (0.01)
Dis2city; * Yearyqs -0.01 (0.01)
Dis2city; * Year,yg -0.02 (0.01)
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Dis2city; * Year,g,o
Dis2county; * Yearypoo
Dis2county; * Yearyyos
Dis2county; * Yearyp1o
Dis2county; * Yearyp13
Dis2county; * Yeary1s
Dis2county; * Yearyp1g
Dis2county; * Yearyy,o
Dis2water; * Year,gpo
Dis2water; * Yearyyos
Dis2water; * Year,g19
Dis2water; * Yearyyq3
Dis2water; * Yearyy1s
Dis2water; * Year,g1g
Dis2water; * Year,g,0

Dis2coastline; * Year,ooo
Dis2coastline; * Year,ygs
Dis2coastline; * Year,o1g
Dis2coastline; * Year,g13
Dis2coastline; * Year,y:s
Dis2coastline; * Year,yig
Dis2coastline; * Year,o,o
Elevation; * Year,yoo

Elevation; * Year,gos
Elevation; * Year,yig
Elevation; * Yearypq3
Elevation; * Year,yqs
Elevation; * Year,yig
Elevation; * Year,y,
Dis2road; * Yearygoo
Dis2road; * Yearyyos
Dis2road; * Yearypq,
Dis2road; * Yearypq3
Dis2road; * Yearypqs
Dis2road; * Yearypg
Dis2road; * Yearyy,o
Village Fixed effect
Year Fixed effect
R2
Hausman test

No. of villages (Develop; = 1)
No. of villages (Develop; = 0)

No. of year
No. of observations

-0.04** (0.02)
0.03* (0.02)
-0.02 (0.04)

-0.13** (0.05)

-0.13** (0.05)
-0.08 (0.05)

-0.13** (0.06)

-0.13** (0.06)
0.01 (0.03)
0.04 (0.17)
0.41* (0.22)
0.4* (0.22)

0.7*** (0.25)
0.54* (0.31)

0.67** (0.33)

-0.005 (0.003)
0.01 (0.02)
0.02 (0.02)
0.02 (0.02)
0.01 (0.02)
0.02 (0.03)
0.03 (0.03)
-0.51 (0.45)

-10.17*** (2.91)
-12.69*** (3.53)
-12.65*** (3.54)
-19.1*** (4.04)
-18.97*** (4.31)
-19.35*** (4.36)
-0.04 (0.02)
0.002 (0.09)
-0.03 (0.11)
-0.03 (0.11)
0.3* (0.17)
0.15 (0.16)
-0.1 (0.17)
Yes
Yes
0.19
74.25%**
386
386
8
6176
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Note: The clustered standard errors of the coefficients are given in parentheses; *, **, and
*** denote a significance level of 10%, 5%, and 1%, respectively.
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ARTICLE INFO ABSTRACT

Keywords: Spatial planning has been globally developed as a policy tool to govern built-up land expansion. However, causal
Built-up land change evidence of the effect of spatial planning on built-up land expansion is limited, which raises doubts on the
Causality

credibility of spatial planning and hinders theoretical developments in land-system science. We evaluated the
effect of the Major Function Oriented Zone (MFOZ), the first strategic spatial plan in China, on built-up land
expansion in Fujian Province over three time intervals (2013-2015, 2013-2018 and 2013-2020). Propensity
score matching (PSM) was applied to overcome selection bias and obtain causal evidence. We implemented a
conventional conformance evaluation as a reference for the PSM-based conformance evaluation, to demonstrate
the problem of selection bias. The conventional conformance evaluation showed that the MFOZ effectively
governed built-up land expansion in the three time intervals. The PSM-based conformance evaluation showed the
smaller effect of the MFOZ and the effect was significant only in the time period 2013-2018 and 2013-2020.
That is, the conventional conformance evaluation results in an initially ineffective effect of the MFOZ being
estimated as effective in 2013-2015 and exaggerates the effect of the MFOZ on built-up land expansion in
2013-2018 and 2013-2020. In aggregate, Fujian’s MFOZ prevented a total of 79.31 km? of built-up land within
the development-restricted zone between 2013 and 2020. To conclude, we recommend a wider application of the
PSM-based conformance evaluation in evaluating the effect of spatial planning on land-use change, since this
method accounts for selection bias and provides more accurate results regarding causality than conventional
conformance evaluations.

Selection bias

Propensity score matching

The Major Function oriented Zone
Fujian Province

urban growth boundary policies (Gennaio et al., 2009; Long et al.,
2013), greenbelt planning (Macdonald et al., 2020; Siedentop et al.,

1. Introduction

Spatial planning has been globally developed as a form of policy tool
to govern built-up land expansion. Built-up land is one of the most
human-dominated land-use types and has become the hotspot of the
human-environment relationship. The development of built-up land
drives a series of environment changes from directly encroaching on
cropland and natural land (Bren d’Amour et al., 2017; van Vliet, 2019)
to indirectly causing biodiversity degradation (Seto et al., 2012). In
contrast, its expansion is strongly correlated to economic development
and dramatically promotes human’s material living standards (Acuto
et al., 2018; He et al., 2014). These opposing effects reveal the need for
governing the development of built-up land. In response, governments
around the world have deployed a range of policy measures, such as

2016), urban planning (Sharifi et al., 2014; Wang et al., 2017), and
land-use planning (Alfasi et al., 2012; Zhong et al., 2014).

While various plans have been put into practice, causal evidence of
the effect of spatial planning on land-use change is limited (Hersperger
et al., 2018). Land-system science considers spatial planning as one of
the drivers of land-use change (Biirgi et al., 2004; Geist and Lambin,
2002). Literature reviews have shown that political drivers (e.g., spatial
development policies, nature conservation policies and land-use plan-
ning) were more frequently mentioned than economic, technological,
cultural, and natural drivers, when explaining urban sprawl (Colsaet
et al., 2018; Plieninger et al., 2016). However, land-system science still
calls for more robust approaches to evaluate the causal effect of spatial
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planning on land-use change, in particular because driving force
frameworks consider spatial planning as a process exogenous to land-use
system, thus neglecting the potential of selection bias (Meyfroidt, 2016).
Furthermore, there is disagreement amongst scholars on conceptual-
izing the effect of spatial planning. Some scholars suggested that the
effect of spatial planning should be understood as the influence of spatial
plans on the actors in a policy network, via guidelines for their execution
of policy in the plan implementation process (Driessen, 1997; Faludi,
2000; Mastop and Faludi, 1997). This would indicate that a direct
relationship between planned and actual land-use change is not neces-
sarily expected. Other scholars proposed that the relationship between
planned and actual land-use change was the “gold standard” to evaluate
the effect of spatial planning (Chapin et al., 2008; Laurian et al., 2004).
Such disagreement erodes public confidence in spatial planning.
Consequently, an evaluation of the causal effect of spatial planning on
land-use change is necessary to ensure an efficient use of the financial,
human and political resources dedicated to spatial planning (Blackman,
2013). Such an evaluation would also consolidate the theoretical foun-
dations of the causes of land-use change (Meyfroidt et al., 2018; Turner
et al.,, 2007) and enhance the credibility of spatial planning (Oliveira
and Pinho, 2010).

The conventional conformance evaluation is a straightforward
comparison of a region’s built-up land expansions before and after
spatial planning or of the different regions with and without spatial
planning. Many researchers found a lack of conformance by overlaying
planned land-use with actual built-up land expansion, and concluded
that there was a failure of spatial planning (Abrantes et al., 2016; Alfasi
et al., 2012; Guo et al., 2020; Kleemann et al., 2017; Sharifi et al., 2014;
Wang et al., 2014). Other research using a similar overlay method
suggested the success of spatial planning in containing built-up land
expansion (Gennaio et al., 2009; Siedentop et al., 2016). However, these
conventional types of conformance evaluation can biasedly estimate the
effect of spatial planning on land use change due to selection bias
(Andam et al., 2008; Blackman, 2013; Butsic et al., 2011).

Selection bias is a central problem in the evaluation of the causal
effect of spatial planning on land-use change. However, this problem has
not been fully acknowledged to date (Blackman, 2013). We will briefly
illustrate the problem of selection bias with a thought experiment: Y;(1)
and Y;(0) denote two changes in built-up land area for the same area i in
the same period, where 1 indicates that the area i is assigned inside the
urban growth boundaries and O indicates that the area i is assigned
outside the urban growth boundaries. The difference between Y;(1) and
Y;(0) in this example can only result from a difference in the planned
status (inside or outside the urban growth boundaries), as the area i is
unchanged. In this case, the effect of the urban growth boundaries on
built-up land expansion could be computed as Y;(1) —Y;(0) and could be
considered as a causal effect. However in reality, we cannot simulta-
neously observe Y;(1) and Y;(0). If we assume that the area i was
assigned inside the urban growth boundaries, we are able to observe
Yi(1), whereas the potential ¥;(0) is missing and can be considered as a
counterfactual for Y;(1). In most circumstances, researchers presume
that the area j, outside the urban growth boundaries, is a counterfactual
for the area i, and consider their difference (Y;(1) — Y;(0)) as an effect of
the urban growth boundaries on built-up land expansion. However, this
is arbitrary due to selection bias inherent in plan-making, in which the
most suitable areas are assigned for particular uses. The areas with
higher suitability for built-up land are more likely to be assigned inside
the urban growth boundaries. These areas are more likely to experience
built-up land expansion due to their suitability for built-up land use,
rather than due to the urban growth boundaries.

To overcome the evaluation problems associated with selection bias,
a PSM-based approach was developed (Imbens and Rubin, 2015; Rose-
nbaum and Rubin, 1983). It follows counterfactual thinking and is thus
an effective statistical tool for evaluating the causal effect. In this
approach the causal effect is regarded as the difference in the outcome
when the characteristics of the evaluated units are identical in all aspects
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except in the variable of interest (Imbens and Rubin, 2015). Recent
studies applied PSM-based approaches to evaluate the effect of protected
areas or forest conservation policies on forest change (Andam et al.,
2008; Bruggeman et al., 2015; Putraditama et al., 2019) or the effect of
agricultural land preservation programs on farmland loss (Liu and
Lynch, 2011). The main principle of the PSM-based approach is to find
counterfactual units which are close to evaluated units in terms of
confounding variables. Confounding variables such as elevation, dis-
tance to the nearest urban centre, etc. are crucial, as they impact both
the planned status (plan-making) and land-use change. However, they
are often neglected in evaluations of the effect of spatial planning on
land-use change. By incorporating confounding variables into evalua-
tions, the PSM-based approach enables us to untangle the interplay of
spatial planning and confounding variables and to identify land-use
changes which are solely attributable to spatial planning. The
PSM-based approach is promising because, aside from handling selec-
tion bias, it relies on observational data (such as land-use data from
remote sensing, socioeconomic data from censuses and big data from
social sensing). Additionally, it is less restrictive to model assumption
and model specification, as it is based on non-parametric estimations.
Despite the above-mentioned strengths of the PSM, it still suffers from
the weakness of hidden biases caused by the unobserved confounding
variables (Rosenbaum, 2002). For example, leaders’ judgements often
influence the probability of the area to be assigned into a specific zone
during the plan-making and the probability of this area to be developed
in the actual development. The subjective judgements are the unob-
served confounding variable which is out of control of the PSM.

In this study we selected the MFOZ, which is the first strategic spatial
plan in China, to evaluate its causal effect in terms of built-up land
expansion in Fujian Province, China. To handle selection bias, we used
the PSM to compare the changes in the amount of built-up land in the
towns of the development-prioritised zone with the matched towns of
the development-restricted zone. Additionally, we used three evaluation
intervals (2013-2015, 2013-2018 and 2013-2020) to evaluate tempo-
ral variation in the causal effect of the MFOZ on built-up land expansion.
This study adds valuable new knowledge to literature on the causal
relationship between spatial planning and land-use change, using a
method capable of handling selection bias.

2. The MFOZ and study area
2.1. The MFOZ

In 2010 the Chinese central government released the MFOZ
(2010-2020) to achieve a coordinated regional development, through
spatial regulation and zoning of development (Fan et al., 2012). The
provincial governments then developed the zoning schemes of the MFOZ
covering their full provincial territory. The MFOZ divided land into four
major function-oriented zones with different planning intentions on
built-up land expansion:

(a) The development-optimized zone is characterized by a high level
of urbanisation and industrialisation, here land-use needs to be
optimized due to inefficient uses of built-up land and a decreasing
quality of farmland. As a result, built-up land expansion is
required to slow down in the development-optimized zone.

(b) The development-prioritised zone intends to promote the future
regional development through large-scale urbanisation and
industrialisation. Thus, in this zone the demand for built-up land
expansion should be accommodated.

(c) The development-restricted zone restricts large-scale urbanisa-
tion and industrialisation. It is divided into two types of zones: an
agricultural production zone and an ecological security zone. The
former is important for food security, the latter aims to restore
ecosystems and to protect ecological security. Hence, only small


Hezhicha
Highlight


Z. He et al.

amounts of built-up land expansion are permitted within the
development-restricted zone.

(d) The development-prohibited zone can be regarded as a natural
and cultural heritage protection region, in which built-up land
expansion is strictly prohibited.

In order to delineate the different zones, the government developed
an indicator framework. The framework assessed suitability with 10
indicators addressing such as environmental capacity, ecological
vulnerability, ecological importance, natural hazards, population den-
sity, economic development, and strategic selection (Liu et al., 2018).
Each indicator is comprised of several factors. For example, the indicator
of ecological vulnerability included desertification, soil erosion, and
stone desertification (Fan et al., 2012). The final zoning scheme of the
MFOZ was selected based on the suitability evaluation.

The MFOZ was developed at the national and provincial adminis-
trative levels. The national MFOZ is diagrammatic and lacks an accurate
cartographic delineation of the major function-oriented zones (Fan
et al., 2012). In contrast the provincial MFOZ contains maps with high
geographical accuracy and clear boundaries. We only consider the
provincial MFOZ. Moreover, we do not deal with the
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development-prohibited zone, since this zone is not present in the study
area. The MFOZ for Fujian was published in 2012 and comes to an end in
2020. While there are other plans or policies which may influence our
results, including these plans or polices into our study is huge
data-demanding due to the unavailability in plan data. Furthermore, the
research on how plans or policies relate and work as a network for
land-use change is still missing (Bacau et al., 2020).

