ANALYSING THE EXTREME ENVIRONMENTAL EVENTS IN
THE NEPAL HIMALAYAS AND ENVIRONMENTAL ATTITUDE
OF THE DOWNSTREAMCHILDREN

Thesis

to attain the title of
Doctor of Educational Sciences (Dr. paed.)

from

the Faculty of NaturabBciences Il

Agricultural and Nutrition Sciences,
Earth Sciences and Computer Science

of Martin Luther University HalleNittenberg

submittedby
Mr Regmi Shakil

born on 07.03.1991 in Kathmandu, Nepal



Dissertation submitted by:

Mr Shakil Regmi

Masters of Education in Environmental Education and Sustainable Development, Kathmandu
University, Nepal, 2016

Bachelors of Engineering in Environmental Engineering, Mikkeli University of Applied Sciences,
Finland, 2013

Dissertation supervised by:

Professor Dr Martin Lindner

Didactics of Geography and Biology
Faculty of Natural Sciences lll and |
Martin Luther University HalleWittenberg
Halle (Saale), Germany

Professor Dr Bodo Bookhagen

Institute of Geosciences
University of Potsdam
Potsdam, Germany

Associate Professor Dr Bed Mani Dahal

Department of Environmental Science and Engineering
Kathmandu University
Dhulikhel, Nepal



Dissertation reviewed by(Gutachter):

Professor Dr Martin Lindner

Didactics of Geography and Biology
Faculty of Natural Sciences lll and |
Martin Luther University HalleWittenberg
Halle (Saale), Germany

Professor Dr Heinz Beckedahl

Department of Geography, Environmental Science and Planning
University of Eswatini
Kwaluseni, Eswatini (Swaziland)

Date of Defense 09/07/2020(9" July 2020)



Acknowledgement

Interest and willingness to seek on nature led to environmental engineering for my bachelors.
Need to connect technology in the social spheretéecdducation for environment and
sustainable development for my masters. The existence of both these aspects as a whole led to
this research which tries to bridge the natural and social sphere of the human dimension.

This attempt to bridge natural scienaad social science started in 2016, with an emalil
conversation with Prof Dr Martin Lindner from Martin Luther University HAN@tenberg.

This event proved to be a key poi"ofdulyr0as my
I met Prof. Lindnermy tobe doktorvater or supervisor, for the first time in Halle (Saale) central

bus stop. We discussed research questions and direction, funding possibilities, and the start of
the research work at 7: 00 o06cl okeukderhimlfirem , I
June 2016, when | shared a room in his flat. This was another exciting start, and to my advantage,
| did not need an appointment to discuss any matters with my supervisor. 2016 was an exciting
year when | started my research work, led>auesion team of experts, students, and colleagues
from Martin Luther University Hall&Vittenberg to Nepal, and started a collaboration with Prof

Dr Bodo Bookhagen, from University of Potsdam, in this research. Prof Bookhagen then
became my second supensisThe expertise of Prof Lindner on social and educational issues
and expertise of Prof Bookhagen on the natural science issues which | was dealing with in this
research then became my support system on this research project. Only through their support
and guidance, | have been able to come up until here. Thus, | would like to devote a big chunk
of my acknowledgement with gratitude and thank you to both of my supervisors for their input,
guidance, moral support, and unconditional support.

In addition, | wat to devote another big chunk of gratitude to Associate Prof Dr Bed Mani
Dahal from Kathmandu University of Nepal. He has been my mentor in scientific development
since my bachelor thesis days. | want to thank him for playing a huge role in this research
project as my local supervisor and advisor.

Moreover, | want to express gratitude again to Prof Bookhagen and his department for the
financial support to obtain data from the Department of Hydrology and Meteorology of Nepal.
Again, | want to thank him anérof Lindner for supporting me financially and morally in the
early days of this research work before | secured any funding. Later, in 2017, | received funding
from the Graduate Funding Commission of Martin Luther University H&lkkenberg under

the Gradiate Promotion Act of the state of Saxelyhalt. For accepting me as a doctoral
student and providing me this funding | want to express my sincere gratitude to Martin Luther
University HalleWittenberg, members of commission, state of Sax®nlyalt, ProfLindner

for supporting me in this funding application process, and finally a huge thank you to Mrs
Sabine Eiser who has been supporting me in this funding programme since application period




till today. Likewise, | want to thank the international officeMidrtin Luther University Halle
Wittenberg and especially Mrs Esther Smykalla, for supporting me financially during my
arrival time and for other travel purposes. Not only for financial supgut | want to thank

Mrs Smykalla and the international offifar other logistic matters too.

| want to thank the Department of Hydrology and Meteorology of Nepal for providing me with
the precipitation and river runoff data. Dr Santosh Nepal, from ICIMOD, for helping me to
formulate the initial research ideas. Alsayould like to thank him for his work in the Koshi
River basin, which has been a rich literature for my research. Prof. Dr Francesco Cuomo for
supporting me in the formulation of the research plan, questions, and methodologies. Prof Dr
Bruce Johnson, fra the University of Arizona, for supporting me in the development and
validation of 2MEYV tool in rural Nepal. Also, | would like to thank Assistant Prof Dr Andrew
Schneller, from Skidmore College, for helping in developing tMEX items for rural Nepal.

My colleaguesfrom Geography and Biology Didactics department of the Martin Luther
University HalleWittenbergfor supporting me in my research ideas, logistics, and daily life in
Halle (Saale). | would also like to thank Mr Yuvraj Koirala from Chakraghisepal, for
arranging my visit and meetings with schools and school children of Chakraghatti. Also, |
would like to thank the community members of Chakraghatti for sharing their thoughts about
my research questions, and an especial thanks to the ohviti@ took part in the research
survey, without them this research would not have been possible.

Also, | would like to thank my good friends from Kathmandu, Munich, Berlin and Bangalore
for listening and helpingheto improve my research ideas and to preafithe manuscriptA
special mention to Ingrid and Frank from Halle (Saale) for suppausing numerous aspects

of daily and social life.

Finally, | want to thank my special partner Ms Apekshya Dhungel, for her continuous support
in my researchdevelopments. Without her encouragement, discussions, and support, this
journey would have never started. Also, | want to thank my parents and relatives who have
always supported me in my path of knowledge and research.

Besides this research project, lpPindner, and Associate Prof Dahal were able to establish
a formal connection between Martin Luther University Hallgtenberg and Kathmandu
University. | would like to thank the actors of this connection and wish fruitful collaboration
between the twaniversities in the future.

Shakil Regmi

July, 2019







Abstract

The precipitation weather system in South Asia is dominated by the summer monsoon. The
monsoon is mainiyorthwards directed humid vortex from the Bay of Bengal and the Arabian
sea. The rising Himalayan peaks modulate the monsoon and cause shallow convection in the
southern foothills of the Himalayas. Although sparsely, the westerly fed winter precipitation
aso contributes to the Himalayan region. Along with the orographic (elevation and topography)
influence, the southern oscillation also has a salient impact on the monsoon. Moreover, the
synoptiescale and shallow convective nature of monsoonal depressgidtsanteraction with

the ubiquitous protruding topographies of the Himalayan belt is known to bring extreme
precipitation events. Such extreme events are omnipresent in the southern slopes of the
Himalayas, but there is an indication of its increasnegd, which is often attributed to the
increasing trend of temperature.

There is a direct relationship between precipitation and river runoff in the Himalayan region.
Thus, the extreme river runoff events are also part of the monsoonal circulation. rEmeeext
precipitation and river runoff triggefandslides and floods. However, their status has received
less attention in Nepal. In order to adapt to and tackle such an environmental crisis, the
Government of Nepal focuses on educatioorasofthe primarytools. However, the education
content is criticised for being uniform in all parts of Nepal. Although limited in numbers, the
literature shows that this uniformity has led students to identify common urban environmental
problems but not their local issuiesrural Nepal. Moreover, environmental attitude, which is
known to direct environmental education to qerovironment and adaptive behaviour, has
received no attention in Nepal.

Against these backgrounds, this research focusetheranalysis of the pattern of extreme
(above 9 percentile) precipitation and river runoff events in Nepal anditiieirrelationship

the impact of southern oscillation (using the BEST indeit)ese=xtreme eventand, the status

of environmentahttitude and environmental education con{énaim school textbook)f the
vulnerable children. An existing tool which measures environmental attitude]vioe
DimensionalModel of EcologicalValues (2MEV), was modified to use in rural Nepal. The
previos 2MEV t ool 6s i1 tems mostl y f ropted dévweloppd ny &
and translated, followed by two surveys (n=200 & n=201) and validated psingjpal
component analysend confirmatory factor analysisethod

The two dimensions of environntah attitude are Preservation and Utilisationth a
correlation 0f0.93, which have attitudes as sgbales under them, and items (questionnaires)
under the swuscaleswith Likert type responsed.ikewise, the extreme precipitation status of
whole Nepalvas analysed. However, the extreme river runoff was analysed on the Koshi River
basin of Nepal because the sample vulnerable children reside near the bank of the Koshi River
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in the village of Chakraghatti. Thus, the environmental attitude and educattentoarre also
analysed of the schagbing children of Chakraghatti.