2.2. Study area

Fujian Province was chosen as a study area because of its problems of
built-up land expansion and farmland and forest land conservation.
Fujian Province, located in southeast China, has nine prefectural cities
which are further divided into 84 counties (Fig. 1.a). The topography of
Fujian Province is dominated by mountains and hills (Fig. 1.b). Western
mountainous and hilly areas are mostly forested and provide a wide
range of ecosystem benefits (Fig. 1.c). Fertile plains are concentrated in
the narrow eastern coastal areas which have been highly industrialised
and urbanised. A local saying—eighty percent is mountains and hills, ten
percent is water and ten percent is arable land—vividly stresses the
shortage of areas for farmland and built-up land-use. Moreover, the

c. Land-use type (201
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Fig. 1. The study area. 1a. Fujian Province, its location within China and division into nine prefectural cities; 1b. The topography of the study area; 1c. The different
land-use types in the study area in 2015; 1d and e. The population and GDP density in 2010 within the study area.
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conflicts concerning built-up land and farmland are intensifying as rapid
urbanisation and economic development. Since China’s Reform and
Opening-up Policy in 1978, the urban population in Fujian Province has
risen from 13.70% in 1978 to 65.80% in 2018, which exceeded the
national average urban population of 59.58% (Fujian Bureau Statistics,
2019). Furthermore, Fujian Province has experienced rapid economic
growth, with its gross domestic product (GDP) increasing from 6637
million RMB in 1978 to 3580,404 million RMB in 2018 (FSB, 2019).
Such developments were mainly concentrated in the eastern coastal
areas (Fig. 1.d and e) where built-up land is consuming the limited fertile
plains. Thus, governing built-up land expansion to align demands for
economic development with farmland conservation and ecosystem
protection is a challenging task for the local government in this area.

954 of the 974 town-level administrative units in Fujian Province
serve as evaluation units, because the delineation of the MFOZ follows
the town boundaries (Fig. 3.a). These town units approximate the actual
unit of plan-making and plan-implementation of the MFOZ. Of the 954
towns, 386 towns are fully located within the development-prioritised
zone and 568 within the development-restricted zone. The 20 towns
that are located within the development-optimized zone were excluded
from the analysis, because it was not possible to find enough suitable
matching pairs from the development-prioritised and development-
restricted zones.

3. Methods
3.1. PSM-based conformance evaluation

Our PSM-based conformance evaluation consisted of four steps
(Fig. 2): (1) select confounding variables and estimate propensity scores,
(2) execute matching and check balance, (3) evaluate the causal effect,
and (4) conduct robustness tests.

3.1.1. Select confounding variables and estimate propensity score

The confounding variables that determine which the major function-
oriented zone a town is assigned to may also affect built-up land change.
We selected the following confounding variables:

e Distance to water (Dis2water): Fujian Province is topographically
dominated by mountains and hills, as a result, settlements have a
distinctive distribution pattern in areas close to water. This variable
was measured as the Euclidean distance from the town to the nearest
waterbody, via a Near tool in ArcGIS 10.6.
Slope (Slope): Steep slopes increase the cost of construction and pose
a higher risk of erosion and landslides than flatter areas (Onsted and
Chowdhury, 2014). This variable was measured as the average slope
within the town, via a Zonal Statistics tool in ArcGIS 10.6.
Economic development (GDP): Built-up land expansion is strongly
positively correlated to economic development (Acuto et al., 2018;
He et al., 2014). This variable was measured as the average GDP in
2010 within the town, via a Zonal Statistics tool in ArcGIS 10.6.
Population growth (Pop): Population growth increases the demand for
built-up land (van Vliet et al., 2017). This variable was measured as
the average population in 2010 within the town, via a Zonal Statis-
tics tool in ArcGIS 10.6.
Road length (Road): Transport is usually considered as a determining
factor influencing land-use change (Kasraian et al., 2019; Li et al.,
2017). This variable was measured as the length of road within each
town in 2010, via a Intersect tool in ArcGIS 10.6.
Distance to city centre (Dis2city): Proximity to urban centres is an
important driver for built-up land expansion (Kasraian et al., 2019;
Yin et al., 2018). This variable was measured as the Euclidean dis-
tance from the town to the nearest prefectural city centre, via a Near
tool in ArcGIS 10.6.
e Neighbourhood effect: The neighbourhood effect is an indispensable
driver of land-use change (van Vliet et al., 2013; Verburg et al.,
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Step 1.1: Select
confounding variables

Step 1.2: Estimate
propensity scores
(logistic regression)

Step 2.1: Execute
matching (1:1 nearest
neighbour matching with
no-replacement and
calliper = 0.01)

Step 2.2: Check balance
(Standard mean
difference < 0.1)

Step 3: Evaluate the
causal effect (t-test)

Step 4: Robustness test
(Rosenbaum bounds
sensitivity test and
matching specifications)

Fig. 2. Steps for the PSM-based conformance evaluation.
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Fig. 3. An overview of the planning variable and confounding variables at the town level.

2004). In general, planners prefer compact strategies for built-up
land expansion, in order to avoid the negative impacts of built-up
sprawl. We measured three types of neighbourhood effect, the area
of: arable land (Nei Arable); forest land (Nei Forest) and built-up land
(Nei Builtup) neighbouring town i in 2010, using a Polygon Neigh-
bour tool in ArcGIS 10.6. A first-order contiguity was used to define
the neighbourhood relationship, that is, the towns that share an edge
or a corner will be considered as the neighbouring towns.

We used logistic regression to calculate the propensity scores via
incorporating the confounding variables as independent variables and
the planning variable as a dependent variable. The planning variable is a
binary variable, where the value 1 was assigned to towns located in the
development-prioritised zone and the value O for towns within the
development-restricted zone. The propensity score provides a univariate
standard to identify the counterfactual (Rosenbaum and Rubin, 1983).
The propensity score in our study refers to the probability of the town i
being assigned, in the planning process, to the development-prioritised
zone, given confounding variables we selected.

3.1.2. Execute matching and check balance

We carried out 1:1 nearest neighbour matching. A town from the
development-restricted zone was chosen as a matching counterfactual
when it was closest to the town of the development-prioritised zone in

terms of propensity score. We also set up matching without replacement,
as it can yield the most precise estimates in a relatively large dataset
(Butsic et al., 2011). Nearest neighbour matching risks poor matches if
the closest neighbour is far away (Caliendo and Kopeinig, 2008). To
avoid this, we imposed a tolerance level of 0.01 on the maximum pro-
pensity score difference (calliper). We imposed a common support by
dropping the towns of the development-prioritised zone whose pro-
pensity score was higher than the maximum or less than the minimum
propensity score of the towns of the development-restricted zone.
After PSM, we obtained 103 matched pairs (Fig. 4.d) and checked the
balance, that is, the confounding variables between 103 matched towns
of the development-prioritised zone and 103 matched towns of the
development-restricted zone should be similar (Rosenbaum and Rubin,
1983). Standard mean difference can be used as a balance indicator and
is defined as (Austin, 2011):
SMD = M
S%+Ig

2

In which X; and X, are the means of the confounding variables of the
towns in the development-prioritised zone and development-restricted
zone respectively. s? and s? denote the sample variances. Standard
mean difference is not influenced by sample size and is independent of
the unit of measurement, which enables to compare the relative balance
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Fig. 4. Built-up land expansion and the matched towns.

among the different confounding variables (Zhang et al., 2019). A higher
standard mean difference indicates a higher dissimilarity in the con-
founding variables. The value 0.1 is considered as a reasonable
threshold for ignoring dissimilarity (Austin, 2011; Stuart et al., 2013).

3.1.3. Evaluate the causal effect

We estimated the causal effect of the MFOZ on built-up land
expansion, by comparing the difference in the mean built-up land
expansion between 103 matched towns of the development-prioritised
zone and 103 matched towns of the development-restricted zone. To
reflect temporal changes in the causal effect of the MFOZ on built-up
land expansion, we used three time intervals: 2013-2015, 2013-2018
and 2013-2020 (Fig. 4.a—c). We used a t-test to assess the statistical
significance of the causal effect, which enabled us to be less restrictive
with model specifications and to directly compare the results with the
conventional conformance evaluation.

3.1.4. Robustness test
We tested the robustness of our results in two ways. First, we used the

Rosenbaum bounds sensitivity test to check whether our results were
robust to potential hidden bias from unobserved confounding variables
(Appendix A). Second, we tested the robustness of our matching algo-
rithms by applying the different matching specifications, which included
nearest neighbour matching with multiple callipers, radius matching
with multiple callipers, and kernel matching (Appendix B).

3.2. Conventional conformance evaluation

As a reference for the PSM-based conformance evaluation, a con-
ventional conformance evaluation was carried out, because it does not
consider selection bias. We compared the difference in the mean built-up
land expansion between 386 towns of the development-prioritised zone
and 568 towns of the development-restricted zone in 2013-2015,
2013-2018 and 2013-2020. We also used a t-test to assess the statistical
significance.
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3.3. Data sources

The land-use dataset (from the years: 2010, 2013, 2015, 2018, and
2020) was provided by the Data Center for Resources and Environ-
mental Sciences, Chinese Academy of Sciences (RESDC) (http://www.
resde.cn) and is a vector format. Land use data in 2010 was inter-
preted based on Landsat TM images (resolution 30 x 30 m). Land use
datain 2013, 2015, 2018, and 2020 were interpreted based on Landsat 8
images (resolution 30 x30 m). The MFOZ, the boundary of the town-
level administrative unit, and the digital elevation model (DEM) (reso-
lution 30x30 m) were provided by the local government. A data with
slope information was calculated based on the DEM data using a Surface
tool in ArcGIS 10.6. Road network data for 2010 were obtained from
NavInfo company (http://www.navinfo.com/en/index.aspx), which is
the largest digital map provider in China. The raster data for GDP in
2010 (resolution 1 x1 km) was provided by RESDC. The raster data for
township-level population in 2010 (resolution 1 x1 km) was provided
by China Science Data (http://csdata.org/en/p/420/).

4. Results
4.1. Overt selection biases

There were overt selection biases in the confounding variables be-
tween the towns in the development-prioritised zone and the towns in
the development-restricted zone (Table 1). The second and third column
of Table 1 display the mean values of the confounding variables. The
towns located in the development-restricted zone were generally further
away from waterbodies and city centres and had steeper slopes, lower
populations and GDP, less road length, more neighbouring arable and
forest land, and less neighbouring built-up land areas than those in the
development-prioritised zone. The fourth column of Table 1 shows
estimation results from a logistic regression and indicates that the con-
founding variables indeed influenced the probability that towns would

Table 1
Selection biases of the confounding variables prior to matching.
Confounding Mean Coefficientsof  Coefficients
variables logistic of OLS
Development-  Development- .

L . regression (Y=Change
prioritized restricted = of built-up
zone zone development- land area

prioritised 2013-2020)
zone,
otherwise 0)
Intercept - - 2.3508* 2.2042%**
(1.3072) (0.4428)
Dis2water 0.22 1.39 -0.2157* -0.0084
(0.1238) (0.0199)
Slope 10.11 15.45 -0.1229* -0.1115%**
(0.0638) (0.0258)
GDP 37.61 4.79 0.1538%*** -0.008
(0.0514) (0.0049)
Pop 1113 181 0.0006** 0.00004
(0.0003) (0.0001)
Road 81.04 62.47 0.0087* 0.0135%**
(0.0044) (0.0028)
Dis2city 30.38 61.96 -0.0483*** -0.0079%***
(0.0106) (0.0029)
Nei Arable 111.57 139.88 0.0077 0.0017
(0.005) (0.0014)
Nei_Forest 70.9 147.96 -0.0164%** -0.0022%**
(0.004) (0.0009)
Nei Builtup 36.57 14.09 -0.0013 -0.0095**
(0.012) (0.0046)
LR statistic - - -259.74 -
Pseudo R? - - 0.59 -
Note: The standard errors in parentheses are clustered by county; “*”, “**” and

” represent rejection of the null hypothesis at the 10%, 5%, and 1% sig-
nificance level, respectively.
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be assigned to the development-prioritised zone. We also carried out an
Ordinary Least Square (OLS) regression on changes in the amount of
built-up land between 2013 and 2020. The results in the fifth column
indicate that the confounding variables also had significant impacts on
built-up land expansion. Thus, in terms of the confounding variables we
selected, the overt selection biases existed in our study because these
confounding variables influenced the assignment of the MFOZ (proved
by logistic regression) and built-up land expansion (proved by OLS
regression).

Based on the estimated coefficients from the logistic regression, we
calculated the propensity score of assignment to the development-
prioritised zone for each town. Fig. 5 presents the distribution of the
propensity scores, which are separated into the development-prioritised
and the development-restricted zone. Both histograms show long-tailed
distributions, indicating that the majority of the towns of the
development-prioritised zone have high propensity scores and the towns
of the development-restricted zone tend to have low propensity scores.
In other words, whether a town would be assigned to the development-
prioritised zone is not random.

4.2. Balance indicator

After matching, we checked the balance of the matched data, that is,
how similar the confounding variables of the matched towns in the
development-prioritised and the development-restricted zone are
(Fig. 6). All confounding variables have the standard mean differences
below 0.1 after matching. Moreover, the standard mean difference of the
propensity scores dramatically decreased from 2.62 to 0.01. This in-
dicates that PSM removed the overt selection biases relatively well. The
remaining difference in built-up land expansion can be attributed solely
to the difference in a planning status.

4.3. Effect of the MFOZ

The conventional conformance and PSM-based conformance evalu-
ation show contrasting results regarding the effect of the MFOZ on built-
up land expansion (Table 2). In the conventional conformance evalua-
tion, the towns in the development-prioritised zone experienced higher
built-up land expansion than those in the development-restricted zone in
each of the three evaluation intervals. The difference in the mean built-
up land expansion between the two zones increased from 0.41 km? in
the interval 2013-2015 to 1.11 km? in the interval 2013-2020. More-
over, the t-test on the mean difference was significantly positive in the
three evaluation intervals, suggesting that the MFOZ was effective in
governing built-up land expansion in Fujian Province. However, the
PSM-based conformance evaluation shows the opposite. The t-test was

Development-prioritised zone
. Development-restricted zone

150-

100-

Count

0.00 0.25 0.50 0.75 1.00
Probability of town being assigned to the development-prioritised zone

Fig. 5. Distribution of the propensity scores of the towns in the development-
prioritised and development-restricted zone.
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Fig. 6. Standard mean difference of the confounding variables and the pro-
pensity score between the towns of the development-prioritised and
development-restricted zone before and after matching.

insignificant in 2013-2015. It indicates that the MFOZ was ineffective in
restricting built-up land expansion in the development-restricted zone at
the start of its implementation. In the intervals 2013-2020 and
2013-2020, the t-test became significant. This suggests that the effect of
the MFOZ varied, from ineffective at the start of its implementation to
effective later in its implementation period. Finally, it is worth noting
that the PSM-based conformance evaluation estimated a smaller effect of
the MFOZ. For example, the conventional conformance evaluation
shows that the towns in the development-restricted zone experienced
lower built-up land expansion (on average 1.11 km? less built-up land
expansion) than the towns in the development-prioritised zone from
2013 to 2020. However, the mean difference is much lower when using
the PSM-based conformance evaluation (0.77 km2). The coefficient
(0.77 km?) indicates that each of the matched towns assigned within the
development-restricted zone would have additionally expanded by
0.77 km? of built-up land if there would have been no the MFOZ. In
aggregate, a total of 79.31 km? of built-up land was prevented within
the development-restricted zone between 2013 and 2020, considering
that there were 103 matched towns in the development-restricted zone.