The 204 qualitycontrolled precipitation stations of Nepal show the total, and extreme
precipitation intensity (frequency) decreases (increases) with increasing elevation, but intensity
increases with theudderrise of the topography. Interestingly, both intensity and frequency of
total and extreme precipitation are high in the eastern part of Nepal during the entire year and
High Precipitation Months Period (HPM), i.e., May-October. Inaddition, the extreme
precipitation threshold is high (>300m) in the plains and decreases with the increase of elevation,
while all the events during tHeow Precipitation Months Period (LPM)g., NovemberApril

are high in the hills than the plains.

Furthermore, the midentral part and the nordastern corner of Nepal shows high extreme
events during both HPM and LPM. Likewise, extreme river runoff intensity depends on the size
of the river (based on 14 qualitpntrolled stations), but the frequgnis almost uniform and
independent from the size of the river in the Koshi RBasin (KRB). Furthermore, there are
more stations in the KRB with a decreasing trend of extreme precipitation and river runoff
events than the increasing, and there isloervablerelationship between them. Finally, the
total precipitation intensity and frequency, and extreme precipitation intensity during the HPM
increase towards La Nifia while total precipitation intensity and frequency during the LPM
increase towards El Ro.

The validated 2VIEV tool shows thebi-dimensional construct of environmental attitude
prevails in rural Nepal, too, with a strong negative correlatiof.88. Out of the total sample

of children (n=379), 29&re inclined(mean value higher than 3 inkert scale)towardsthe
preservation values. Likewise, 374, 300, and &&7inclined towardthe attitude of the intent

of support, protection of nature, and enjoyment of nature, respectively. In contrast, only 96 and
92 are inclined towardthe attitude to pollute and alter nature, respectivélyrthermore, the
preservabn (utilisation) values and attitudes show increasing (decreasing) tendency with the
grade but not with age and gendaastly, he findings indicate that the content of the textbooks

is well linked to the research site, which increases its complexity and details with grades. Thus,
it enables a more detail structure of positive attitude, with an increment of grade, towards the
environment by having a strongebut not tested statistita i mean value in the answers to

the 2MEV questionnaires.

The findings of this research reveal important information about the pattern of extreme events
and their interrelationship along with their relationship with the southern oscillation. Moreover,
the findings also assertMEV as a standard tool; however, by considering the local aspects.
Li kewi se, the childrends environment al att
towards in terms of prenvironmental and adaptive behaviour. Finallye tcontent of
environmental education shows progressiveness with the inclusion of regional issues.
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Zusammenfassung

Das Niederschlagswettrstemn Sudasien wird vorBommermonsun dominiert. Der Monsun
ist hauptsachlicleineaus dem Golf von Bengalen und dem Arabischen Mtganmende und
nach Norden gerichtefeuchteLuftzirkulation. Die aufsteigenden Himalay@ipfel verandern
die Zirkulationund verursachen eine flache Konvektion in den sudliGabirgsauslaufedes
HimalayasDie von Westen stammend¥interregertrageni trotz sparlichi ebenfalls zu den
Niederschlagen in détimalayaRegion bei.

Neben dem orographischeaiso aus deddhe und Topografiberriihrendenkinfluss hatdie
sudliche Oszillation ebenfallseinen starken Einfluss auf den Monsun. Dariber hinawssist
bekannt, dass digrol3raumigeirkulation an den hochneporragenden Gipfeldes Himalaya
Gurtels extreme Niederschlagsereignisse hervorruft. Solche extremen Ereignisse sind
allgegenwartigan den Stidhangen des Himalayas, aber eslgilateise darauf, dass sich dieser
Trend verstarkt, was oft wiederum mit deetgjen Temperaturerhbhung im Zusammenhang
gebracht wird

In der HimalayaRegion besteht ein direkter Zusammenhang zwischen Niederschlag und
Flussabfluss extreme Flussabflissesind Teile des Monsunzyklus Solche extremen
Niederschlage und Flussabfliissesid€Erdrutsche und Uberschwemmungen aus. In Nepal hat
dieser Zusammenhagedochbisherwenig Beachtung gefunden.

Obwonhl dienepalesische Regierumgf Bildung alsdas wichtigstdnstrumentzur Anpassung
und Bewadltigungsolche Umweltkrisen setzt, bleibt & kritisch anzumerken dass die
Bildungsinhalte in allen Teilen Nepals einheitlich simal auf regionale Besonderheiten keine
Rucksicht nehmerDie relevante Literatur zu diesem Themalsgrenztzeigt aberdassder
einheitliche Schulunterricht auf digtddtische Umweltproblemfokussiert aber nichtdie
Probleme im landlichen Nepdhsgesamt spielen Umwelterziehung und umweltfreundliches
Verhalten in Nepals Bildungspolitik ohnehin nur eine untergeordnete Rolle.

Vor diesem Hintergrund konzentriert sidle vorliegende Arbeiauf die Analyse des Musters
von extremen (Ubedem 90-ten Perzentil liegendenNiederschlagen und Flussabfliissen in
Nepal und deren BeziehurzgieinanderAuch diskutiert werden diduswirkungen der Sue
Oszillation (unter Verwendung des BE®Tdexe9 bei Extremereignisseianeben werden
die Umwelteinstellungn sowie dielnhalteder Umweltbildung de&chulerinnen und Schiler
in den gefahrdeten Gebieten umfasst.

"Als Instrument zur Messung dentvelteinstellung wrdedasmodifizierteTwo-Dimensional

Model of Ecological Values (®MEV-Model) verwendet. Die Items des bisherigeMEV -
Instruments, die vor allem aus Deutschland und den USA stammen, wurden fur den Einsatz im
landlichen Nepal angepasand ubersetzt, gefolgt von Validierungsstudien (n=200) und
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(n=201) mittels erklarender und bestatigender Faktorenanalyse. Die beiden in das Modell
einbezogenen Werte siddEr hal t ungf ,welthe zud.Bakorelienery' fi

Ebenso wurde der extreme MN@&schlagsstatus gaw Nepals analysiert. Der extreme
Flussabfluss wurde im Einzugsgebiet des Kd&é3hsses in Nepal analysiert, da die
untersuchten Schulerinnen und Schikgne dem Ufedes KoshiFlusses im Dorf Chakraghatti

leben In diesem Gebietwuedn auch die Einstellungen AETr ha
Schilerinnen und Schiler analysiert

Die Ergebniss der Niederschlagsanalyse zeigetass die 204 qualitatskontrollierten
Niederschlagsstationen Nepals mit zunehmender Hohe eine Abnahhki@ufigkeit extremer
Niederschlage, aber eine Zunahme der Intensitdt messen. Interessanterweise sind sowohl die
Intensitat als auch die Haufigkeit der Gesaund Extremniederschlagmzn hochm dstlichen

Teil Nepals wéahrend des ganzen Jahres und demMiebderschlagsperiodeHigh Precipitation
Months Periodi (HPM), d.h. in den Monaten Mai bis Oktober. Darlber hinaus ist die
Extremniederschlagsschwelle in den Ebenen hoch (>300m) und nimmt mit zunehmender Héhe
ab, wahrend alle Wetterereignisséhrend det.ow Precipitation Months Period (LPM), d.h.
November bis April héher in den Hiigeln als in den Ebdiegen. AulRerdemzeigen der
mittlere zentrale Teilsowie der norddstliche Teil Nepals hohe Extremereignisse im gesamten
Jahr.