5. Discussion
5.1. Reflection on selection bias

Evaluating causal evidence for the effect of spatial planning on land-
use change may suffer from selection bias. The conventional confor-
mance evaluation considers the effect of spatial planning on land-use
change as the combined effect brought about by spatial planning in
combination with other forces (e.g., geographical, socio-economic or
proximity factors) (Wong and Watkins, 2009). In our study, the con-
ventional conformance evaluation showed that the MFOZ could
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effectively govern built-up land expansion during the three evaluation
intervals. Another conventional conformance evaluation at the national
scale also found that the development-restricted zone had a lower
annual increase in built-up land area than the development-prioritised
zone between 2010 and 2013 (Liu et al., 2017). However, the com-
bined effects of spatial planning and other forces may be exaggerated or
even result in ineffective outcomes being falsely estimated as effective.
The PSM-based conformance evaluation showed that the MFOZ was
ineffective in governing built-up land expansion between 2013 and
2015, and that the effect of the MFOZ on built-up land expansion were
lower than the effect from the conventional conformance evaluation in
2013-2018 and 2013-2020. The difference between the results of the
conventional conformance and PSM-based conformance evaluation is a
result of selection bias. Within the conventional conformance evalua-
tion, the changes in built-up land may be a result of the confounding
variables and less so of the MFOZ, since the confounding variables
affected both the town’s assignment to a planning status and the town’s
changes in built-up land. For example, as a logistic and an OLS regres-
sion found in our study, Dis2city had not only a negative impact on the
probability of a town being assigned to the development-prioritised zone
(coefficient=—0.0483, p < 0.01), but also had a negative impact on
built-up land expansion (coefficient=—0.0079, p < 0.01). The conven-
tional conformance evaluation attributed the effect of Dis2city on
built-up land expansion to the effect of the MFOZ. Whereas, the
PSM-based conformance evaluation eliminated the effect of Dis2city on
built-up land expansion, thereby identifying solely the effect of the
MFOZ on built-up land expansion. Our finding is essential for future
studies on plan evaluations, which should take selection bias into ac-
count in order to avoid inaccurate evaluations.

5.2. Temporal variation in the causal effect of the MFOZ

Prior work has highlighted the influence of time in the occurrence
and evaluation of plan success or failure (Baer, 1997; Bressers et al.,
2013; Loh, 2011). However, these studies rarely showed empirical evi-
dence for whether and how the effect of spatial planning varied across
time. In our study, the causal effect of the MFOZ on built-up land
expansion varied over the duration of its implementation. In the first few
years of implementation (2013-2015) there was not significant differ-
ence in built-up land expansion between the two zones, which is
inconsistent ~ with  planning intentions.  Later on, the
development-restricted zone significantly had lower rates of built-up
land expansion than the development-prioritised zone, which is
consistent with planning intentions. These results indicate a certain time
lag in plan implementation (Loh, 2011). Time lags make the effect of
spatial planning on land-use change more difficult to evaluate, as the
effect is delayed. Plan implementation is an ongoing process with
discrete steps, which include the enforcement of regulations, the de-
livery of programme services and coordination among stakeholders
(Lyles et al., 2016). In China, local governments are de facto owners and
administrators of land (Li et al., 2015) and are responsible for imple-
menting spatial plan (Shen et al., 2019). The MFOZ, which was only
developed at the national and provincial levels, lacks local administra-
tive measures and implementation regulations. Thus, it is inevitable that

Table 2
Results concerning the area of built-up land expansion from the conventional conformance and PSM-based conformance evaluation.
Conformance Evaluation Development- prioritised zone Development- restricted zone Mean difference t-test Evaluation
evaluation interval (km?) (km?) (km?) results
PSM-based evaluation 2013-2015 0.44 0.37 0.07 Ineffective
2013-2018 1.01 0.6 0.41 Effective
2013-2020 1.43 0.66 0.77 Effective
Conventional 2013-2015 0.61 0.2 0.41 Effective
evaluation 2013-2018 0.97 0.34 0.63 Effective
2013-2020 1.57 0.46 1.11 Effective

Note: “*”, «“**” and “***” represent rejection of the null hypothesis at the 10%, 5%, and 1% significance level, respectively.
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the implementation of the MFOZ is immensely costly in terms of time.
For example, the smallest unit of the Fujian MFOZ is a town, which
means every town only has one major function-oriented zone. Such
coarse zoning results in town-level governments spending considerable
amounts of time coordinating with the superior government to develop
their local corresponding spatial regulations. Furthermore, in our study,
2020 is the final year of implementation of the MFOZ. Our results
confirm that evaluation of the entire planning duration is necessary for a
rigorous causal evaluation of spatial planning and land-use change.

5.3. Do we get closer to causality?

Although the PSM-based conformance evaluation is effective for
causal evaluation, its wider application in evaluation of spatial planning
needs support from spatial planning theory. Spatial planning is
embedded in socio-political and institutional complexity and is highly
context-dependent, which makes it difficult to grasp from a theoretical
perspective (Hersperger et al., 2019). For example, the propensity score
is the basis for identifying counterfactuals. However, what are the un-
derlying variables which may influence the probability of the allocation
of zones of the MFOZ? In addition to the confounding variables we
selected, the unobserved factors (e.g., leaders’ judgements, negotiations
among interest groups) are also the vital confounding variables influ-
encing the allocation of the major function-oriented zones and built-up
land expansion. A regular planning process is not only determined by
spatial analysis of land suitability, but more or less determined by po-
litical negotiations or the leaders’ subjective choice which are unob-
served. These unobserved confounding variables may bias our results,
even that we get a well balance matched data. It is difficult to improve
the predictive ability of propensity scores considering such unobserved
confounding variables, particularly in the absence of a fully elaborated
theory. For future studies, an empirically-based analytical framework
which illustrates the key components and interrelationships necessary
for making and implementing spatial plan, such as the SPlaMI frame-
work based on 21 European urban regions (see Hersperger et al., 2019),
might be useful for conceptualizing and operationalizing the relevant
features of the planning process. Another obstacle limiting the
PSM-based conformance evaluation in its application of plan evaluation
is related to the fact that the land system is a complex
human-environmental system with chains of causality (Biirgi et al.,
2004). Consequently, the PSM-based conformance evaluation which
focuses on the effect of a certain cause may be unsuitable for identifying
complex chains of causality (Meyfroidt, 2016). The PSM-based confor-
mance evaluation may have to test for causal effects piecemeal to
explain fragmentary causal effect within a highly context-specific causal
mechanism.

The PMS-based evaluation is a preferred method for our study,
compared with the other causality approaches, i.e. difference in differ-
ence, synthetic control, instrumental variable, regression discontinuity,
and Granger causality regression. First, difference in difference and
synthetic control rely on longitudinal information prior to the inter-
vention to construct the counterfactuals (Bouttell et al., 2018; Nunn and
Qian, 2011). In our study, we only have longitudinal information after
the implementation of the MFOZ. Second, a suitable instrumental vari-
able, which impacts the assignment of zones of the MFOZ and has no
effect on built-up land expansion, is difficult to find in our study. Third,
regression discontinuity needs a cut-off point to distinguish the treat-
ment and control group (Lee and Lemieux, 2010; Turner et al., 2014). In
our study, the assignment of zones of the MFOZ was not based on a
cut-off point of a specific variable. Last, Granger causality regression
uses a relatively long time series of variables to incorporate lagged
variables in regression models. In our study, the four years’ data is un-
able to satisfy the data requirement of Granger causality regression.
Furthermore, Granger causality regression is useful to examine the
causality between the variables changing over time, such as GDP growth
and NDVI change (He et al., 2020). Thus, Granger causality regression is
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an inappropriate choice for the time-invariant planning variable. In
conclusion, most of causality approaches may be too data-demanding
for our research question, because the enough longitudinal informa-
tion is necessary for demonstrating causal effect. Nevertheless, we are
looking forward to the wider application of the other causality ap-
proaches in the future evaluation of spatial planning.

6. Conclusion

Spatial planning to govern built-up land expansion is now
commonplace among most governments. Evaluating causality from
spatial planning to land-use change is crucial to ensure efficient uses of
resources designated to spatial planning and to improve the likelihood of
spatial planning resulting in its expected outcome. We used the MFOZ,
the first strategic spatial plan in China, as an example to evaluate
whether spatial planning played a causal role in built-up land change in
Fujian Province, considering the three time intervals (2013-2015,
2013-2018 and 2013-2020). The conventional conformance evaluation
showed that the development-restricted zone significantly had lower
built-up land expansion than the development-prioritised zone in the
three intervals. Whereas, the PSM-based conformance evaluation
showed that the development-restricted zone significantly had lower
built-up land expansion than the development-prioritised zone only in
the interval 2013-2018 and 2013-2020. Furthermore, the effect esti-
mated by the PSM-based conformance evaluation was smaller than that
estimated by the conventional conformance evaluation. This suggests
that the conventional conformance evaluation may produce false or
exaggerated estimates compared to the PSM-based conformance evalu-
ation, due to selection biases. Furthermore, we note that the causal effect
of the MFOZ on built-up land expansion varied over its implementation
time, suggesting a time lag in plan implementation.

The PSM-based conformance evaluation is effective for evaluating
the effect of spatial planning on land-use change and achieves results
more accurate in terms of causality than conventional conformance
evaluations. We recommend a wider application of the PSM-based
approach in the evaluation of spatial planning. This would not only
promote a better understanding of the causes of land-use change, but
also increases the likelihood of spatial planning resulting in its expected
outcomes by providing better causal evidence in the decision-making
process. Finally, although our analysis method is more accurate in
terms of causality than a conventional conformance evaluation it can
still be further refined. Further research could build on and refine our
method, for example by including additional potential confounding
variables or identifying the effect of multiple plans.
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HIGHLIGHTS

e Analysis of causal evidence for effect of zoning on built-up land expansion.

e Zoning effectively contained built-up land expansion in Zhangzhou City.

o We observed a time-lag effect during plan implementation.

e Zoning became ineffective at the end of plan implementation.

e Causal inference and the influence of time should be emphasized in plan evaluation.
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The increasing impacts of built-up land expansion on sustainable development have heightened the use of spatial
planning as a policy tool to contain built-up land expansion. However, causal evidence for the effect of spatial
planning on built-up land expansion has largely remained unexplored. In this study, we used a difference-in-
difference model with propensity score matching to estimate the average and annual effect of built-up land
zoning (subsequently called zoning) on built-up land expansion in Zhangzhou City, China between 2010 and
2020. Results on the average effect show that zoning was effective in containing built-up land expansion. Spe-
cifically, zoning prevented 27.02 km? of built-up land expansion outside the development-permitted zones be-
tween 2010 and 2020, which accounts for 32.46% of the observed built-up land expansion outside the
development-permitted zones. We found a time-lag effect, with zoning starting to have an effect after 2013.
Furthermore, zoning became ineffective in containing built-up land expansion at the end of plan implementation.
Based on our findings, we recommend that future evaluations of the effect of spatial planning on land-use change
use causal inference and that they explore the influence of time on the effect of plans in greater detail.

1. Introduction

As a salient and rapid human-induced change on the Earth’s surface
(Gao & O’Neill, 2020; Seto, Guneralp, & Hutyra, 2012), built-up land
expansion has been an important sustainability concern (Acuto, Parnell,
& Seto, 2018). Spatial planning has been developed as an essential
policy tool, with the aim to manage built-up land expansion in an
orderly manner (Hersperger, Gradinaru, Oliveira, Pagliarin, & Palka,
2019). However, the causal relationship between spatial planning and
built-up land expansion has been largely unexplored. Ideally, the causal
effect of spatial planning on built-up land expansion would be

conceptualized as the built-up land expansion that is solely attributable
to spatial planning (Wong & Watkins, 2009). It is difficult to evaluate
such causal effect because we cannot simultaneously observe built-up
land expansion in a fixed region both with and without spatial plan-
ning. However, plan evaluation based on causal relationships is neces-
sary to enhance the credibility of spatial planning (Oliveira & Pinho,
2010), and it contributes to the understanding of causes and conse-
quences of land-use change (Meyfroidt et al., 2018; Turner, Lambin, &
Reenberg, 2007).

China is one of the world’s hotspots of built-up land expansion (Seto
et al., 2012). To contain built-up land expansion, China’s government
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has implemented land-use planning since 1986, when the government
accelerated the reform of the market economy. Land-use plans are
compiled at five administrative levels: national, provincial, prefectural
city, county, and township (Fig. 1). The national and provincial gov-
ernments provide guidelines and assign land-use quotas to the lower
levels of government. The prefectural city, county, and township gov-
ernments are responsible for allocating the quotas based on zoning and
governing the actual land-use change. Land-use planning has two major
targets: built-up land containment and farmland protection, which are
both implemented using a “quota with zoning” mode. For example, to
contain built-up expansion, the central government set a series of built-
up land quotas (e.g., the maximum amount of built-up land, the annual
maximum amount of arable land converting to newly-added built-up
land) according to the prediction of socioeconomic development. Then
these quotas are allocated by the central government to the provincial
level and then divided gradually down to the township level based on
local socioeconomic characteristics (Fang & Tian, 2020; Zhou et al.,
2017). Zoning is used for allocating the quotas into specific locations at
the prefectural city, county, and township level based on suitability
evaluations of built-up land. Thus land-use plans at the prefectural city,
county, and township level mainly consist of several maps showing land-
use zoning and a quota system determining the amounts of land-use
change. Land-use plans in China are authorized by the Land Adminis-
tration Law, meaning that land-use plans have legal validity once they
are approved. Despite the legal validity of the plans, the effect of land-
use planning on containing built-up land expansion is unclear. Many
researchers have found a lack of consistency when overlaying zoning
with the actual built-up land extent, and they have therefore concluded
a failure of land-use planning in China (Guo, Hu, & Zheng, 2020; Liu,
Huang, Tan, & Kong, 2020; Shao, Spit, Jin, Bakker, & Wu, 2018; Shen,
Wang, Zhang, & Fei, 2021).