Im Zusammenhang dansteht dieAbflussintensitatdie vonder Grol3e deFlisseabhéngig ist
(basierend auf 14 qualitatskontrollierten Statignéfiir das untersucht€oshi River Basin
(KRB) ist die Haufigkeitjedoch gleichbleibendind unabhangig von der GroRer didlisse
Daruter hinaus gibt es medne Stationen in der KRB mit einem abnehmenden Trded
Extremniederschldge und Flussabflisse als eiitem Anstieg und es besteht kein
Zusammenhang zwischen ihnen. Schlie3lich steigt die Gesamtniederschlagsinteasitat
frequenz swie die extreme Niederschlagsintensitat wahrend des HPM in Richtung La Nifia,
wahrend die Gesamtniederschlagsintensitat -fredjuenz wéahrend des LPM in Richtung El
Nifio steigen

Die Analyse der Umwelteinstellung mit Hilfe der Daten aus @evtEV-Tool zeig, dass auch
im landlichen Nepal dasaus der Literatur bekannteweidimensionale Konstrukt der
Umwelteinstellung mit einer starken negativen Korrelation A@@3 feststellbar istVon der
Gesamtstichprobe deBchilerinnen und Schiilén=379) geben298 eine Einstellung zur
Erhaltung der Umwelt aihm Detail geben374 auf Unterstitzung, 30@uf Schutzund 367 auf
Freude an der Nat@ineabzieknde Einstellung anm Gegensatz dazu haben nuP@sonen
eine Verschmutzungnd 92eineVeranderung der Natduolerierende Einstellung an

Dartber hinaus zeigsich mit zunehmender Klassenstufe ein Anstieg destimmung zum
Schutz der Natur und eine Abnahme der Zustimmung zur Nutzung der Natur, dies korreliert
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jedoch nicht mitAlter und GeschlechtAuch deuten dieErgebnisse darauf hin, dagg mit
zunehmender  Klassenstufe  komplexeren und detaillierteren  Lehrblcher eine
Umwelteinstellung fordern, die sich in den hoheileraber nicht statistisch getestetén
Mittelwertenin den Antworten auf die-RIEV-Fragebdgenzegt.

Die Ergebnisse dieser Forschung zeigen wichtige Informationen uber das Muster von
Extremereignissen und deren Wechselbeziehungen sowie deren Beziehung zur Sidoszillation.
Darlber hinaubelegen die Ergebnisse, dass B3&MEV-Fragebogerals Standardinstrument
funktioniert, allerdingserst nach Anpassung an den lokalen Kontékenso zeigt didnalyse
derUmwelteinstellung deBchuilerinnen und Schiilen welche Richtung sie sich in Bezug auf
umweltfreundliches un@n die Umwelt angepasst¥®rhaltenentwickeln Schliel3lich zeigt

sich auch, dass sich durch di#nbeziehung regionaler Themeasine Verbesserung des
Unterrichts erreichen lasst
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1 Introduction

This researcliakes place in an alpine and rural region of Neplakre are two focal points in
this research. Firsthe analysisof extremeprecipitationandriver discharggrunoff), which
often leads to water related disastes. Second,the statusof environmental educatioand
environmental attitude of thehildrenwho areprone towaterrelateddisasters.

The Palaeocene era collision between the Indian and the Eurasian tectonic plate triggered
crustal shortening absorbingignificantfraction of plate convergen¢Molnar & Tapponnier,

1975) Subsequently, this led to thiest development of the Himalayan orograpfijidges,
Hurtado, & Whipple, 2001)The Himalayan range stretches from Nanga Parbat (Jammu and
Kashmir) in the West to the Tsangpabang (Arunachal Pradesh) bend in the East, spanning
almost 2400 km(Nandargi & Dhar, 2011)This range has the highest mountamte world

and functions as a natural barrier between thelatitlides and the tropics. This positioning of

the Himalayas modulates the atmospheric circulation in South Asia leading to summer
monsoon and winter precipitation eve(Barros, Kim, Williams & Nesbitt, 2004 Anders et

al., 2006 Dimri, 2012)

Comparatively, summer monsoon dominates the amourpretipitationin the region.
Approximately 70%80% of total annuaprecipitationoccurs during the summer monsoon
season(Singh & Kumar, 1997 Wulf, Bookhagen, & Scherler, 2015AIso, precipitation
influences the water balance of the regittannah, Kansakar, Gerrard, & Rees, 2005)
Primarily,ones i xt h of the worl dés popul at i mamyasel i e
as their principal source of wat@¥andargi & Dhar, 2011)This reliance demonstrates the
importance of comprehending water balance of the region.

The research on precipitation and river runoff in the Himalayan regjighus increasing since

last four decades (e.dgdahn & Manabe, 1975; Webster, 198urbank et al., 2003; Barros et

al., 2004; Wulf Bookhagen, & Scherler, 201Karki, Hasson, Schickhoff, Scholten, & Bohner,
2017, etc.). However, the complex arrangemehprotruding ridges and deep gorges along
with the paucity of the data is hindering the understanding of the precipitation and river runoff
system Barros, Joshi, Putkonen, & Burbank, 208arros & Lang, 2001Wulf et al, 2010.

To date, researchers have identified the arrival of onset, location as well as the formation of
terrain and convection aggnificantissues responsible for precipitation in the Himalayas (e.qg.,
Barros et al., 2000; Barros & Lang Z)Anders et al., 2008/Vulf et al., 2019 Bookhagen,
2010).Hence, the precipitation pattern is intricate in spatial and temporal (Bmd&hagen,
Thiede, & Strecker, 2005Moreover, the regional climatic phenomenon in the tropical Pacific
such as the southern oscillatioe@influences the precipitation regime of the Himalayan region
(Shrestha2000). Overall, th@recipitationpattern in the Himalayan region is intricate




The recent research developments indicate an increase in extreme precipitation events over the
Himalayas (Chalise & Khanal 2002; Nandargi & Dhar 2011; Karki et al., 2017). The extreme
precipitation event is a low frequency/highensity rain/snowfall\(/ulf et al., 2010Nandargi

& Dhar 2011). Although the documentation of such events in South Asiararapit is scarce

in the context of Nepal (Karki et al., 2017). The extreme precipitation occurs duany
interrelated reasons such agnoptic scale rainstorms, sudden cloudbursts, high winds,
snowstormgBarros et a].2004 Nandargi& Dhar, 2011). As a result, it applie® control d

mass transport of water and sediment disch@fgeede, Bookhagen, Arrowsmith, Sober, &
Strecker, 2004Wulf et al., 2010 Bookhagen, 2010). In the same way, extreme precipitation
has firstorder control on the high matof denudationtoo (Gabet, Burbank, Pragitaula,
Putkonen, & Bookhagen, 2008) research conducted dhe 47 catchments of the Andes
demonstrates the positive correlation between the erosion rate with average slope and relief of
the basin(Aalto, Dunne, & Guyot, 2006)n comparison, Nepal also has a steep river basin
with headwagrs at more than 8000 m and flood plains at a lower elevation of around 60 m
within a distance 0100 km (Nandargi & Dhar 2011). Thus, the risk of extreme precipitation
induced landslide, erosion and flood are relatively high in Nepal (Karki et al., 2017).

A recent water related disaster insouthern Nepal duringhe monsoon of 2017ufther
emphasises theecessity to explore extreme events. An extrpnegipitationevent occurred

in the midhills and plains of Nepal beginning on 11 August 2017 until 14 AugQ17and
continued with moderate to heapyecipitationuntil 17 August 201{Bhandari et al., 2018)
During this period 65,000 houses in southern Neplbwnedwhile 461,000 people were
temporarily displaced ant¥43 lost their livesA total of 1.7 milion people were affected in
Nepal Furthermorethe dominant role of precipitation in influencing the river runoff is a fact
(Shrestha & Aryal, 2011; Bhégoz, Galée, & Jacobi, 2013; Shea, Immerzeel, Wagnon,
Vincent, & Bajracharya, 2015). For example, river discharge is high during the monsoon period
in Nepal (Hannah et aR005;Wulf et al., 2010Nepal, 2016).

Chalise and Khanal (2002) outline the importance of comprehending extreme river discharge
events to reductherisks associated with it. They also point out observing precipitation events
to understand extreme river discharge behaviour. However, the research related to extreme
precipitation in overall Nepal is scarce and limited either on the representatipntofdate

data or juxtaposed with generalised findings. SimilaHgrélationship between precipitation

as well as other environmental factors such as glacial melt and river runoff is well documented
in Nepal. However, thanalysisof the status/occuance of extreme river runoff everas a

spatial scalén Nepal faces a dearth of reseadlownstream river discharge shapes up valleys
and forms alluvial fans in an alpine landscape (Miller & Spoolman, 2009). Such valleys and
alluvial fans provide an omptunity foralivelihood and economic development in the region
(Chalise & Khanal, 2002).




On the other hand, Chalise and Khaf28l02)also point the risk of losing life and property
associated with these opportunities. ifstancethe landslide and ftm of August 2014 in the
Western hills of Nepal displaced about 30,000 people from their damaged (hot@esmtional
Federation of Red Cross, 2014)jkewise, communities residing near the alluvial fan of the
Koshi River in Eatern Nepal have already experienced destructive floods in thérpae0g

the extreme sediment flux in the Koshi Rivielading to a breach of the embankment caused
havoc in the regio(Reddy, Kumar, Saha, & Mandal, 2008)

These recent episodesong with extreme precipitation evenssiggest that Nepal is highly
susceptible tavaterrelateddisasters. Various researchers and organisations also agree on this
fact (e.g.,United Nations Development ProgramrfigNDP], 2004; Eriksson et al., 2009;
Agarwal, Babel & Maskey, 2014; Karki et al., 2017). Consequently, the vulnerability of the
people living near the Koshi Rives alsohigh. Notally, the children and adults of this region

are likely to be the most affected gm(UNDP 2004, Adhikari 2013). he v ul ner abi | i
state of susceptibility to harm from exposure to stresses associated with environmental and
social change and from the absence of capac

Moreover, the capacitand scaleof adapation to environmental stresare relatedto the
vulnerability of the society (Gentle & Maraseni, 201)rinstance Taylor,Bruin, andDessai
(2014)in the UK and Pyfldla et al.(2016)in their metaanalysis of 124 articles categorised
acording to different regionof the world report people willing to adapt to potential
environmental threatsnly if it is going to harm them. Furthermgradaptation is an ability of
the society to deal with the adjustmenttb@ sogoeconomic and ecologat systemabout
climate change and its consequences {Skurton, Klein & Street1999; Gallopin, 2006;
Adger, 20®). Therefore, adaptation to the environmental crisis is crucial for the livelihood of
the vulnerable community living near the Kostiver. In general termsjJelihood is defined

as a means of making a living (InternatioRatleration of Red Cross, 201

Education isconsideredcasone ofthe primary tooin Nepalto address and adapt tioe long-

term environmentalcrisis (Adhikari, 2@3). Correspondingly, the content of environmental
education addresses this gidarki, 2000) However, the environmental education curriculum
followed in the schools of Nepal has faced criticism for not including local environmental
concerng(Pande& Karki 1998; PandeThapa, & Karki2001; Keinath 2004)Nepal uses a
centralised curriculum system where all the regions of the country follow the same educational
content(Curriculum Development Centre of Nepal, 2Q0The environmetal problems in
textbooks are more about the urban scenario (such as air or waste pollution) in contrast to that
of the rural situatiofKeinath, 2004)Hence, students from the rural areas of Nepal, where most
vulnerable communities reside, are not able to understand their local environment and
associated problenf&einath 2004).




Predominantly, there are two sources of knowledge in Nepal: Indigenous Traditional
Knowledge (ITK) and modern school educat{@®narma, Bajracharya, & Sitaula, 2008he

| TK i s Aknowledge, innovations and practice
gained over the centuries and adapted to the local culture and environment which is transmitted
orally from generation to generatiofUnited Nations 2014, p. 3). However, in the prejudice

of ITK being unscientific, th&sovernment of Nepal (GoN) has not shown any interest in
documenting it, and its presence in the modiay school education is negjlle (Sharma,

2004 Sharma et a812009). Thus, he GoN started to focus on scheducation sincthe 1950s

making it the primary source of knowledge and understanding (Sharma2€04)).

The knowledge and understanding are the acknowledged cogritweponent of
environmental attitude (Rokeach, 1973; Fishbein & Ajzen, 1974; Gray, 1985; Hines,
Hungerford & Tomera, 1986). Consequently, environmental education affects environmental
attitude (Ajzen & Fishbein, 1977; Bogner & Wiseman, 1997; Clery & Rh2ail3; Kibbe,

Bogner & Kaiser, 2014) Likewise, environmental attitude and perception influence adaptive
and preenvironmental behaviour (Lynne, Shonkwjl&rRola, 1988; Stern, 2000; Meinhold &
Malkus, 2005; Vignola, Koellner, Scholz& McDaniels, 2010 Johnson & Li n]|
Pyhala et a.2016; Mutahara, Warner, Wals, Kh@&Wester, 208). For example, Vignola et

al. (2010)report the environmental perception exerting control on adaptive behaviour in Costa
Rica while Pyhala et al2016) reviewed P4 peerreviewed articles about the relationship
bet ween | ocal sé perception and their under
same. Although environmental education is in use in Nepal to develop adaptive capacity, the
role of environmental itude which will boostthe adaptive and prenvironmental behaviour

is unexplored (Pande & Karki, 1998; Pande et al., 2001). However, the relationship between
environmentaattitude angro-environmentabehaviour isxotauniversally accepted facthe
strength of this relationship ranges from low to moderate (Grob, Ka8&er, Ranney, Hartig,

& Bowler, 1999;Bamberg & Miser, 200).

Milfont and Duckitt (2004) questiad this uncertain relationship between attitude and
behaviour with a hypothesis that the construct of environmental attitude needs an adequate
clarification. Till early 2000, the environmental attitude consisted of a single dimensional
construct where the attitude ranged on a continuum from a biocentrier{pronment) to an
anthropocentric (antnvironment) worldview (for example the New Environmental Paradigm)
(Dunlap, Van Liere, Mertig& Jones, 2000). Milfont and Duckitt explored onto the multi
dimensional orthogonal construct of environmental attituide, twadimensional model of
ecological values (MEV), proposed by Bogner and colleagues (Bogner & Wiseman 1997,
1999, Wi seman & Bogner, 2003) . I'n | ine wit
independently verified the twdimensional constructPf{eservation and Utilisation) of
environmental attitudeThe development anderification of thesetwo-dimensions gave
environmental attitude a strong base to cover multiple viewpoints of behaviour (Van Petegem




& Blieck, 2006; Boevede Pauw & Van Peteger®010; 2013)However, all these studies exist

only in the developed and industrialised countries. Milfont and Duckitt pointed out in the
limitation of their research, the-dimensionality of environmental attitude might not be as
distinct in developing amtries as observed because the maomal and macreconomic
variables can influence the psychological constructs. Goeadugo and Armerat i z 6 s ( 20 C
findings support this argument with high covariance between thkeyman exception and the
pro-environmental exception in Mexico. Based on their finding, Cevimdugo and
Armendariz argue that there is a dualism in the belief of industrialised countries while it can be
plausible to hold both prbuman and prenvironmental value in the nendustrialsed
countriesNepal is deastdeveloped country with negligible research and discussion about the
environmental attitude. Hence, exploring the construct of environmental attitude in Nepal based
on the proposal of -BIEV will help to understand the varidity of the construct of
environmental attitude on a different geogriaphand socioeconomic setting.

Against these backgrounds, this research focuses on the exploration of two parts: extreme
environmental eventgprecipitation and river runoff)and the status of the downstream
childrerd snvironmental attitude amgthooleducation content. The first research focus will
base on the analysis of extreme precipitation and extreme river runoff in, Kegainter-
relationship and their relationshiwith the southern oscillatiorsimilarly, the second research
focus will base on the exploration of the environmental education content followed by the
school and the environmental attitude of the school going chil@fenfindings from the first
research focus will complement the existing literature on the Himalayan geomorphology system.
Likewise, the second research focus serves both purposes to analyseditheniional
construct of environmental attitude ineastdeveloped society of Nepal by using/lEV as a

tool and using the same tool to explore whether the environmental education status corresponds
to the environmental attitude of the students or not. Moreover, comprehending the
environmental attitude of theustents will help to elucidate in which direction they are heading

to regarding preenvironmental and adaptive behaviounu$, he knowledge generated from

this researctaims tobe valuable forthe scientific community as well as for the regional
plannersand policymakers.

1.1 Overview of the Dissertation

This dissertation consists of eight chapters. The first chapter presents the background and
motivation to conduct this researcdfhe first part ofsecondchapter provides a detailstate
of-the-artreview of precipitation systenpattern, and its linkage with tls®uthern oscillation
system along with the existing knowledgedwwnstream river flow in the Himalayan region.
Then the second part of chapter two presents the reviewafommentalattitude construct,

the environmental attitude tool-MEV, and environmental educaticemd environmental




attitude of NepalBased on the literature reviewhe third chapter focuses on theeedfor
researchby elaborating the researobjectve and the method used to address the objectives.
Furthermorechapter four describes the research area of both precipaatuioiver runoff, and
environmental attitude analysis part.

Moving onto the finding section, chapter five presents the data sisakgsult of thextreme
precipitation extremeriver runoff parf and their relationship with the southern oscillation
Likewise, chapter six begins by presenting the validation of the environmental attitude
assessment tool for rural NepBkbllowed bythe childrerts environmental attitudstatus by
using ths validated 2MEV tool andtheenvironmental educaticstatus by analysing tleeurse
content followed by the schogbing childrenFurthermore, chapter six presents the exploration
of the construcbf environmental attitude in rural Nep&inally, chapter seven focuses on
discussinghe results obtained in chapter five and six. It discusses the fgafitigis research
based on the connection betwesiirene precipitationevents extremeriver rundf events
environmental educatiocoursecontent, the state of environmental attitude and its construct.
Lastly, chapter eight presents the conclusion, summary of findings and recommendations for
future research.