In this study, we addressed the research question: does zoning play a
causal role in containing built-up land expansion? To get closer to
causality, we used a quasi-experimental method (PSM-DID, difference-
in-difference based on propensity score matching). PSM-DID has been
developed to evaluate the causal effect of a policy on the outcome of
interest (Abadie, 2005; Wing, Simon, & Bello-Gomez, 2018). In this
study, the principle of PSM-DID was to compare the average built-up
land expansion of the villages located inside the development-
permitted zones with that of similar villages located outside the
development-permitted zones (with-versus-similar-without difference),
before and after plan implementation (before-versus-after difference).
PSM-DID, which combines the before-versus-after difference and the
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with-versus-similar-without difference, can get closer to causality than
either difference alone (Blackman, 2013; Butsic, Lewis, & Ludwig, 2011;
Wing et al., 2018). The before-versus-after difference can control for
time-invariant factors (e.g., elevation, slope), but it ignores the factors
that may influence built-up land expansion over time, such as economic
and population growth (Blackman, 2013; Dempsey & Plantinga, 2013).
The with-versus-without difference is misleading because zoning is not
random (Andam, Ferraro, Pfaff, Sanchez-Azofeifa, & Robalino, 2008;
He, Zhao, Fiirst, & Hersperger, 2021). For example, urban proximity not
only influences built-up land expansion, but also influences zoning.
PSM-DID uses the before-versus-after difference to eliminate time-
invariant factors and uses the with-versus-similar-without difference
to eliminate the time-variant factors, thereby evaluating the causal ef-
fect. Several researchers have applied this method to evaluate the causal
effect of construction land quotas on urban expansion (Fang & Tian,
2020) or the causal effect of urban growth boundaries on land devel-
opment (Dempsey & Plantinga, 2013; Kline, Thiers, Ozawa, Alan
Yeakley, & Gordon, 2014). While PSM-DID is an effective method to
estimate the causal effect, it is rarely used to evaluate the causal effect of
spatial planning on land-use change. One of the challenges is that PSM-
DID is data-demanding, because it requires a large amount of longitu-
dinal information to construct the before-versus-after comparison.
Spatial planning usually has a timeline of 10 years or more as an
implementation period. Evaluating the effect of a 10-year plan on land-
use change via PSM-DID requires land-use data spanning over 10 years.

Besides evaluating the causal effect, we made three additional con-
tributions. First, we chose 1662 village-level administrative units in
Zhangzhou City as evaluation units. Selecting an appropriate evaluation
unit is a fundamental, but often neglected, aspect in the evaluation of the
effect of spatial planning on land-use change. In most evaluation
research, a grid is chosen with a cell size from 10 x 10 mto 1 x 1 km
(Braimoh & Onishi, 2007; Cheng & Masser, 2003; Huang, Zhang, & Wu,
2009; Kasraian, Maat, & Van, 2019). These choices are often arbitrarily
determined or match the resolution of the available data. Administrative
units are rarely considered (Anthony, 2004; Colantoni, Grigoriadis,
Sateriano, Venanzoni, & Salvati, 2016). The ideal evaluation unit must
match the plan-implementation unit, which may not be apparent. The
village-level administrative units are legalized grassroots units that elect
a villagers’ committee as the authority, and they are the basic socio-
economic units in China (e.g., census, mail system, land ownership, (Li,
Fan, & Liu, 2019)). As the lowest unit in China’s top-down adminis-
trative hierarchy (nation — province — prefectural city — county —
township - village), villages are the final administrative unit to put land-
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Fig. 1. Land-use planning system in China.
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use plans into practice, such as land expropriation, demolition, and
farmland protection. Thus, the village-level administrative units are the
ideal evaluation unit because they approximate the actual unit of land-
use decision-making in China (Huang, Huang, & Liu, 2019).

Second, we used binary and continuous variables to represent
zoning. A binary variable is most commonly used to represent spatial
planning (Cheng & Masser, 2003; Kasraian et al., 2019; Poelmans & van
Rompaey, 2010; Shu et al., 2020). For example, land that is assigned
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inside protected areas is coded as 1 and other land is coded as 0. A
continuous variable is appropriate in our case where the villages have
different amounts of area inside the development-permitted zones. The
villages with more land area assigned to the development-permitted
zones can expand built-up land as they expected, which corresponds
to lenient regulation, while the others with more land area assigned to
the development-restricted zones are faced with more stringent regu-
lations that require them to reduce built-up land expansion. Thus, we

b. Elevation

Elevation

p— 1515m
—_—

d. Built-up land expansion

Built-up land expansion
(1995-2020)

Fig. 2. Study area.
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used the binary and continuous planning variables to obtain a robust
estimation.

Third, we examined the annual effect of zoning on built-up land
expansion. Time influences policy success and failure, and it impacts
policy evaluation (Bressers, van Twist, & ten Heuvelhof, 2013). The
effect of spatial planning on land-use change may take many years to be
visible. (Loh, 2011) suggested that a discrepancy between the actual and
planned land-use change may result from a time-lag effect in plan
implementation. Moreover; the plan effect varies during the imple-
mentation years. In some studies, it has been reported that the plan ef-
fect reduced as time elapsed after the plan’s implementation (Alterman
& Hill, 1978; Padeiro, 2016). Thus, besides the average effect, we
explored whether zoning had a time-lag effect on containing built-up
land expansion, and how the effect varied over time.

In Section 2 of this paper we present the study area, variables, and
data sources; in Section 3 we describe the methodology; in Section 4 we
present the empirical results; in Section 5 we discuss the empirical re-
sults in depth; and in Section 6 we provide conclusions.

2. Study area, variables, and data sources
2.1. Study area

Zhangzhou City is located in the southeastern part of China and is a
prefectural city in Fujian Province. It has 11 counties which are further
divided into 161 townships (Fig. 2.a). The area has strong agricultural
roots. It has fertile plains and is highly irrigated (Fig. 2.b), which favors
agricultural production (e.g., vegetables, citrus fruits, bananas, and
flowers (Huang, Pontius, Li, & Zhang, 2012)). Economic development in
this area traditionally depends on arable land and forest land. Since
China’s Reform and Opening-up Policy in 1978, Zhangzhou City has
undergone rapid population and economic development. From 1978 to
2019 its GDP increased from 0.89 billion to 474.18 billion RMB and its
population increased from 3.44 million to 5.16 million. Such develop-
ment is intensifying the contradiction between built-up land expansion
and agricultural land protection (Huang et al., 2012; Jiang, Sun, &
Zheng, 2019). Our land-use data show that built-up land expanded from
442.39 km? in 1995 to 1000.84 km? in 2020 (Fig. 2.d). Correspondingly,
arable land decreased from 2883.50 km? to 2548.08 km? and forest land
decreased from 6802.45 km? to 6492.81 km? Furthermore, some
studies demonstrated that built-up land expansion resulted in environ-
mental degradation in this area. For example, built-up land expansion
increased water pollution (Huang, Huang, Pontius, & Zhang, 2015).
Ecosystem services have decreased dramatically because a considerable
amount of arable land and forest land has been converted into built-up
land (Chen, Tang, Qiu, Hou, & Wang, 2020). Thus, answering the causal
question — does zoning play a causal role in containing built-up land
expansion? — is required for the local government to effectively contain
built-up land expansion and to protect the environment.

2.2. Variable descriptions

We used panel data comprised of 1622 village-level administrative
units with longitudinal information from eight years (1995, 2000, 2005,
2010, 2013, 2015, 2018, and 2020). We chose village as the research
unit because it approximates the actual unit of land-use decision-mak-
ing. We defined a study period that was long enough to contain sufficient
longitudinal information. On the one hand, it covers the entire imple-
mentation period of the land-use plan in Zhangzhou City (2010-2020).
On the other hand, it allows a comparison of built-up land expansion
before and after the implementation of the land-use plan.

2.2.1. Built-up land expansion

Built-up land expansion was the outcome of interest in our study. We
used the percentage of built-up land out of the total land area (excluding
waterbody area) to assess built-up land expansion (BuLE;) at the village
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level during the studied period. BuLE; € [0,100] . Values close to 100
indicate that village i was fully developed in year t.

2.2.2. Planning variables

In Zhangzhou City, the land-use plan divided the territory into four
zone types: development-permitted zones, development-permitted-
conditionally zones, development-restricted zones, and development-
forbidden zones (Fig. 2.c). Built-up land development is allowed only
inside the development-permitted and development-permitted-
conditionally zones, and we therefore combined these two zone types
into the development-permitted zone type to form the core independent
variable in this study. The delineation of development-permitted zones
does not follow the village boundaries. Here, we used two types of
planning variables: binary and continuous. We assigned Develop; = 1 to
the villages that were partially or entirely located inside the
development-permitted zones, and Develop; = 0 to the villages that were
entirely located outside the development-permitted zones (Fig. 3.A).
The reason for using a binary variable is that the villages adopt an
aggressive development strategy when they are located inside a
development-permitted zone. Considering that the villages have
different amounts of area inside the development-permitted zones, we
additionally used a continuous planning variable (Intensity;) by calcu-
lating the percentage of land that was assigned to the development-
permitted zones in village i (Fig. 3.B).

2.2.3. Control variables

To improve the explanatory power of our DID model, we used control
variables concerning neighborhood, geography, and proximity to urban
centers and roads. The census data on socioeconomic characteristics (e.
g., population, household, economy) are unavailable at the village level
in China, especially for our panel data. The proximity to urban centers
and the distance to coastlines can be used as a proxy for socioeconomic
characteristics, because urban areas and eastern coastal areas have
higher socioeconomic development compared with rural areas and
western mountain areas in Zhangzhou City (Jiang et al., 2019). We
illustrated the variables in Fig. 4 and summarized the statistical de-
scriptions and data sources in Table 1.

Neighborhood variables: The neighborhood effect is an indispens-
able driver of land-use change (van Vliet et al., 2013; Verburg, de Nijs,
van Eck, Visser, & de Jong, 2004). We considered villages that share an
edge or a corner of their border the neighboring villages. We calculated
the area of built-up land (Nei_Built.up;) in the neighboring villages of
village i in year t using the Polygon Neighbor tool in ArcGIS 10.6.

Geographical variables: Built-up land tends to expand along rivers
and coastlines (le Berre, Maulpoix, Thériault, & Gourmelon, 2016; Tian
& Wu, 2015). We measured the distance to waterbodies (Dis2water;) and
to coastlines (Dis2coastline;) by calculating the Euclidean distance from
village i to the nearest waterbody and coastline using the Near tool in
ArcGIS 10.6. High elevation increases the cost of construction and poses
a higher risk of erosion and landslides than lower and flatter areas
(Onsted & Chowdhury, 2014; Zhong, Huang, Zhang, & Wang, 2011). We
measured elevation (Elevation;) by calculating the average elevation
within village i using the Zonal Statistics tool in ArcGIS 10.6.

Proximity to urban centers: Proximity to urban centers is an
important driver of built-up land expansion (Kasraian et al., 2019; Yin,
Kong, Yang, James, & Dronova, 2018). We measured the distance to the
city center (Dis2city;) and county centers (Dis2county;) by calculating the
Euclidean distance from village i to the city center and to the nearest
county center using the Near tool.

Proximity to roads: Roads are important corridors for built-up land
expansion (Poelmans & van Rompaey, 2010; Tian & Wu, 2015). We
measured the distance to roads (Dis2road;) by calculating the Euclidean
distance from village i to the nearest road using the Near tool. We
selected expressways, national highways, and provincial roads, because
these roads connect all capitals of provinces, prefectural cities, and most
of the counties in China.
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Fig. 4. Variables in the DID model: (A) The percentage of built-up land out of the total land area for each village in 2020; (B) binary planning variable; (C)
continuous planning variable; (D) Euclidean distance to the nearest waterbody; (E) Euclidean distance to the nearest coastline; (F) elevation; (G) Euclidean distance
to the city center; (H) Euclidean distance to the nearest county center; (I) Euclidean distance to the nearest road; (J) area of built-up land in the neighboring villages

of village i in 2020.

3. Methodology
3.1. Empirical strategy
3.1.1. Average effect

We specified the following DID model to estimate the average effect
of zoning on built-up land expansion:

2020 2020
BuLE;,=f(Develop;*Time,) +yN;,+ Z ¢G;*Year;+ Z @P*Year;+u;+2,
j=2000 J=2000
+é€ir @

where BuLE; is the dependent variable, representing built-up land
expansion in village i in year t . Develop; is a binary planning variable.
Develop; = 0 if the village was assigned as being entirely outside the
development-permitted zones, otherwise Develop; = 1 . Time, is a binary

variable. We assigned Time; = 1 to the years after the implementation of
the land-use plan (i.e., 2010, 2013, 2015, 2018, and 2020) and Time, =
0 to the years before the implementation (i.e., 1995, 2000, and 2005).
The coefficient (8) of the interaction term (Develop;*Time;) represents
the causal effect of zoning on built-up land expansion. We controlled for
the other variables that could affect built-up land expansion. N; repre-
sents the area of built-up land in the neighboring villages of village i in
year t (Nei_Built.up;). G; represents geographical variables, such as dis-
tance to waterbodies ( Dis2water; ) and to coastlines ( Dis2coastline; ),
and elevation ( Elevation; ). P; represents the proximity to urban centers
(Dis2city; and Dis2county;) and to roads (Dis2road;). Because the
geographical and proximity variables are time-invariant, we followed
the approach proposed by (Nunn & Qian, 2011) to create the interaction
terms (Y.2°20 ,¢Gi*Year; and Y220 oP;*Year,). The dummy variable
Year; =1 if j€ T = [2000, 2005, 2010, 2013, 2015, 2018, 2020],
otherwise Year; = 0. We used two-way fixed effects to estimate the DID
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Table 1
Statistical descriptions and data sources for the variables.

Variables Unit  Mean Min Max S.D. Data sources
Dependent
variable
BulLE % 12.73 0.00 100.00 19.93  Data Center for
Resources and
Environmental
Sciences, Chinese
Academy of
Sciences
Planning
variable
Develop - 042 0 1 0.49  Local government
Intensity % 13.50 0.00 100.00 27.35 Local government
Control
variables
Dis2water km 1.50 0.00 15.94 2.30  Data Center for
Resources and
Environmental
Sciences, Chinese
Academy of
Sciences

Dis2coastline km 26.29 0.00 92.89 23.27  Data Center for
Resources and
Environmental
Sciences, Chinese
Academy of
Sciences

Local government
Local government
Local government

Elevation km 0.18 0.00 1.05 0.22
Dis2city km 49.17 0.00 108.14 27.89
Dis2county km 13.51  0.00 42.90 9.48
Dis2road km 2.55 0.00 17.30 3.51
Nei Built.up km? 2,67 0.00 23.21 2.72

NavInfo company
Data Center for
Resources and
Environmental
Sciences, Chinese
Academy of
Sciences

model, where u; and A, were the village and year fixed effects, respec-
tively. The two-way fixed effects model can eliminate omitted variable
bias arising both from unobserved variables that are constant over years
but vary across villages and from unobserved variables that are constant
across villages but vary over years (Stock & Watson, 2019). Finally, we
clustered the standard errors at the village level to address potential
serial correlation and heteroscedasticity. ¢; is the disturbance term.

Besides the binary planning variable, we explored the average effect
of the continuous planning variable on built-up land expansion by
specifying the following DID model:

2020 2020
BuLE;= p(Intensity;*Time,) + yN; + Z ¢G;*Year; + Z @P;*Year; + u;
j=2000 Jj=2000

+ A+ €
(€19)

where Intensity; is the percentage of land that was assigned to the
development-permitted zones in village i .