1.2 Limitation of the Research

Nepal hasa complex arrangement of the Himalayan orography limiting the setup of
rain/snowfall monitoring stations in all parts of the country, usuallythe high elevations
(>4000 m) Thus, the analysis of the precipitatidnes not includ¢he data from thénigh
HimalayasAlthoughfactors such aprecipitation,soil-erosion, lanecover changesnowmelt

and glacial melinfluence the downstream river runpfifiese factors are not explored while
analysingthe extreme river runoff events. This is doethe lack of gailable data anthese
analyseseing beyond the scope of this reseafdbnethelessa brief theoretical review of
these factorss conducted in this researc®imilarly, the environmental attitude part focuses on
theschool going children from gradeiB 10. Howeverdue to the lack of dataccess tschool
education for all the children of thresearchsite is not explored. Alspothe ®cio-economic
situation of the samplstudentsis not exploredin this researchMoreover, the relationship
between environmental knowledge and environmental education content followed by the
school going children of the research site is not explduedo the scope of the reseandfich

is focused on the current status of environtabeducatiorcontentand attitude of the children




2 Literature Review

Based on the subjects to review, this chapter consists of two parts. The first part of this chapter
presents a broad overview tife status of knowledge on the precipitation and riverofti

system in the Himalayas and the watdatedrisks associated with it, with a focus on Nepal.
Likewise, the second part of this chapter presents an extensive review of the relationship
between environmental education and environmental attitude, &ltintheir status regarding
thesituation inNepal.

2.1 Review of Precipitation and DownstreanmRiver Runoff

This subchapter provides andepth review of the precipitation system in the Himalayas. It
includes the topics of summer and winter precipitatiomiriiuence of orography anshuthern
oscillation Secondly, the review of the precipitation pattern includes seasonal as well as
extreme trends and status of precipitation. Finally, the review of downstreanrungdf
includes its status and its retaiship with natural and humamade effects. These reviews are
then finally followed by theidentification of deficienies and future research needs,
respectively.

2.1.1 Precipitation System in the Himalayas

The various esearch going on since last four decadastpde the active role played by the
Himalayas to modulate the regional precipitatsystem(Hahn & Manabe, 1975; Webster,
1987;Burbank et al., @03; Barros et al., 2004; Wulf et al., ) Karki et al., 2017, etk. The
southern slopes of the Himalayige in the windward side. The windward side of the Himalayas
receives moreprecipitationthanthe leeward sideSingh & Kumar, 1997Anders et al.2006
Wulf et al., 2010. Likewise, theHimalayas receive precipitation during the summer from
monsoonal depression and during the winter from westerly (Bados et al.2004 Dimri,
Mohanty, Azadi, & Rathore, 20067 he following sections provide a more elaborative detalil
about the precipitation system.

2.1.1.1 The Indian Summer Monsoon

TheLow-LevelWesterlyJet (LLJ) fromtheArabian Sea andlargescale cyclonic vortex from
the north ofthe Bay of Bengal to mainland India forms the Indi@mmerMonsoon (ISM)
trough (Ding& Sikka, 2006). The word monso@omesfrom the Arabic language, meaning
seasorfGoswami, 2005)ThelSM over South Asia is a part of InterTropical Convergence Zone
(ITCZ) which drifts the eastvest oriented precipitation belt frothe southern hemisphere
during winter tothe northern hemisphere during summer (Goswami, 28@okhage et al,
2005).In general, he ITCZ is the temperature and pressure differehetseenthe northern




and southern hemispheré@goreover, hee is interlink between thielJ variation over India,
East Asia and the western NoRAcific

The simmer monsoowver Indian suicontinent and the East Asian summer monsoon share
significant exchange and transport of moisture and heat betweer(Dnegn% Sikka, 2006).
Likewise, a couplingexistsbetweenthe East Asian summer monsoon ahe western North
Pacific sunmer monsoonlnterlink of these three variations suggest I&M part ofa larger
climatic scenario.The Asian landmass faces rapid warming compared to the surrounding
oceans due to the elevated topography of the Tibetan plateau (average elevaio0 of)4

and releasglatent heat as a lhyroduct of condensation of moist air. This thermal gradient helps

to ensconce the ISM circulation as well as derives the interannual variability based on the
anomaly of segurface temperature (Bookhagen et 2009.

However, Liu and Dong ( 2nkrka dael analygioa eramine b a s
the i mpact of the Tibetan Plateau over the
justification. They findhat even without the elevated Tibetan Riatéhe ISM and largecale
atmosphac circulation structures shosimilar variability as observed currentiurthermore,

they report that the Himalayan topography is much necoitecal for the generation of ISM
circulation tha the location and elevatioof the Tibetan PlateaulLikewise, teir study
highlightsthe Himalayas as a thermal insulator in tbemation of ISM and challengdbke
accepted view ofhe Tibetan Plateau influencing the ISM duethhe thermal gradient. Since

this relatioship does nexistin other parts of monsoonal Asiau and Dongalso challenge

the coining of the wor didHastAsgaosumnier nionsoon &ntd e r
western NorthiPacificsummer monsoon.

Nonetheless, multiple previous research repbag$Mcirculation is regulated by the pressure
difference betweethe Tibetan Plateau (low) arttie surrounding oceans (high) due to the rate

of thermal divergence (Barros et,&004 Bookhagen et al2005). This circulation produces
north to northwest diréed humid vortex from the proximate Bay of Bendakewise, this

vortex enters Nepal through the eastern side and exits through the west, leading to
comparatively less monsoonal precipitation in the western part of the country. Furthenimore, t
circulation along with the vortex originating from the Arabian §etsdeflected northwards

and organise shallow convection at the foothills of séating slopes and valleys of the
Himalayas to bring heavy summer monsoon precipitation (B&ricsng, 20@; Bookhagen et

al., 2005).TheISM often hasanactive and break perioduring which theactive period leasl

to excess storm events and break periods lead to draughts in the region (Goswami, 2005).
Predominantly the prevailing wind direction and speed guidmtisture transport of the ISM

in small regions (1910* km?) while thelocal topography influences the moisture transport into
deep valleys and gorges (Bookhagen e228i05).




As explained earlier, the positioning of the Himalayas is crucial for theasweht of the ISM.
The noist air elevagsalong the orographsginddecreases in presswuaad temperature with an
increase in volumeThis interelation of the physical components leads tochredensation of
moist air which can no longer cross the orographic baandaccounts fothedistribution of

the ISM precipitationalong the Himalayan stretch (Bookhagen et 2005). Moreover, the
existence of internal dynamics of the monsoon alseigges unstable convections, for example,
when the midatitude westerlies interact with the monsoonal tro(ighalik, Bookhagen, &
Marwan, 2012)Likewise, dimeseriesanalysis of the precipitation over India, from 1890,
elucidates a three decad&loae normal (mean of the entire tirgeries) and below normal
oscillating behaviour of the ISMK¢ishnamurthy & Goswami, 2000Thebehaviour of ISM is
although well documented its nature is not fully understood and is also deemed to be almost
impossible ¢ understand (Bookhagen, 2010

2.1.1.2 Westerly fed Winter Precipitation

The western region of the Himalayas reca\@ecipitation during the winter (December
March), which also spreads througjine central part of the Himalayas, over Nepal (Dimri et al
2006).The western precipitation occurs due to the western disturbances which grectesire
systems in the mithtitudes with wind trails moving from the wdsteast (westerly) towards

the subtropical region of Asia (Dimri et,a2006). These mihtitude tails are westerly upper
tropospheric synoptiscale wavesBRarros, 200 The noist air coning with these western
disturbancegyet captured in the Himalayan orography and undergoes intensification until the
moisture content condenses and falls as pretigitgBarros, 200 Moreover, thewinter
precipitation is also termed #® Indian Winter Monsoon (IWM) (Dimri et gl2013).

The extended mid and higlevel clouds inthe subtropical jet over Asiareate interaction
between the tropics and the miaditudes Furthermore,liese mobile cloud systems amplify the
long wave troughs leadingjgnificantinfluence of midlatitude westerlies ovehe subtropics
(Dimri et al, 2006).Moreover, thetropical air mass and the topography of the Himalayas
control the vestern disturbance the mid-latitudes (Dimri et al, 2006).Likewise,Dimri et al.
(2006)also point out the association tietwestern disturbanceith the southern oscillation
systemin the tropical Pacific region but stresses on the deantbsefirch in understanditige
IWM. Till date, there is minimal research on the topic of IWM of which Dimri and colleagues
have the most numbers thie available literature.

Additionally, their reseech outlinesthe essentiabspects of the IWME-or examplethe ative
phase of IWM sees westerly and seutbsterly jet leading to convective activity with enhanced
moisture flux increasing precipitation in the region. Such convection is alpragentin a
circulation of cyclonieanticycloniccyclonic series The nterannual variability of the IWM
shows southward shiftdemonstratinghestrong influence of theorth-westerlyincomingflow
over the north Indian regions.




According to Dimri et al(2006 & 2013), thencreased convection ovire central equatorial
Pacificregion and asymmetric upper tropospheric flow over the meridian from the southern to
northern hemisphere intensifies the western disturbance corresponding to higher precipitation
over the Western Himalayas. Likewisine bi-monthly oscillations als@ccur prevalenty

during the IWM.Specifically, the mcrementin equatorial Indian Ocean surface temperature
enhance themiddle tropospheric anticyclone withe increased northerly wihto the east
resulting in higher precipitation in contrasttte period with average temperatuhe phase

with the ISM the IWM is also a coplicated process, but with a dearth of resetoaimderstand

it, deeming its nature as still unclear.

2.1.1.3 Orography Influenced Precipitation

The windward side of the orography recesvamore precipitation but in addition to thete
probability of blockade in air and diversion, excitement of internal waves due to vertical density
stratification, warming of air above tineountain drawing air up from low levels and triggering
condensation or convection on the slopes are also part of the orogragipitation
interactiors (Anders et al 200§. Anders et al(2006)also verify from their adhoc model that
decrease in temperature and saturation of the vapour pressure with height in the atmosphere and
the direct forcing of air upslope, especially at low elevations, are vital controls on precipitation
in the Himalayast scales greater than ten kilometreseries of research carried out during
theearly 2000sBarros & Lang, 2003Barros et al., 2004jiesto clarify the spatial distribution

of precipitation inthe southern slope of the Himalayas located in Nephky report five
significant factors:

1) Continuous and gradual increasetloé atmospheric column consisting of moist air
causingunstable convection during the weak middle and upper tropospheric westerly
wind;

2) The dfect of the upslope flow of air in the modain and its convergence to cloud
leading to precipitation

3) Orographic air flow waves induced by the effect of grgvity

4) Convective weather systemnd

5) Thedifference in precipitation pattern based on altitude.

Precipitation in the tropical region resultorh a cloud system known dke Mesoscale
ConvectiveSystem (MCS). The lengtbf these cloud systems varigem 1031000 km with

a lifetime ranging from several hours to a d&louze, 2018)Within the MCS systenthere

are wsually two types of precipitation: convective and stratifofime @nvective precipitation
occurs from active convectiofhe onvection is a process where the surface of the earth warms
the air above it. Thigrocesslecreases the density of the air males and makes the air lighter.
The light air rises rapidly and cools off forming the cloud hence resulting in convective
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precipitationwhich is dominated bghecondensatiomdeposition procegd ao, Chen, Li, Wang,
& Zhang, 2012)

In contrast to convective precipitatiainestratiform precipitation is older and less actiVhe
updraft magnitude athe stratiform cloud is less than 1 m#&nd cloud particle grows through
the process of gradual depositidime dratiform cloud is arranged in layers and forms a thick
uniform grey layer athe low altitude.Likewise, the satiform precipitation usually occurs
without any thunder or lightning.

The Tropical Rainfall Manitoring Mission (TRMM) reveale@n unprecedente relatiorship
between théopography and precipitation system with continuous rainfallimaobserved in
thefrontal part of the Himalayasvhere theaverage elevatiors approximately 1 kmandin
theinner rainfall beltwhich rises untibn average elation of approximately 2 kifBookhagen
& Burbank, 2006)Furthermore, the convective cloud plays an active role to form precipitation
in the southern slopes of the HimalayBsifos & Lang, 2003Barros et al.2004 Anders et
al., 2009. The mnvection é cloud can occur itheflat land tog but in the Himalayan region
convectionoccursdue to the interaction witthe mountainous terrairiThus convection is also
part of the orographic precipitationhe adographic precipitation enhancement factors apal
rangesrom 200% up to 300% (Barros et,&004). Thigghenomenosuggestsheprecipitation
induced due to the orograpleloud interaction is spatiotemporat differenttopographical
gradients. Observation from Barros et al. (2000) found that mgtedevation buthe spatial
arrangement of topographic gradieistdetrimentako precipitation systentThe main findings
from Barros et al. arksted below.

1) Weak altitudinal gradients of annual rainfeXistbetween 1000 and about 4500 m;

2) Strong ridg-to-ridge zonal (eastvest) gradients of monsoon rainfall (1500 mm/5 km);

3) Strong ridgevalley gradients during rainstorms, especially in the case of deep valleys
(el evation differences O 1000 m) and ste

4) Strong altitudinal gradients imainfall intensity and duration (convective versus
stratiform), with longer (shorter) durations and lower (higher) intensities at high (low)
elevations along the ridges.

Likewise,Barros et al. (2004eporttwo distinct types of orographic controls at different spatial
scales after comparative analysis between the collocated variability of topography and the
overlying cloud coverthey are:

1) A synoptic mode~+300 km) associated with the overall terraimvelg and the major
river valleysthat cutthrough the mountains connecting the Indian subcontinent and the
Tibetan Plateau; and

2) A quastperiodic succession of ridges and valleys that constitute the Himalayan range
(5-150 km).
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Furthermore, Barros et al. (20040 report three primary modes of spatial variability related

to orographic lanégitmosphere interaction. First, a synoptic scale mode linked to global climate
controls; second, a synoptic scale mode linked to regional climate controls such as monsoon
intensity and landorm; and third, a mesoscale mode linked to local orography. Moreover,
based on the actual complexity of the terrain within different regions in the Himalayan range,
Barros et alreportthe variance of cloudiness and its scaling behavefiects the ridge density

as well as its altitudinal range.

2.1.1.4 Southern Oscillation andHimalayan Precipitation

The southern oscillation variability occurs in every ten years and iskn@n to influence

the ISM Krishnamurthy & Goswami, 200@&hrestha, 2W0). Shresthatudiedthe precipitation

system of théNepalHimalayan region frona broademerspective and founah active role of
southern oscillation in the Himalayan precipitatidine World MeteorologichOrganization
(WMO) categoriseshe variationsof southern oscillation as neutral, EIfidiand La Niia.
FurthermoreKripalani and Kulkarn{1997) show an increase ki Nifio related drought in the

below normal monsoon in India, compared to above normal monsoon. In addition to agreeing
with Kripalani an d K u | #ndingnKirishreamurthy and Goswami (2006how La Nifia

events do not have a significant impact on monsoonal droughts throughout India. However, the
relationship between thiea Nifia events and monsoon floods are firm, but the relationship
between ISM andEl Nifio is weak Krishnamurthy & Goswami, 2000 Likewise,
Krishnamurthy and Goswami also suggest a coupled relationship between the interdecadal
oscillation of ISM and southern oscillation. Moreover, they also report that during the
interdecadl mode of warm Pacific and belemormal ISM, the interannual variance of ISM

and southern oscillation is high, and in the opposite phase, the variance is low.

The ®uthern oscillation isn atmospherie@ventwhich occurs in the form of change in trade
wind, air pressure and temperat(véorld Meteorological OrganizatiofwWMO], 2014) The
variations of southern oscillations are the oceanic components which occur through the change
and transfer of water temperature in BaeificOcean (WMO, 2014). Out dfiethree variations,
during the neutral variation of southern oscillafittre trade winds in the centf@hcificregion
directtowards Australasia and East Asia from South America. During this prdcessade
wind blows thewarm air towards the west (Australasia and East Asia) in pushing the
warmer water also in the same direction. In the South Americanaigdecess known as
upwelling happens where the cold watemesto the surface of the ocean. With warm water
in the westthe tropicalPacificregion experiences warm atmosphere resultiregapid rise of
air leading to extreme rainfalls and weather evéftis. ise intheair due to this effect creates
anatmospheric circulation of the easterly wind in Beific region.The warm moist air rises

in the western sidand cooler but dry air descends the eastern side of tRacificnear South
America.
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Figure2.1. The neutral state tfieweather at tropicdPacificregion with trade wind blowing from east

to west, warm water in the west, cold water in the east, extreme rainfall events in the west and generation
of easterly wind. Red and yellow represtwarmth of the watewhile dark blue represents coolness.
(modified from Met Office UK, 2014)

El Nifio, the second variation of southern oscillation osewery three to seven yeaahd its

acuk phase usually lasts about a y@&e unexpectediarm water during the Christmas period
observed off the coast of Pemastermed as EI Nio. Niio i s a Spani sh wor
Chri st 6 an dio anly eecemtly ecameEzal contnion word for this phenoméria.
fluctuation in ocean system around the equator and changes in tRydat weather system

can create ahain of events which leads to weakening of trade wind blowing from the eastern
side of thePacificto the west. The weakened push of the trade wind and less upwelling of the
cold water allows the warm water to come closer to the eastern side near SeauitaAms
procesdluctuates the temperature afiarea with warm water.