3.1.2. Annual effect

In addition to the average effect, we estimated the annual effect of
zoning on built-up land expansion by specifying the following DID
models:

2020 2020 2020
BuLE; = Z /)’j(Develop’.*Yearj)+yN,,+ Z ¢G;*Year;+ Z @P*Year;
j=1995 j=1995 j=1995
+ui+A+ € (I1m)
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2020 2020 2020

BuLE; = Z B (Intensity;*Year;) +yNi + Z ¢G;*Year; + Z @P;*Year;
j=1995 j=1995 j=1995
+ui+ A+ av)

We used the binary (Develop;) and continuous (Intensity;) planning
variables to obtain a robust estimation. §; represents the causal effect of
zoning on built-up land expansion in the years 1995, 2000, 2005, 2013,
2015, 2018, and 2020. We considered 2010-2020 the implementation
period of the land-use plan in Zhangzhou City and omitted the year 2010
as the baseline year, since the land-use plan in Zhangzhou City was
approved by the Fujian Province government in August 2010
(https://www.596fc.com/news/article 616_1.html). The other vari-
ables were defined above in Section 2.2.3.

3.1.3. Parallel trend and selection bias

The key underlying assumption of the DID model is the parallel trend
assumption (Wing et al., 2018). This assumption requires that the vil-
lages located inside the development-permitted zones had a parallel
trend to those located outside these zones in terms of built-up land
expansion before the implementation of the land-use plan. Another
challenge in plan evaluation is the selection bias inherent in the plan-
ning process (Abadie, 2005). The selection bias in our study refers to the
systematic differences in the characteristics (e.g., geographical factors,
proximity to urban centers) between the villages located inside the
development-permitted zones and those located outside the
development-permitted zones. Before estimating the DID model, we
employed PSM to overcome the above two challenges.

In our study, the propensity score refers to the probability of village i
being assigned to the development-permitted zones during the planning
process, given a series of confounding variables (Rosenbaum & Rubin,
1983). We calculated the propensity score with the following logistic
regression model:

ps = Prob(Develop;= 1X;) = p, + pXi + € W)

where ps represents the propensity score and Develop; is the same as in
model I. X; are the confounding variables, which include the area of
built-up land in the neighboring villages of village i in 2010
(Nei_Built.up; 2010) , built-up land expansion in 2010 (BuLE;2010), dis-
tance to waterbodies (Dis2water;), distance to coastlines (Dis2coastline;),
elevation (Elevation;), proximity to urban centers (Dis2city; and
Dis2county;), and proximity to roads (Dis2road;). Based on the estimated
coefficients g, , we calculated the propensity score for each village. We
carried out 1:1 nearest neighbor matching, where a village assigned as
being outside the development-permitted zones was chosen as the
matched counterfactual when it was closest to a village assigned as being
inside the development-permitted zones in terms of the propensity
score. We set up matching without replacement, which can obtain pre-
cise estimates in a relatively large dataset (Butsic et al., 2011). We
imposed a tolerance level of 0.05 on the maximum propensity score
difference (i.e., caliper) to avoid poor matches if the closest neighbor is
far away (Caliendo & Kopeinig, 2008).

3.2. Robustness checks

3.2.1. Event study

We used an event study to check whether the parallel trend
assumption was satisfied. The model for the event study is the same as
model III, which is commonly used to test the parallel trend assumption
(Jacobson, LaLonde, & Sullivan, 1993). b; should be non-significant for
the pre-implementation years (i.e., 1995, 2000, and 2005) if the parallel
trend assumption was satisfied.

3.2.2. Balance check
After PSM, the differences in the confounding variables (i.e., selec-
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tion bias) should be reduced between the villages located inside the
development-permitted zones and those located outside the
development-permitted zones (Rosenbaum & Rubin, 1983). We used the
standardized mean difference (SMD) to check the extent to which PSM
reduced the selection bias (Austin, 2011):

%1 — Xol

SMD =

> (VD

ST,
2

0

where X; and X, are the means of the confounding variables of the vil-
lages when their Develop; is equal to 1 and 0, respectively. s and s2
denote the sample variances. A higher SMD indicates a larger difference
in the confounding variables. The value 0.1 is considered a reasonable
threshold for ignoring the selection bias (Austin, 2011; Stuart, Lee, &
Leacy, 2013).

3.2.3. Placebo test

We conducted a placebo test using model I. All variables are the same
except for Time, . Here, we falsely assumed that the land-use plan in
Zhangzhou City was approved in 2005, before the actual implementa-
tion year. Time, equals 1 in the years 2005, 2010, 2013 2015, 2018, and
2020, and it equals O in the years 1995 and 2000. Because Time; was
falsely specified, the coefficient of Develop;*Time; should be non-
significant. A placebo test can also be used to detect an anticipation
effect (Fang & Tian, 2020). Stakeholders might have acted in anticipa-
tion of the coming regulations. If the coefficient of Develop;*Time, is
significant, the land-use plan in Zhangzhou City might have started to
have an effect before 2010.

4. Results
4.1. Average effect

The results based on PSM-DID suggest that zoning played a causal
role in containing built-up land expansion in Zhangzhou City between
2010 and 2020. The coefficient of Develop;*Time, indicates a 1.21% in-
crease in built-up land area in the villages assigned to the development-
permitted zones (Table 2). To interpret the practical meaning of the
coefficient, we assumed that every matched village had the identical
total land area (5.74 km2), which is the mean of the total land area in the
772 matched villages. The coefficient (1.21%) indicates that each of the
matched villages assigned as being outside the development-permitted
zones would have expanded by an additional 0.07 km? of built-up
land if there were no zoning. In aggregate, a total of 27.02 km? of
built-up land was prevented outside the development-permitted zones
during the implementation of the land-use plan, considering that there
were 386 matched villages assigned as being outside the development-
permitted zones. The actual built-up land expansion outside the

Table 2
Average effect of zoning on built-up land expansion
Model I Model IT
Develop;*Time, 1.21* (0.67)
Intensity;* Time, 0.06** (0.03)
Village fixed effect Yes Yes
Year fixed effect Yes Yes
R? 0.19 0.19
Hausman test 98.60 *** 103.50%**
No. of matched villages (Develop; = 1) 386 386
No. of matched villages (Develop; = 0) 386 386
No. of years 8 8
No. of observations 6176 6176

Note: The clustered standard errors of the coefficients are given in parentheses;
* ** and *** denote a significance level of 10%, 5%, and 1%, respectively; a
Hausman test shows that a fixed effect model is better than a random effect

model; the other coefficients are listed in Table A.1 in the Appendix A.
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development-permitted zones between 2010 and 2020 was 83.23 km?,
with zoning preventing an additional 32.46% of built-up land expansion
outside the development-permitted zones. We further controlled for the
continuous planning variable and found that an additional percentage of
land area assigned to the development-permitted zones increased built-
up land expansion by 0.06%.

To compare with the average effect from the PSM-DID approach, we
performed an overlay analysis to assess built-up land expansion inside
and outside the development-permitted zones. We found that built-up
land area increased from 325.48 km? in 2010 to 353.19 km? in 2020
inside the development-permitted zones. Meanwhile, built-up land area
increased from 562.26 km? to 645.49 km? outside the development-
permitted zones. That is, the amount of built-up land expansion
outside the development-permitted zones (83.23 km?) was three times
higher than the amount inside the development-permitted zones (27.71
km?). These results indicate that much of the built-up land expansion
occurred outside the development-permitted zones, despite the fact that
zoning played a causal role in containing built-up land expansion as
shown above.

4.2. Annual effect

We found a time-lag effect in the initial implementation period of the
land-use plan in Zhangzhou City. Zoning did not play a causal role in
containing built-up land expansion until 2013, because the coefficients
of Develop,*Yearsp13 (—0.02, p = 0.50) and Intensity;* Yearsp13 (0.0003, p
= 0.60) were close to zero and non-significant (Fig. 5 and Table A.2).
However, the coefficients of Develop;*Yearsos (0.97, p = 0.06),
Intensity;*Yearso15 (0.04, p = 0.02), and Intensity,*Yearso1s (0.06, p =
0.05) were positive and significant. These results indicate that zoning
started to play a causal role in containing built-up land expansion after
2013.

Besides the time-lag effect, we found that zoning became ineffective
in containing built-up land expansion as time elapsed. When we used a
binary planning variable, the coefficients of Develop;*Yearaps (0.77, p =
0.13) and Develop;*Yearagzo (0.70, p = 0.21) decreased and became non-
significant. This means that zoning was ineffective in containing built-up
land expansion in 2018 and 2020. When we controlled for the contin-
uous planning variable, the coefficient of Intensity;*Yearapo (0.05, p =
0.10) also decreased and became non-significant.

4.3. Robustness checks

4.3.1. Parallel trend test

We conducted an event study (model III) to validate the parallel
trend assumption using the unmatched and matched data (Table 3).
Before applying PSM, the coefficients of Develop;*Yeariqggs , Develop;*
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Fig. 5. The coefficients of Develop;*Year; in model III and Intensity;*Year; in
model IV; the other coefficients are listed in Table A.2 in the Appendix A.
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Table 3
Event study on the parallel trend assumption before and after matching

Variable Before matching After matching
Develop;*Year;gos —6.03*** (0.7) —0.85 (0.81)
Develop;*Yearaooo —5.51%** (0.68) —0.8 (0.81)
Develop;*Yearagos —1.53*** (0.37) —0.53(0.47)
Develop;*Yearao 3 0.04* (0.02) —0.02 (0.03)
Develop;*Yearaos 0.46 (0.42) 0.97* (0.51)
Develop;*Yearyo1s 0.13 (0.41) 0.77 (0.51)
Develop;*Yearagao —0.17 (0.44) 0.7 (0.55)
Village fixed effect Yes Yes

Year fixed effect Yes Yes

R? 0.28 0.19
Hausman test 743.6 *** 138.15 ***
No. of villages (Develop; = 1) 692 386

No. of villages (Develop; = 0) 970 386

No. of years 8 8

No. of observations 13,296 6176

Note: The clustered standard errors of the coefficients are given in parentheses;
*, ** and *** denote a significance level of 10%, 5%, and 1%, respectively; a
Hausman test shows that a fixed effect model is better than a random effect

model; the other coefficients are listed in Table A.3 in the Appendix A.

Yearyooo , and Develop;*Yearagos were significant, which implies that the
villages had different trends in terms of built-up land expansion before
the land-use plan was implemented (Fig. 6). After implementing PSM,
the coefficients of Develop;*Yeariggs , Develop;*Yearaooo , and Develop;*
Year;oos were non-significant, suggesting that the matched villages fol-
lowed a parallel trend in terms of built-up land expansion before the
implementation of the land-use plan (Fig. 6). Meanwhile, after the
implementation of the land-use plan, the coefficient of Develop;*Yearzo1s
became significant. Taken together, these results demonstrate that the
matched data satisfied the parallel trend assumption, which enabled us
to evaluate the causal effect of zoning using a DID method.

4.3.2. Balance check

After implementing PSM, we checked the balance of the matched
data. All eight confounding variables had a SMD <0.1 after matching
(Fig. 7). Moreover, the SMD of the propensity scores decreased
dramatically with matching, from 1.53 to 0.03. This indicates that PSM
removed the selection bias effectively. The remaining difference in built-
up land expansion between the villages located inside the development-
permitted zones and the matched villages located outside the
development-permitted zones could be attributed solely to the differ-
ence in planning status.

4.3.3. Placebo test
In the placebo test, the coefficient of Develop;*Time; was non-

Before matching
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Fig. 6. Trends of built-up land expansion from 1995 to 2020.
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Fig. 7. Standardized mean difference of the confounding variables and the
propensity score before and after matching.

significant (1.15, p = 0.13, Table A.4), indicating that zoning had no
effect if the land-use plan in Zhangzhou City was approved in 2005. The
results of the placebo test enhance the credibility of our findings. In
addition, we did not detect an anticipation effect.

5. Discussion
5.1. Causal effect of spatial planning

While the ineffectiveness of spatial planning on containing built-up
land expansion is common around the world (Abrantes, Fontes,
Gomes, & Rocha, 2016; Alfasi, Almagor, & Benenson, 2012; Guo et al.,
2020; Kleemann et al., 2017; Sharifi, Chiba, Okamoto, Yokoyama, &
Murayama, 2014; Wang, Han, & Lai, 2014), most previous research did
not answer the question of how built-up land expansion would have
differed in the absence of spatial planning. In our study, we used a PSM-
DID approach to test the causal effect of zoning in containing built-up
land expansion in Zhangzhou City, China between 2010 and 2020. We
found that zoning restricted 32.46% of built-up land expansion outside
the development-permitted zones. This finding remained robust when
we used a continuous planning variable. Our findings are consistent with
some research suggesting the effectiveness of spatial planning in con-
taining built-up land expansion via a DID model (Dempsey & Plantinga,
2013; Fang & Tian, 2020). For example, (Fang & Tian, 2020) found that
construction land would have expanded by an additional 70 ha annually
for each city in the absence of construction land quotas, which have been
broken in over one-third of Chinese cities.

The discrepancy between our findings and most previous research,
which suggested the failure of spatial planning in containing built-up
land expansion, results from how the effect was defined. In previous
studies, the effect was commonly evaluated by comparing the actual
built-up land expansion with the intended built-up land expansion. We
likewise evaluated such effect and found that the amount of built-up
land expansion outside the development-permitted zones (83.23 km?)
was three times as large as the amount inside the development-
permitted zones (27.71 km?) between 2010 and 2020 in Zhangzhou
City. In our study, the effect was defined as the difference between the
actual built-up land expansion and the counterfactual built-up land
expansion that would have occurred without spatial planning. This
definition descends from Lewis’s theory of causality based on counter-
factual thinking (Lewis, 1973). Our results from the PSM-DID approach
provide compelling causal evidence for the effectiveness of zoning in
containing built-up land expansion. The question of how to define the
effect is still controversial in plan evaluation (Alexander, 2009; Baer,
1997; Wong & Watkins, 2009). As (Baer, 1997) suggested,
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implementation evaluation of spatial planning may fall into either a
glass-half-empty or a glass-half-full perspective. The former results in
discouragement due to non-conformance between the plan and reality,
while the latter is optimistic when reality turns out to be more like the
plan than it would have been without the plan.

5.2. Time in plan evaluation

Time influences the occurrence and evaluation of plan success or
failure (Baer, 1997; Bressers et al., 2013; Loh, 2011). However, empir-
ical evidence for whether and how the effect of spatial planning varies
across time is rare. In our study, we quantitively tested the annual effect
of zoning on built-up land expansion after the land-use plan was
implemented (2010-2020). Our results indicate that a time-lag effect
existed in the initial period of plan implementation. Land-use planning is
a top-down system in China: planning at lower administrative levels
needs to comply with the guidelines set by higher administrative levels.
It is inevitable that the lower-level governments spend considerable
amounts of time coordinating with the higher-level land-use planning
authorities to develop their land-use decision-making. The land-use plan
in Zhangzhou City was approved in August 2010. Based on our findings,
it is reasonable to observe that zoning started to play a causal role in
containing built-up land expansion after 2013.

Besides the time-lag effect, we found that zoning became ineffective
in containing built-up land expansion as time elapsed. This finding is
consistent with prior research in other countries suggesting that the
effect of spatial planning reduces over time (Alterman & Hill, 1978;
Feitelson, Felsenstein, Razin, & Stern, 2017; Padeiro, 2016). In our case,
the reduced effect of zoning can be explained by three reasons. First, the
land-use plan in Zhangzhou City was outdated by 2020, considering that
data from 2005 were used as the baseline data in plan-making. Second,
the demand for built-up land continued to increase as Zhangzhou City
experienced rapid population and economic development. Regulatory
plans tend to become less effective over time as development pressures
mount (Feitelson et al., 2017). In addition, we attribute the declining
effect of zoning in Zhangzhou City to the reform of the spatial planning
system in China. In 2018, the Ministry of National Resources was
established to replace the Ministry of Land and Resources that had been
in charge of land-use planning. In 2019, the National Territory Spatial
Planning was proposed to integrate different spatial planning, such as
land-use planning, urban planning, and major function-oriented zoning.
These changes reduced the causal effect of zoning in containing built-up
land expansion at the end of plan implementation.

While results on the average effect show that zoning was effective in
containing built-up land expansion between 2010 and 2020, results on
the annual effect reveal that the effects of zoning varied during the
implementation of the land-use plan. We argue that plan evaluation is
insufficient if the temporal dimension during plan implementation is not
considered adequately. To ensure rigorous plan evaluation, future work
should include a temporal match between the planned and evaluated
time horizons, thereby making it possible to look at the entire planning
cycle, and should incorporate multiple time points representing detailed
dynamics of plan implementation. Such future work will be supported
by the digitalization of plan data in public administration (Hersperger &
Fertner, 2021) and by publicly available land-use data at a fine spatio-
temporal scale.

5.3. Implications for other cities

A 3-year time-lag effect existed during the implementation of the
land-use plan in Zhangzhou City, as zoning started to play a causal role
in containing built-up land expansion after 2013. While a time-lag effect
is expected, it would be interesting to better understand how long it
generally takes for the effect of spatial planning on land-use change to
become visible. Unfortunately, there are currently few such studies in
other cities that can be compared with our case study. Spatial planning is
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only as effective as the governance capacity to enforce it (le Polain de
Waroux et al., 2016; McNeill et al., 2014). The effect of spatial planning
on land-use change takes more time to become visible when governance
capacity is poor. Taking our findings from Zhangzhou City as a refer-
ence, we would expect to observe a time-lag effect of less than 3 years in
Shanghai, Beijing, and other provincial capitals, because these cities
have a greater governance capacity (Wang, 2020).

Land-use zoning in China is under unprecedented pressure to fulfill
the task of containing built-up land expansion resulting from rapid ur-
banization. Criticism of its effectiveness is prevalent, as discrepancies
between zoning and the actual built-up land expansion have been re-
ported in many cities (Guo et al., 2020; Liu et al., 2020; Shao et al., 2018;
Shen et al., 2021), and the credibility of land-use planning is therefore
declining. We argue, however, that a lack of conformance alone does not
mean that causality does not exist. Indeed, our findings suggest that
zoning played a causal role in containing built-up land expansion in
Zhangzhou City. The causal evidence from our case study can enhance
the credibility of land-use planning in other Chinese cities. In addition,
there are many similar spatial plans in other countries that regulate the
amount and location of built-up land via command-and-control mech-
anisms, such as urban growth boundaries (Gennaio, Hersperger, &
Biirgi, 2009), green belts (Macdonald, Monstadt, & Friendly, 2020;
Siedentop, Fina, & Krehl, 2016), and land-use zoning (Alfasi et al., 2012;
Sharifi et al., 2014). Our study has implications for the causal evaluation
of these plans, especially for developing countries that face severe
conflicts between built-up land expansion and natural land protection.

5.4. Potential bias from omitted variables

We should be aware that our models and results could be subject to
omitted variable bias. Potential variables that also could be used to
answer whether zoning plays a causal role in containing built-up land
expansion in Zhangzhou City, China are economic and population
growth, economic and population size, employment, household size and
number, incomes, etc. These variables are important drivers of built-up
land expansion and tend to be positively correlated with the planning
variables in this study. For example, villages with high economic and
population growth are more likely to expand built-up land and to be
assigned into the development-permitted zones than those with low
economic and population growth. These potential omitted variables
usually vary both across villages and over years. Our two-ways fixed
effects model is unable to eliminate the bias from omitting these vari-
ables, because the two-ways fixed effects model is only immune to
omitted variable bias coming from variables that are constant either
over years or across villages. Mathematically, a positive covariance of
the omitted variables with both the dependent variable and the key
independent variables results in the coefficients of the key independent
variables being larger than the true value of these coefficients (Wilms,
Mathner, Winnen, & Lanwehr, 2021). That is, if we had been able to
include these variables, we would have found smaller effect sizes of
zoning in containing built-up land expansion. For example, we expect
that we would have found that zoning would have prevented less than
27.02 km? of built-up land expansion outside the development-
permitted zones between 2010 and 2020. However, the omitted vari-
ables do not threaten the statistical significance since our sample size is
relatively large (Wilms et al., 2021). Taken together, the omitted vari-
able bias does not compromise the validity of our conclusion answering
the question whether zoning plays a causal role in containing built-up
land expansion.

6. Conclusion

As built-up land expansion is emerging as an important sustainability
concern, spatial plans to contain built-up land expansion are not lacking.
However, causal evidence to support these plans is scarce. The PSM-DID
approach applied here can provide causal evidence for the effect of
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spatial planning on land-use change. In this study, we examined the
average and annual effect of zoning on built-up land expansion, taking
Zhangzhou City, China as an example. We found that zoning was
effective in containing built-up land expansion; specifically, it restricted
27.02 km? of built-up land expansion outside the development-
permitted zones between 2010 and 2020. Furthermore, we observed a
time-lag effect at the initial implementation period of the land-use plan.
Zoning started to play a causal role in containing built-up land expan-
sion only after 2013. Finally, zoning became ineffective in containing
built-up land expansion at the end of plan implementation.

In this study, we focused on the causal effect of zoning on the amount
of built-up land expansion because the land-use plan in Zhangzhou City
mainly aimed to restrict built-up land expansion areas. The causal effect
of zoning on built-up land expansion types and forms deserves more
attention in future, because zoning may be ineffective in controlling
built-up land expansion types and forms, as seen with leapfrog devel-
opment. In addition, the pattern and the underlying drivers of the non-
conforming built-up land expansion need to be explored in future
research.
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Abstract: Rapid expansion of built-up land is W'& and often does not follow
<y

established zoning regulations. This non- expansion of built-up land may
exacerbate social and environmenta s and has emerged as an important
sustainability concern. In this st e first evaluated the non-conforming expansion
of built-up land to zoRi ngzhou City, China from 2010 to 2020. Non-
conforming expansi K-up land accounted for 67.61% of the newly developed
built-up land a% e non-conformances mainly were edge expansion, via

conversing%arable land and forest to industrial/mining/transportation land. We

th ial autoregressive models to estimate five types of peer effects on non-
confogming built-up land expansion among local governments. The geographical,
political, economic, geographical-economic, and political-economic peer effects
significantly increased the expansion area of non-conforming built-up land at the
village level. Our findings improve our understanding, from the perspective of

inter-governmental interactions, of why the extent of built-up land often was

beyond the permitted limits of zoning regulations. Our research also has policy
1



implications and suggests constraining the peer effects of local government land-
use behaviors that violate zoning regulations. We recommend the establishment of
closer interdisciplinary collaborations between spatial planning and land-system

science to address non-conforming land-use changes.

Keywords: \

®
Built-up land zoning; conformance-based evaluation; interdepen N -use

Q%Qa
1. Introduction | &

Built-up land is one of the most hum d land-use types and has strong

change; spatial autoregressive model

sustainability implications (Acuto et Foley et al., 2005; Nagendra et al.,

2018; Xiao et al., 2022; W. Zh t al., "2022). Global built-up land has expanded
dramatically over rece de% I et al., 2022; Seto et al., 2011). This trend is
projected to continue f@ao ‘& 'O’Neill, 2020). The fast rate of this expansion is often
associated with % unts of built-up land expansion that does not conform to
zoning regul . While the non-conforming expansion of built-up land is prevalent
ac ohs (Abrantes et al., 2016; Alfasi et al., 2012; Hussain & Nadeem, 2021;
Kleemann et al., 2017; Long et al., 2020; Sharifi et al., 2014), an understanding of
why this non-conformance happens, persists, and spreads is still lacking yet urgently
needed. On the one hand, researchers in land-system science often fail to distinguish
between conforming and non-conforming built-up land when developing land-change

theories and models, due to a paucity of planning data (Tellman et al., 2020, 2021).

On the other hand, although spatial planning is struggling to govern built-up land
2



expansion in an sustainable way (Hersperger et al., 2019; Wende et al., 2020), studies
on plan evaluation have frequently indicated that a large proportion of built-up land
growth was non-conforming and suggested that it is a main cause of plan
ineffectiveness (Abrantes et al., 2016; Alfasi et al., 2012; Liu et al., 2020; Sharifi et al.,
2014; Sobhani et al., 2021). Thus, analysis of non-conformance between built-up land
expansion and zoning regulations can help land-system researchers better undw
the causes of land use changes and assist spatial planners in |mprovmg)l
containing built-up land expansion.

China has implemented a strict land-use planning syste @ 86 to restrict
rapid built-up land growth. Built-up land zoning (subs$ lled zoning) is the
core tool of land-use planning. Zoning allocates p entions for built-up land

into four zone types, i.e., developmen ones development-permitted-

conditionally zones, development-r , and development-forbidden zones.
Built-up land is only permi to develop within the first two zone types

(subsequently referred to co as development-permitted zones). In this study,

non-conforming built- xpansion refers to the expansion of built-up land

outside the dev ermitted zones (Figure 1). Land-use plans are legally
validated on ved, based on the Land Administrative Law in China. In this
respect, &mforming built-up land can be regarded as illegal land use. However,
the @xtent of built-up land occurring outside the development-permitted zones often
exceeds the area of expansion inside the development-permitted zones (Liu et al.,
2020; Shao et al., 2018; Shen et al., 2019; L.-G. Wang et al., 2014; Zhong et al., 2014).

The ineffectiveness of zoning in containing non-conforming built-up land expansion

seems to be rooted, at least partly, in competition among local governments.



Local governments are commonly regarded as playing a formal role in land-use
changes (Blrgi et al., 2022). However, one interesting phenomenon is that local
governments, originally in charge of making spatial plans and implementing them,
frequently contribute to non-conforming expansion of built-up land (Alfasi et al.,
2012; Menzori et al., 2021; Sharifi et al., 2014; Sundaresan, 2019; Tellman et al.,
2021). Research from China has shown that local governments use permissiofi for

non-conforming built-up land expansion as an effective tool to fest cal

economy and increase municipal revenue, which in turn can posi the

political career of local officers (Cai et al., 2013; Z. Chen e a@
2015; Z. Huang & Du, 2017; Shen et al., 2019; Ta%hom) Further, the
behavior of local governments in developing the n ance may depend on the

020) Such interdependencies

; Feng et al.,

behavior of other local governments (J.

create peer effects, i.e., local gove t consider other local governments’

non-conforming built-up land nsion Jin their own land-use activities. Different
inter-governmental relatlon lead to different peer effects facilitating non-
conforming expansion Iand in China.
(I) Geograph effect: a local government’s behavior of developing non-
conformmg and is influenced by the behavior of geographically adjacent
nts Numerous studies have demonstrated that geographical proximity
has \@n “influence on a local government’s land-use decisions and behaviors
(Christafore & Leguizamon, 2015; Gomez-Antonio et al., 2016; Z. Huang & Du, 2017;
Schone et al., 2013; J. Wang et al., 2020). On the one hand, local governments can
easily observe what happens in geographically adjacent governments (Schone et al.,

2013). On the other hand, the development conditions of geographically adjacent local

governments are relatively similar. Consequently, geographically adjacent local

4



governments often adopt similar land-use decisions and behaviors.

(I) Political peer effect: a local governments behavior of developing non-
conforming built-up land is influenced by the behavior of other local governments
within the same political jurisdiction. Confinement within a political jurisdiction is a
vital channel for influencing a local government’s decisions and behaviors (Atella et

al., 2014; Cassette et al., 2012; Yu et al., 2016). In China, superior governmen
exclusive control over a local government official’s promotion, and ovgt

political support that are crucial to local developments (Z. Hua

Specifically, to outperform other local governments WI s me political

jurisdiction, local governments may be more sensitive nformlng built-up

land expansion of their political peers and less 3@ the behaviors of local

conforming built-up land is in ced by“the behavior of other local governments

governments in different political jurisdicti

with similar levels of econo

local governments is fi
close rivals (Yu 6). Because non-conforming built-up land expansion can
generate a g&ginal economic return compared with conforming expansion (Z.
C et 015), local governments are interested in whether and how their
eco i¢ peers employ non-conforming built-up land expansion to advance economic
development, even when they are not geographically adjacent and/or in different
political jurisdictions.

(IV) Geographical-economic peer effect and (V) political-economic peer effect: a
local government'’s behavior of developing non-conforming built-up land is more

likely to be influenced by geographical peers with similar economic levels and by

5



political peers with similar economic levels. Considering the intense economic
competition among local governments in China, we expected that economic
competition would enhance geographical and political peer effects. That is, the
geographical-economic and political-economic peer effects in promoting non-

conforming built-up land expansion would be greater than the geographical and

political peer effects, respectively. \

The first objective of this study is to answer what are the characUi:Qon-
conforming built-up land expansion. To this aim, we used three ana cmas 7 (1)
we performed a conformance-based evaluation to calculate e% t of built-up

land occurring inside and outside the development-perm$ in Zhangzhou City
t

from 2010 to 2020; (2) we analyzed land-use cha regions where the non-

n% ee expansion types of the non-

nd’outlying. The second objective is to

conforming built-up land occurred; (3) wi

conforming built-up land, i.e., infil
answer do peer effects among 10 overnments facilitate non-conforming expansion
of built-up land. We employg autoregressive model to estimate the effects of

five types of peer nships (i.e., the geographical, political, economic,

geographical-eco% d political-economic peer effects) on non-conforming

expansion ol%

2. rea and data sources

land expansion.