Since the area of warm water moves east, the associated moist air and unsettled weather
phenomenon also follovithus, achange in temperature and wind pattern in the tedpagion
occurs,Jeadng to extreme precipitation and floods in Peru and drought in East Asia and India.
However, El Niio has known impact everywhere in the weather system of the world. For
exampleEl Nifio releaseahigh amount of energy into the atmosphereianckass theglobal

average temperature. This fact cannot generalise the impact dficcbditause every El A

event is unique and has different impacts around the world.

The third variation of southern oscillation is Laisiand igrecisdy opposite ¢ that of EINifio.
The oscillation changes during INifia frommoderaterade wind of EINifio to strong trade
wind pushing all warm water to the far western region of troplealfic Usually, EI Nifio dies
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after its occurrence or flipsto INifia. LaNifilai s 6t he girl 6 i n Spani sh
of Ot he b oNiftg.the Gpwellingnofjctal lwater increases in the eastern sidé¢hef

tropical Pacificand spreads further towards the middle part of the ocean. Genkealyia

has opposite effectsn EI Nifio by increasing precipitation and extreme weather events in parts

of Asia. The SouthernOscillation Index(SOI) measure the rate of oscillation beeen these

three variationsSouthern oscillation is a fluctuation in atmospheric sea level pressure which
involvestheexchange of air betwedhe eastern and western parttbétropical Pacific region.

Wind Pattern Wind Pattern

Figure2.2. The El Nfo state otheweaher inthetropical Pacificregion with weakened/flipped trade

wind, warm water and extreme rainfall events in the central and eastern part and generation of new wind
pattern. Red and yellow represehe warmth of the waterwhile dark blue represents coolness.
(modified from Met Gfice UK, 2014)

The annual mean atmospheric sea level pressure of Danwiorthern Australia) and Tabhiti

(in SouthPacific Ocean)re significantly but oppositely correlated. Thus, the difference of
fluctuation of atmospheric sea level pressure betvid@awin and Tahiti (Tahiti Darwin) is

the SOI. A condition having higher atmospheric sea level pressure dharageindicates
dryness, and lower atmospheric sea level pressure theeragdandicates excess rainfall and
storminess. If atmospheric seadépressure is lower in the east (Tahitien it will be higher

in the west (Darwin). Tihs,the negative SOWhichis anEl Nifio yeareads towvetness in the
east and dryness in the west and opposite to thatNsilzayear with positive SGRanasinghe,
McLoughlin, Short, & Symonds, 2004)

Shrestha (2000kportsin most cases of Bifio years the monsoon rainfall in Nepal was below
average. However, Shresthlso suggesthat the relation of SGb monsoon rainfall in Nepal

has interannual variation. The correlation between SOI and rainfall in Nepal from 1962 to 1983
was weak irnthe early sixties which eventually became significant at 99% confidence from
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1969 to 1980 and again decreased later. dhi&ervationshowsan active role of southern
oscillation in the precipitation system of Nepal.

Easterly Wind

Figure2.3. The La Nia state othe weather at tropicdPacific region with strong trade wind blowing

from east to west, warm water irettropical west, cold water in the central and eastern part of the ocean,
extreme rainfall events in the tropical west and generation of easterly wind. Red and yellow represent
thewarmth of the watemwhile dark blue represents coolneggsodified from Me Office UK, 2014)

FurthermoreZhu, Bithe and Fraedrich (201igundtherelation of North Atlantic Oscillation
(NAO) in summer monsoon precipitation in regions surrounding north India. The NAO is an
oscillation of atmospheric pressure at sea levehef Atlantic Ocean between subtropical
(Azores) high and subpolar low. The NAO index isdbservedluctuation of atmospheric sea
level pressure over a broad range of longitude¥V8BOeE (Jianping & Wang, 2003Zhu et

al. found that the wave generated the North Atlantic storm travel towards Asia via
Scandinavialibetan Plateau bridge or the Mediterran&ast Asia bridge.

Consequently,ite North Atlantic storm created due to kpnessure anomalies in Iceland and
high-presure anomalies in the Scandinavia travels south and stops the depression coming from
the Bay of Bengal, the Arabian Sea and the South China Sea to reach the Tibetan plateau
(leeward side of the Himalayas) resulting in drougkitsreover the storm createdue to NAO

also plays avital role to transport the moisture arising from the Arabian Sea and the South
China Sea to the Tibetan plateau. The ldrjance atmospheric bridges form a storm track for
storms arising from varioyshenomenauch aghe southen oscillation or NAO provide the
connection to influence the precipitation system of the Himalayas which is dominatieel by
summer monsoon.

15



2.1.2 Precipitation Pattern in the Himalayas

The summer monsoon dnwesterly govern thergcipitation pattern in the Hinteyas (Barros
et al., 2004Zhu et al., 201)L The gudies relatedo precipitation in the Himalayasntil now
are not able to instigate any patteéfhe underlying causef this situation is often attributed to
the paucity of precipitation measurementalaeducedaccessibility of the field, lack of proper
rain gauge network and sampling emranging from 1850% (Barros & Lang, 2003Anders et
al., 2006; Bookhagel& Burbank, 2006; Wulf et g1 2010; Nandarg& Dhar, 2011 Nepal,
2016; Panthi, Dahal, Shetha, Aryal, & Krakauer, 2019Ragettli et al., 2015). Furthermore,
the researchelatedto precipitation pattern in the Himalayas are not older floam decades
and are in partBarros & Lang, 2003Anders et al 2006; Bookhage& Burbank, 2006; Wulf
et al, 201Q Panthi et al 2015).The dfficulty in measuring and analysipgecipitation over a
specific oressentiapart of the region in both spatial and temporal scale igpdneary reason
for related researcto be in part. Moeover, rain gauges which provide precise information
about the precipitation in the region are loosely dense and are not lodhteligh Himalayas,
resulting inthe undersampling of highkaltitude areas.

2.1.2.1 Seasonal Precipitation Pattern

The summer monsm varies in the Himalayan region based on the distance from the Bay of
Bengal (Bookhagen et.aP005).The hydrometeor originating fronthe summer monsoon in

the Eastern Himalayas lasts four to five months from June to October, June to September in the
Central Himalayas and hardly two months (July to August) in the Western Himalayas (Nandargi
& Dhar, 2011)However,Nandargi and Dhaf2011)do not provide any precise information
about the division of the Himalayastime East and Central zon€hey delinate that Ladakh

region, which is in thesoutheasternpart of Jammu and Kashmir, as a partle Western
HimalayasA thorough review of related articleBhakur, 1992Singh, Ramasastri, & Kumar,

1995 Singh & Kumar, 1997 Dimri & Dash, 2012) also deliats region from Western
Pakistan to Jammu and Kashmir ahdPunjab region athe Western Himalayas.

The National DisasteRisk Reduction Portal of Jammu and Kashstate the monsoon to be
spanning from midluly until early Septembe€orrespondinglythe monsoon in the Himalayan
region of Pakistarspansfrom July till August(lImran, Zaman, Rasul, & Mahmood, 2014)
Likewise, he Central Gound Water Board dfittaranchal Region dhdia in 2016reportthe
monsoon of Uttaranchal region of Indipandrom July to August. Tesetimeframessuggest

that Uttaranchal also falls under the two months monsoon category of the Western Himalayas
as sated by Nandargi and Dhar (2011). According to these reyi@sWestern Himalayas
spanalongthe Western border of Nepaikewise,Dhar and RakhechHda981), Shrestha (2000),

and Lang and Barros (2004) identify Nepatlascentral HimalayasMoreover,Eriksson et al.
(2009) from International Centre for Integrated Mountain Development (ICIMOD), a regional
intergovernmental organisation working on different aspects of the Himalayas, and Barros and
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Lang (2003) identify the monsoon of Nepal spanning fromelo September. This period of
monsoon activity isinlinewitNa nd ar g i zamnd of Dércantrd Blimalayas.