2.1 Study area

We selected Zhangzhou City as our study area because it has already been
established that large amounts of newly developed built-up land were located outside
the development-permitted zones from 2010 to 2020 (Z. He et al., 2022). Zhangzhou

City is a prefecture-level city in Fujian Province in southeastern China (Figure 1). It



includes 11 counties. These counties are further divided into 161 townships and
finally into 1,662 village-level administrative units (subsequently called villages). We
chose the villages as research units. As the lowest unit in China’s top-down
administrative hierarchy (nation — province — prefectural city — county — township —
village), villages are legalized grassroots self-governance units that elect a village
committee as their leader in China. The Article 8 in the Organic Law of the
Committees of the People's Republic of China states that village comn.tt

accordance with the law, manage collective land and other coIIe

practice, the township level governments ultimately must the village
committees to implement most governance tasks, such a oprlatlon building
demolition, and farmland protection (D. Huang e . The villages serve as
nerve endings of China’s administrati % reflecting the most realistic

effectiveness of spatial planning in |

The growth of the city’s e y was exponential in recent decades, with gross
domestic product (GDP) inc 1.17 billion in 1980 to 454.56 billion RMB in
2020. Such economic nt resulted in a significant expansion of built-up land
into arable land . The area of built-up land expanded from 442.39 km? to
1000.84 km @5 to 2020. Meanwhile, arable land decreased from 2883.50 km?

48 2 and forest decreased from 6802.45 km?to 6492.81 km? (Z. He et al.,

The significant land-use changes from arable land and forest to built-up land

were associated with environmental problems, such as water pollution and degraded
ecosystem services (H. Chen et al., 2020; J. Huang et al., 2015). To mitigate the
negative impacts of rapid built-up land expansion, local governments have

implemented the land-use plan (2010-2020). However, a plan evaluation shows that

most of newly developed built-up land happened outside the development-permitted

7



zones from 2010 to 2020 (Z. He et al., 2022). Thus, we considered that Zhangzhou

City is excellent study area to investigate our research questions.

Asia
N

China IS
¢ B 0 15 30 km

.
Fujian Province ~, i
y N

, % City center
7 A - @ County centers

Built-up land in 2010

o A B
\ .
z ¢
% , P %3'::' ' County borders ‘
Vo 8 T [ Development-permitted zones
¢ ﬁ = Built-up land expansion
< S between 2010 and 2020

I Non-conforming
B Conforrming

Figure 1. Map of the Zhangzhou City study area showing conforming and non-

conforming expansion of built-up land between 2010 and 2020
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2.2 Data sources

We obtained the land-use plan (2010-2020), the administrative borders of villages,
and the raster data of elevation (resolution 30 x 30 m) from the planning authority in
Zhangzhou City. We collected vector data on rivers, city center, county centers and

road networks from National Catalogue Service for Geographical Information

(https://www.webmap.cn/commres.do?method=result25W). The land-use data%lo
and 2020) and the raster data for GDP in 2010 (resolution 1 x 1 km) wese by
of

the Data Center for Resources and Environmental Sciences, Chin@je
f

Sciences (http://www.resdc.cn). The land-use data had a vect at and were

manually interpreted from Landsat TM and 8 images W d-use types: arable
rth

land, forest, grassland, water, built-up land, and ba@

ermore, built-up land

was  divided into urban built rural settlements, and

industrial/mining/transportation lan et al., 2018). Urban built-up land

mainly referred to urban land sidence; commerce, public infrastructure, storage
in the centers of cities, cour@ townships. Rural settlements referred to stand-

Q)

ation land referred to factories, mines, large industrial areas,

alone land for housin eds, and other necessary infrastructures in rural areas.

Industrial/minin

transportatio

2C§ ( ion 1 x 1 km) were provided by China Science Data
(htt )'C ata.org/en/p/420/).

3. Methods

il fields, saltworks, quarries. The raster data for the population in

3.1 Conformance-based evaluation
We used a conformance-based evaluation to investigate the extent to which

zoning contained built-up land expansion in Zhangzhou City between 2010 and 2020.


https://www.webmap.cn/commres.do?method=result25W
http://www.resdc.cn/
http://csdata.org/en/p/420/

First, we built a layer of newly developed built-up land between 2010 and 2020, using
an Erase tool in ArcGIS 10.6. We chose the years 2010 and 2020 because the land-use
plan in Zhangzhou City was approved in 2010 and came to an end in 2020. We then
intersected the newly developed built-up land layer with zoning, using an Intersect
tool in ArcGIS 10.6, to identify built-up land expansion that did not conform to the
development-permitted zones (i.e., non-conforming built-up land expansion). \

Next, we analyzed land-use changes in the regions where the nen- ing
built-up land occurred. We intersected the non-conforming layer ;@ and-<use

t

layer in 2010 to calculate how much arable land, forest, gr er, and bare

land was converted to the three non-conforming built-up @ , 1.e., urban built-up
land, rural settlements, and industrial/mining/trans

Lastly, we identified three expansion on conforming built-up land,

i.e., infill, edge, and outlying. We (R) of the length of the common

boundary shared by a non-co ing brilt-up land developed between 2010 and
2020 and the existing bUI in 2010 (L.) to the perimeter of the non-
conforming built-up | o |dent|fy expansion types (Sun et al., 2013; Wilson et

al., 2003; Xu et % he ratio was formulated as follows:

1)
w e Value of R ranged from O to 1. Infill expansion had an R value > 0.5,
indicating that the non-conforming built-up land was surrounded by at least 50%
existing built-up land (Figure 2a). Edge expansion has 0 < R < 0.5, indicating that the
non-conforming built-up land is surrounded by < 50% existing built-up land (Figure
2b). With outlying expansion R = 0, i.e., the non-conforming built-up land is isolated

from the existing built-up land (Figure 2c).

10



[ Development-permitted zones
| Built-up land in 2010

Expansion types of the non-conforming
built-up land between 2010 and 2020

B Infill expansion
| Edge expansion
Il Outlying expansion

-

Figure 2. Examples of ir&e@g and outlying expansion of non-conforming built-up

land
3.2 Spatial %ssi e models to investigate peer effects

We %a spatial autoregressive (SAR) model that included a spatially lagged
dependent” variable to estimate the peer effects on non-conforming built-up land
expansion among 1,662 villages (LeSage & Pace, 2009). The SAR model was
specified as:

NC_Builtup; = a + pW * NC_Builtup; + pX; + ¢ @)

11



where the dependent variable (NC_Builtup;) is the non-conforming built-up land
developed between 2010 and 2020, expressed as a percentage of the total land area in
the village i. W = NC_Builtup; is the spatially lagged dependent variable. W is a
spatial weight matrix. It has zero diagonal elements (w;;) and off-diagonal elements

(w;;). w;; represents the peer relationship between village i and village j.

We defined the five peer relationships: (1) W%¢° represented the geogrwl

peer relationship, where wg-eo equaled 1 if village j was one of’@rest
(Fig

neighbors of village i based on actual road network distance, othe igure 3a);

(2) WPl represented the political peer relationship, where L ed 1 if villages

i and j were located in the same county, otherwi qure 3b); (3) wEeon

represented the economic peer relationship, withew”® 1/(|PGDP; — PGDP;| + 1),

where PGDP was the GDP per capita i e 3c); (4) WEEcom represented the

geographical-economic peer relationship combining W% and WEc™ = where

wiEem = 1/(|PGDP; — PGDP; if village j was one of the 10-nearest neighbors

of village i based on & d network distance, otherwise 0 (Figure 3d); (5)

WPEcon represen olitical-economic peer relationship combining W% and

WEcon’ Whe%
inythe sa&y

unty, otherwise 0 (Figure 3e). All spatial weight matrices were row

="1/(|PGDP; — PGDP;| + 1) if villages i and j were located

normélizéd to make each row sum to one. p was the spatial autoregressive coefficient
of interest; it represented the effect of the different peer relationships on the village’s
non-conforming expansion of built-up land. @ was the intercept, X; were control
variables, g was the influence of the control variables on non-conforming expansion

of built-up land, and &; was the disturbance term. To overcome heteroskedasticity, we

12



used a generalized spatial two-stage least squares estimator to estimate the SAR

model (Drukker et al., 2013).

a. Weee
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Figure 3. lllustrations of &red peer relationships: (a) geographical, (b)
political, (c) economi graphical-economic, and (e) political-economic.
While resea causes why built-up land often did not conform to zoning is
scarce, ive literature on spatial patterns and drivers of built-up land
gelped us to specify our models. Furthermore, our models helped us to
gain\insight on whether the same factors driving built-up land expansion also
contributed to non-conforming expansion of built-up land. The following control
variables were included in the SAR model: (1) Built-up land is significantly affected
by rivers and coastlines (le Berre et al., 2016; G. Tian & Wu, 2015). We measured the
Euclidean distance from village i to the nearest river (Dis2water;) and to the nearest

coastline ( Dis2coast;). (2) Urban accessibility drives built-up land expansion
13



(Kasraian et al., 2019; Yin et al., 2018). We used the closest road network distance
from village i to the city center (Dis2city;) and to its county center (Dis2county;).
(3) Mountainous and hilly terrain increases construction costs and restricts built-up
land expansion (Onsted & Chowdhury, 2014; Zhong et al., 2011). We measured the
average elevation and relief in village i (Elevation; and Relief;). (4) Built-up land
tends to stretch along roads (Poelmans & van Rompaey, 2010; G. Tian & WU,Q.
We measured the Euclidean distance from village i to the nearest roath BQ@’
considering expressways, national highways, and provincial roads. Q&I dis
a main source of built-up land expansion (Abrantes et al., 2016 &nberg & Ding,
2008). Meanwhile, considering the constraints of mou@

measured the percentage of arable land, forest, gra@lope < 5 degree) out of the

-,%noi, and Grass10,). (6) Built-

lous tendency, i.e., path dependence

nd hilly terrain, we

total land area in village i in 2010 (Arab
up land development is influenced b
(Colsaet et al., 2018). We meas the percentage of built-up land out of the total
land area in village i in 201 p10;). (7) Economic development promotes the
need for built-up lan t al., 2018; Y. Zhou et al., 2017). We used GDP per
capita in 2010 t@ t economic development in village i (PGDP10;). Because
census d %)P per capita at the village level are inaccessible in China, we used
ra at extract GDP and total population at the village level. (8) Abundant
develgpment-permitted zones can restrict non-conforming expansion of built-up land
(Gennaio et al., 2009). We measured the percentage of land located inside the
development-permitted zones out of the total land area in village i (DPZ;). We
summarize these statistical descriptions in Table 1.

Table 1. Statistical descriptions of the variables used in the spatial autoregressive

models
14



Variables Descriptions

Obs. Unit Mean Min Max S.D.

Dependent variable

NC Builtup Percentage of non-
conforming  built-up
land developed
between 2010 and
2020 out of the total
land area

Control variables

Dis2water  Euclidean distance
from village to the
nearest river

Dis2coast Euclidean distance
from village to the
nearest coastline

Dis2city Closest road network
distance from village
to the city center

Dis2county  Closest road network
distance from village
to its county center

Elevation Average elevation in
village

Relief Average relie in
village

Dis2road Euclidean di

from villa @
nearest ro
Arablel10 arable

Forestl(g centage of forest

(slope < 5 degree) out
of the total land area in
2010

Grassl10 Percentage of
grassland (slope < 5
degree) out of the total
land area in 2010

Builtup10 Percentage of built-up
land out of the total
land area in 2010

307 % 6.08 001 5692 9.82

307 km 9.08 0.12 % 8.08
o

307 km 18.40 O 99  18.77

307 km %gz.w 14479 38.72
307 Q 2097 1.09 692 14.25
bk

3 m 0.08 0 0.72 0.13

JA / 8.73 086 30.66 6.56
307 km 0.27 0 321 0.29
307 % 26.75 0 95.81 21.54
307 % 1259 O 88.89 14.95
307 % 3.37 0 37.22 5.29
307 % 1524 0 74.04 15.53
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PGDP10 GDP per capita in 307 10, 000 389 023 26.72 388
2010 RMB/person

DPz Percentage of land 307 % 1349 O 9482 21.72
located inside the
development-permitted
zones out of the total
land area

4. Results ®
4.1 Characteristics of non-conforming built-up land expansio

4.1.1 Sources and uses of non-conforming built-up land e
In Zhangzhou City, the newly developed built-u between 2010 and
2020 covered 144.75 km?, with non-conforming e&of built-up land accounted

for 67.61% (97.87 km?). There was 3 f non-built-up land inside the

development-permitted zones in 20 development-permitted zones would

have been sufficient to contain t tire expansion of built-up land between 2010 and

2020. Figure 4 shows‘ h(@ non-built-up land was converted into non-

conforming urban bui , rural settlements, and industrial/mining/transportation

land during the ied"period. Arable land and forest were the main sources of non-

conformig %Jp land expansion. They contributed 53.61 km? and 21.67 km? of

no f g expansion of built-up land, respectively. The non-conforming built-
up land was mainly used as industrial/mining/transportation land (71.27km?) and rural

settlements (16.91 km?).
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(53.61 km?)
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(21.67 km?)

Grassland

(13.75 km?) 12.89 km?

Industrial/mining/

s transportation land

Water (71.27 km?)
(8.31 km?) 7.64 km?
B land 0.09 km?
are lan "
(0.53 km?) 0.44 km'
-y
Figure 4. Land-use changes from arable | f%!ssland, water, and bare land to
non-conforming urban buil ; rural settlements, and

industrial/mining/transportatio gzhou City between 2010 and 2020

4.1.2 Expansion types of th forming built-up land

Edge expansion w. he“"dominant type of non-conforming built-up land
expansion (Figuree): counted for 94.23% (9.14 km?), 89.83% (15.19 km?), and
77.32% (55.% the non-conforming urban built-up land, rural settlements, and
in stria&ng/transportation land expansion, respectively. The non-conforming
industrial/mining/transportation land had more outlying expansion than the other two

non-conforming built-up land uses. Only a small percentage of the non-conforming

expansion was infill expansion.
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Figure 5. Areas of the infill, edge, an

conforming urban built-up land, rural settl
land in Zhangzhou City between 2010 a
4.1.3 Spatial patterns of villag conforming built-up land expansion

The spatial distribu&@ villages’ non-conforming built-up land expansion
followed some obvi tterns (Figure 6). First, the non-conforming built-up land
mainly occur % ges at the periphery of the city center, where development
pressure i d the development-permitted zones are finitely allocated. Second,
althmghythe area of the newly developed non-conforming built-up land accounted
for 67.61% of the total built-up land expansion, it was concentrated in only 307
villages out of 1,662. Third, the 307 villages were not isolated from each other
spatially. We used Moran’s index to examine whether the percentages of non-

conforming built-up land expansion were spatially dependent at the village level.

Moran’s index was 0.27 and significant at the 1% level, indicating that non-
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conforming built-up land expansion was spatially autocorrelated among the 307

villages.

SO el
e VA %  City center

pave

@ Villages without s

L non-conforming

W built-up land

X ’ expansion
SR The pereentage of ¥ &R
GP oY non-‘c)onformi’ilg built-up A i { 'l’he_ area of non-conforming
land expansion (%) o built-up land expansion (km?)
[ ]0.01-250 [ 0.01-0.10
2.51-10.00 0.11-0.25

[ 10.01 —20.00 [ 0.26-0.50
B 20.01 - 30.00 051 -1.50
I 30.01-56.92 Bl 51260

Figure 6. The percen Ydarea (b) of non-conforming built-up land expansion
in 307 villages i %u City between 2010 and 2020
42 R L% the SAR

4. er ance of the models

P;eudo R? values ranged from 0.160 to 0.194 (Table 2). Large unexplained
variation in the villages’ non-conforming expansion of built-up land was expected,
as non-conforming built-up land expansion can be sensitive to local-scale land-use
activities and the sudden appearance of land development opportunities (Padeiro,

2016). The high degree of randomness and uncertainty might be explained by omitted

variables we could not include in our models, such as villagers’ livelihoods or their
19



attitudes toward zoning regulations. Despite these limitations, we were able to
estimate peer effects and other factors facilitating non-conforming expansion of built-
up land at the village level.

4.2.2 Peer effects on villages’ non-conforming built-up land expansion

p values were significant at the 10% level for all five peer relationships,
meaning that the peer effects were indispensable in explaining non-conffgrming

-
expansion of built-up land at the village level. The p values indicated that a ?iven

a
village’s non-conforming built-up land area increased by 3.9%, 6.2%, and 22.5% if

| | y N

its geographical peers, political peers, and economic peers weased in non-
conforming built-up land area by 10%. Regarding co ar relationships, we
found that economic competition enhanced the geo@ and political peer effects.

. A
The p value of the geographical-economic (0.47) and the political-economic peer

~ a9
relationships (0.71) were higher than tho&of_ the geographical (0.39) and political
peer relationships (0.62).
4.2.3 Other drivers of villa onforming built-up land expansion
While the statistical stgmificances of some control variables varied in our models,
positiveness and @ f their coefficients were relatively stable. We presented the

empirical mw

significa the 10% level in the five SAR models. Dis2county had positive

f the control variables whose statistical significances all were

coefficients, indicating that the non-conformance was less likely to occur in the
villages that are closer to the county centers. One reason for this finding could be that
development pressure is concentrated around the city center, rather than the county
centers in Zhangzhou City. The coefficients of Elevation were negative, indicating
that the villages at lower elevations had more non-conforming expansion of built-up

land. The positive coefficients of Arable10; and Grass10; suggest that the villages
20



with more available arable land and grassland in 2010 had more non-conforming
built-up land expansion between 2010 and 2020. DPZ had negative coefficients,

indicating that the villages with less land allocated to the development-permitted

zones developed more non-conforming built-up land.

Table 2. Results of the spatial autoregressive models

Geographical ~ Political ~ Economic  Geographical  Political
economic €60ROMIC
p 0.39** 0.62*** 2.25* 0.47** 0, 71%**
(0.17) (0.18) (1.34) (0.16) (Q520)
Dis2water 0.083 0.14* 0.065 0.092 0.15*
(0.075) (0.081) (0.084) (0.976) (0.079)
Dis2coast 0.041 0.045 0.042 0.04% 0.049
(0.039) (0.041) (0.042) (0:039) (0.042)
Dis2city -0.023 -0.023 -0.036** ~0.018 -0.019
(0.017) (0.016) (0.017) (0.016) (0.017)
Dis2county 0.14%** 0.15%** 0.19%%% 0.12** 0.13**
(0.053) (0.054) (0.058) (0.053) (0.053)
Elevation -16.0*** -21.9*** \ 210 ** -13.6** -20.2%**
(5.97) (6.43) (5.76) (6.12) (6.00)
Relief 0.18 0.22 0.26* 0.15 0.24
(0.15) (0.15) (0.15) (0.15) (0.15)
Dis2road 2.36** 221* 1.98 2.26* 2.20*
(1.18) (1.23) (1.27) (1.19) (1.24)
Arablel0 0.14%%* 0.14*** 0.15*** 0.14*** 0.15***
(0.044) (0.044) (0.043) (0.044) (0.044)
Forest10 0.074 0.081* 0.090* 0.075 0.082*
(0.048) (0.048) (0.049) (0.049) (0.049)
Grass10 0.36™% 0.35** 0.37** 0.37** 0.36**
(0.16) (0.16) (0.16) (0.15) (0.16)
Builtupd0 0.086 0.083 0.087* 0.083 0.087
(0.053) (0.052) (0.052) (0.052) (0.054)
PGPPRI0 -0.21* -0.21* -0.066 -0.15 -0.15
(0.12) (0.12) (0.15) (0.12) (0.11)
DPZ -0.061*** -0.057**  -0.055** -0.064***  -0.061***
(0.023) (0.023) (0.023) (0.024) (0.023)
Pseudo R? 0.194 0.177 0.177 0.190 0.160
Obs. 307 307 307 307 307

Note: Standard errors are given in parentheses; * p<0.10, ** p<0.05, *** p<0.01



5. Discussion

5.1 Concerns about non-conforming built-up land expansion

The large amount of non-conforming built-up land expansion in 307 of the 1,662
villages of Zhangzhou City between 2010 and 2020 raises serious concerns. The
percentage (67.61%) of newly developed built-up land that did not conform to zoning
was higher than in most previous studies. For example, < 30% of the total dev&ed
land was found to occur outside building zones in Switzerland (Genndi® 09).
In studies in developing countries (e.g., China, Brazil, Pakistam&Ethiopia),” non-

conformance rates of 50-60% were often reported (Bulti &% 17; Hussain &

Nadeem, 2021; Liu et al., 2020; Menzori et al., 2021;@

Wang et al., 2014). These findings suggest that the@wformance of built-up land

%ater development pressure, as

d Loh (2011). In our study, the

Shen, 2011; L.-G.

expansion to zoning regulations increa
discussed by Brody & Highfiel
concentration of all non-confor e in 307 of the 1,662 villages means that only a
few villages were aﬁec§d, to a high degree. One reason for this pattern
could be that the{ﬂanninvg authority in Zhangzhou City underestimated the
development pressure in these villages.

The r%orming built-up land expanded at the expense of arable land and
forest.in mzhou City. This finding is in line with previous studies in Israel, Spain,
and China (Alfasi et al., 2012; Padeiro, 2016; Shen et al., 2019). This pattern may
threaten food security, biodiversity, and landscape quality.
Industrial/mining/transportation land accounted for 72.82% of the newly developed
non-conforming built-up land. Likewise, Shen et al. (2019) found that manufacturing

land accounted for 48% of the non-conforming urban land in Baiyun County in

southwestern China. In contrast, residential land development was found to be the
22



main type of non-conforming built-up land expansion in Ethiopia and Brazil (Bulti &
Sori, 2017; Menzori et al., 2021). The prominence of non-conforming
industry/mining/transportation development is closely associated with the land supply
strategies of local governments in China. That is, under a government-led land
market, local governments supply a limited amount of residential and commercial
land to developers, in order to increase land-leasing fees, but lease out ab@t

industrial land at low prices to attract manufacturing investment (Shenet

Wang et al., 2018; Xiong & Tan, 2018). The imbalance land sup %g

enhanced at the village level, because land-leasing fees are zed by local
governments of the township and above. The villages ar e~likely to use the non-
conforming built-up land to develop township andguillage enterprises in Zhangzhou

City (Q. Guo et al.,, 2022). The town

@ ge enterprises are small-size

manufacturers which mainly are ow collectives or individual villager. It

is main form of rural industri tion and significantly contributes to economic
growth in rural China (Fu amanyam, 2003). However, the extensive non-
conforming develop mustry/mining/transportation land may lead to an
overheated econ s production capacity, and inefficient land use.

Our fin&@gdge expansion was the dominant type of non-conforming built-
upyland gsion is inconsistent with some previous research suggesting that non-
confegfming expansion of built-up land occurs in a fragmented way (Abrantes et al.,
2016; Yue et al., 2013). Our results suggest that, while non-conforming built-up land

does continue to spread outward, it mostly contributes to reducing landscape

fragmentation and improving urban agglomeration.
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5.2 Positive peer effects on villages’ non-conforming built-up land expansion

A disparity between established zoning regulations and built-up land expansion is
prevalent across countries, however, the drivers of such non-conformance have only
been empirically investigated in a few studies (Alterman & Hill, 1978; Brody et al.,
2006; Padeiro, 2016). Furthermore, few attempts have been made to analyze the

spatial interdependencies of local governments’ land-use behaviors of vi%ng
established zoning regulations. So far, research has only confirmed that Qcal
contiguity matters in non-conforming expansion of built-up land @2 the
prefecture-level cities in China (J. Wang et al., 2020). In o%@

positive peer effects driving villages to violate zoning r i

e found five
in Zhangzhou City
between 2010 and 2020. That is, a given village’s rming built-up land area

ap% ers, political peers, economic

olitical-economic peers expanded their

increased to varying degrees as their g

peers, geographical-economic peer.
non-conforming built-up land a

An interesting finding im conomic peer effect enhanced the geographical
and political peer effects, @s, the geographical-economic and the political-economic
peer effect were higher than the geographical and political peer effect, respectively.

-

This finding indicates that the primary motivation for villages to violate zoning
N

regulations_is to compete more effectively for economic growth. This fits with the

common view that China’s local governments, which compete fiercely for

economic growth, loosen established regulatory rules (e.g., lower environmental

standards, lenient land development permissions, lower industrial land prices) to

attract investment, essentially leading a “race to the bottom” (Z. Huang & Du, 2017,

Peng, 2020; B. Wang et al., 2020). This finding is original since little attention is

given to the village-level governmental (the lowest level in China’s top-down
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administrative hierarchy) race to the bottom in zoning regulation.

Institutional background determines the village-level governmental race to the
bottom in zoning regulation. While the village committees can be considered a
superior governmental agent, their authority relies considerably on the support of
local villagers. The villagers’ support often depends heavily on how many

development opportunities the village committee can secure for the village (Xw,

2009). In this case, villagers and villager committees make compagisor

geographical, political, and economic peer. And economic perfo@é

ea
(®
vital benchmark when comparing. This argument is reinforced by the fact that most
o
non-conforming built-up land in Zhangzhou City has been converted to
A

industrial/mining/transportation land, which is hig%grofitable and allows local
Ve A
governments to increase their revenues and %nployment and thus boost their
economy (C. He et al., 2014).
5.3 Policy Implications
Non-conforming expan ofbdilt-up land is the main contributor to rapid built-
up land expansion &e, which leads to a series of environmental issues.
Moreover, non- 0 ce is often associated with land-related crimes (e.g.,
corruption a@egal land transactions), not only undermining the credibility of
spatial plaaming but also triggering social conflicts. Based on our findings, we have
developed some suggestions for policies to effectively restrict non-conforming
expansion of built-up land in China. First, industrial/mining/transportation land was
the main form of non-conforming built-up land expansion in Zhangzhou City. The
government’s supply of industrial/mining/transportation land therefore should be

strictly controlled. Simultaneously, the permission process for developing

industrial/mining/transportation land should be strengthened by conducting
25



comprehensive feasibility evaluations and strict environmental assessments. In
addition, local governments in China should be required to optimize their industrial
structure, including moving from extensive to intensive industrial activities and
converting underused industrial land into residential land, commercial land, and green
spaces.

Non-conforming built-up land expansion cannot be restricted by%l
governments in China because local governments do not make land-use sin
isolation. Intervention from the central government and cooperati e cal
governments are indispensable to restrict peer effects on a 1 a%emment’s non-
conforming built-up land expansion. One the one hand, t %government should
continue its reform of the evaluation indices used.d 1 officials’ promotions, for

example by highlighting the costs of ance and incentivizing local

governments to provide more publi protect the environment (Zuo, 2015).

Tang et al. (2021) found that type of reform can significantly restrict the land

violations of local govern the other hand, local governments should
strengthen cooperati elop regional resolutions. Within regions, local
governments ca Qle, specialize in different functions and trade built-up land
quotas with r@s

The ging system in China should be improved in several respects. (1)
Currently, planning authorities in this country have a high degree of discretionary
power. For example, they can legally authorize non-conforming activities on the
grounds of public interest, and they often do so, so that the political leaders can pursue
specific political (and private) interests rather than serving the common good (Shen et

al., 2019; M. Wang et al., 2017). The position of the planning authorities should be

strengthened to emphasize technical, rational aspects, whereas the use of discretionary
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power should be minimized. (2) Low levels of transparency are common, for example
due to the absence of public participation in the plan-making process and a lack of
disclosure of information in the plan-implementation process (Zhu & Tang, 2018).
The planning system should be improved by guaranteeing public participation both in
the plan-making and in the plan-implementation process. Public participation is an
effective tool to minimize power inequalities between local people and gover ents
and to obtain more consensus (Hartmann, 2012). It enables and motlva.s

to supervise plan implementation. (3) The planning authorities need eal-
time and highly accurate monitoring system to track Ian ge and plan-

implementation. As part of this, the Land Supervision $ t is responsible for
b

investigating, auditing, and correcting land violati e strictly implemented.

i % land expansion is punished

eir non-conforming built-up land

When a local government’s non-confor

promptly, its peers will most lik
expansion immediately. Som dies e indicated that the Land Supervision

System significantly suppre% land use (S. Chen et al., 2021; Z. Chen et al.,

2015).
6. Conclusi

Spa ng is an essential policy tool for controlling built-up land expansion.
Ho on-conforming expansion of built-up land often exceeds conforming

exparnsion, especially in developing countries. In this study, we evaluated the non-
conformance of newly developed built-up land with zoning in Zhangzhou City, China,
between 2010 and 2020 and estimated the peer effects on the non-conforming built-up
land expansion of 1,662 villages. We found more non-conforming newly developed

built-up land (67.61%) than conforming developments (32.39%). The spatial
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autoregressive models showed that the peer effects (geographical, political, economic,
geographical-economic, and political-economic) were significant factors facilitating
the non-conforming expansion of built-up land at the village level.

This study has several limitations. First, the low explanatory power of our spatial
autoregressive models can partly be explained by the degree of uncertainty and

randomness of built-up land expansion that we were not able to include in the @.

The inclusion of additional variables, such as villagers’ land-use decisi ing

characteristics, might improve the model performance. Second, v@
effects with a statistical model. The mechanisms by which pee:le%i f

luence local
governments’ behaviors of developing non-conform@ p land were not
explored in this study. Future research should aim @ these mechanisms with

i F%Wd the peer effects. Third, peer

es of non-conforming built-up land

village-level data on the contextual inter

effects may play different roles in t

expansion, considering the diff d benefits from the different types of non-

conforming built-up land e urther research could build on and refine our
method, for example g the non-conforming built-up land into residential
and industrial la

Non-co muilt-up land expansion is often associate with illegal land grabs,
in mal@ments, and land-use zoning amendments. These processes remain
largely unexplored but have profound impacts on sustainable development. In future,
we need to further investigate how the disparity between spatial planning and actual
land-use changes shapes landscapes. This will require close interdisciplinary

collaborations between spatial planning and land-system science, as well as spatially

explicit models that can address non-conforming land-use behaviors.
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