Similarly, the National Disaster Risk Reduction Portal of Sikkim, which lies in the Eastern
border of Nepal, state the monsoon of Sikkpars from June till October. Likewise@n the

east of Sikkim the summer monsoon ranges from June till September in Bhataang, 2014)

and further east the monsoon ranges from June till October in Arunachal Pradesh(&TZdia

2011) According tothe monsoonal zoning of the Himalayas by Nandargi and 2bad) and
monsoonal activity in different regions of the Himalayas ranging from West of Pakistan to
Arunachal Pradesh in the East, the Himalayas can be zoned as Western, Central and Eastern
Himalayas. However, Karan (1966) tried to categorise the geograplunsed the Himalayas

based on human occupancy, societal features and terrain. The zoning of the Himalayas based
on the monsoonal activity as posited absve i ght | y di f Vveesiors Thavontyh Ka
noticeable difference is the central Himalayas sgems Uttaranchal till the eastern border of

Nepal.

The min gauge$ the Himalayan region are loosely dense and do not represent every area of
the uneven terrainThus, fnding satellite data as best alternate option Anders et al. (2006)
publistedthe precipitation pattern of the Himalayasagtigh spatial resolutionf 10 km scale

They report substantialvariability across, alongvith and within the Himalayan range but
consistent spatial patteduring their samplingeriod (199&001).Similarly, long-term palee
climatic studyshows both wet and dry period in the last millennifEriksson et aJ.2009.
Furthermore, Eriksson et al. (2009) repoutidg thelast few decadeshetrend of precipitation

is increasingn the Tibetan Plateau, eastern aedtcal Himalayas whil& is decreasing over

the western Himalayaslowever, Nepal Himalayas shawo longterm tend in precipitation
between 188 and 194.

In line with Bookhagen and Burban2006 s f j Amdeis at@l. (2006) also report steep
gradiert in precipitation pattern from the wet foreland in the east to the arid Tibetan Plateau in
the north and weslLikewise,Anders et aldefine the valley of the Tsangpo/Brahmaputra River

in the north of Bay of Bengal aszone of high precipitation and ribrto that as dry Higher
Himalaya in southern Tibethe variation in precipitation ieighbetweertheridges and valleys
along the strike of the range. A broad dodtéad of high precipitatioexistsin the southern
slopes of central and western Himaaywiththe first and second rise in topograpfAnders

et al., 2006) There is a clear indication in the literature that precipitation pattern in the entire
Himalayan region isctivdy controlled by topography but not by elevation (Bargosang,

2003 Barros, 2001

Moreover,Anders et al(2006)verify this fact with their theoretical model and Barros et al.
(2004) veriyy with remote sensingnethodand modelling othe cloud patterns in the central
Himalaya. However, Nandargi and Dhar (2DXktate that maximum rainfall occurs in the
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foothills of the Himalaydalso agreed by Anders et)asecond maximum near 2400altitude
and rainfall decreases when proceeded north. dédsease of rainfalinight be due tdhe
leeward side in the nortand can also be a case of undEpresentation of precipitation
measurement due to lack of required gaugedghermoreBarros et al. (2000), Lang and Barros
(2002) angBarros and Bng (2003) reveaioticeable variation in total seasonal precipitation
overthespatial scale of #m to 10km.

The simmer monsoon precipitation accounts for ~80% of the mean annual precipitation in the
frontal Himalayan stretch and the plains (Shrestha, 2000; Wulf 040 Panthi et al.2015).
TheCherapuniji in Indiawhich liesatthe foot of Eastern Himalayas the wettest place on the
Earth with more than 1@00 mm rainfall per year (Eriksson et, &009).In contrast, the water
precipitation from November to April varies drastically and are difficult to pre@atrfs,

2004. Wulf et al report winter precipitation to be approximately 60% of the total annual
rainfall in the Western Himalayas and the central Himalayakewise, Panthi et al(2015)

report it to be 26% athe annual precipitationThe winter precifiation occurs o the leeward

side of the Western and Centrahtdlayas.

Moreover, precipitation over the Western Himalagaswsan average cycle of 112 days of
evolution and decayDimri, Yasunari, Kotlia, Mohanty, & Sikka, 20L6Likewise, n the
central Himalayaghe monsoomrecipitationranges between 35460 cm witha variability of
larger than 100 cm over short distances of ~10 km (Barros 2080; Shrestha, 2000; La&g
Barros, 2002)Significantly, dout 40% of summeprecipitationfalls during 46 storm events

in boththe frontal Himalayan stretch arttie high Himalayas (Wulf et gl 2010).The plains
and lesser Himalayas have the highest number of rainyvdailes in the high Himalayas the
number ofrainy days is lowbut thetrend of intense precipitation is increasing (Panthi et al.
2015).

The onset of monsoon originating from the Bay of Bengal in eastern and central Hinaa¢ayas
equally strong up to 5000 m but timing and phase of precipitatianges above 3000 m
(Barros, 200% The onset of mwsoon in the central Himalayas show variation but the
withdrawal of monsoon shift by halfday per year (Panthi et £22015). Barros and Lang (280
report a newpatern of precipitatiorwhere the mansoon rainfall intensifeduring the night
time in high altitudes@000 m).Theysuggest that during the day thereisw convergence

of monsoonal flow due to slope-ipw and high conversion during the night du¢hiteabsence

of slope upflow leading to nocturnal peaks. Excdpt monsoonthe rainfall peaks duringthe
afternoon. Barros (Z®) report snowfall contributing 40% of annual precipitation in high
elevations of the Himalayas. This percentage increases with altitudesarahgly modulated

by interannual variations ranging from BD% of annual totals. Barroslso repors all
precipitationbelow 3000 msin aliquid form and Lang and Barros (2004) report snow accounts
for 17+11% of annual precipitation while increasing with elevation. Major snowfall events in
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the central Himalayas arrivegith western disturbances (Ladg Barros, 2004)Likewise,
Barros fnds snow a the windward sidef central Himalayas but alscmdhe leeward side
suggesting the trsport of snow due to its ligheight. Moreover, Barros alsoreports
insignificance ofain shadow during the winter as it is during the s@mperiod.

Various researctelatedto precipitation pattern fiuses only on certain parts of the Himalayas
which areentirely differentfrom other parts. Télimited focus of research arggnerates
differentresult of the region with standar@énsweythe precipitation pattern varies seasonally
Moreover, there is no observable trend in previous research to justify the use of either satellite
data such as the TRMM or the rain gauge data. Although research shows about 85 to 90%
coefficient of determin#on between the TRMM and rain gauge data, the sampling error of
satellite data is as high as 60% (Anders et al., 2006; Bookhagen & Burbank, 2006). Thus, the
usage of rain gauge data is efficient to explore ground reality. When comaiining findings

as discussed above the distribution of precipitatioa@intra-seasonal variation of monsoon and
westerly onsethevariability of convective activity and the terrain are intricately interlinked to
controlthe patterrand eventsf precipitation.

2.1.2.2 Extreme Precipitation Pattern

Nandargi and Dhar in 2011 analysed extreme rainfall event from 1871 to 2007 over the
Himalayan stretch. With data of 137 years (39890 in case of Nepal), they report the lowest
category (50<300 mm) of onélay extreme rainfall eves has the highest frequency in each
decade compared with other three categofB8F<400 mm©400<500 mm an€b500 mm).
Furthermore, they report oy extreme rainfall occurs mostly between the Siwalik and the
Great Himalayan range. The extreme evehfgecipitation also occur during the El Nifio year,

in wet as well as during dry years. However, Bohlinger and Sorteberg) (@@htion no linear
correlation between thel Eifio SouthernOscillation (ENSO)and the extreme events above

the 99" percentile, while the seasonal rainfall correlates with ENSO but extreme daily
precipitation does not in Nepal.

There is an increasing trend of extreme precipitation in Nepal from 1971 to 1990 with specific
extreme eents recorded in 1981, 1993, 1996 and 1998 (Chalise & Khanal, 2002)ise,
Baidya, Shrestha, and Sheikh (208&)ort an increasing trend of extreme precipitation events
for the period of 1962006 in 26 rainfall monitoring stations of Nepailirthermae, Shrestha,
Bajracharya, Sharma, Duo, and Kulkarni (20def)ort increase in precipitation intensity over

the Koshi River basin from 197210; however, the trend is statistically insignificant.
Similarly, Karki et al. (2017) report increase of extremecypitation in southern plains of
Nepal, middle mountains of western Nepal and high mountains of central Nepal along with an
increase of dry days over central and eastern middle mountains of Nepal fro20127/Based

on the data of selected 76 statioRarthermore, Bookhagen (2005) reports twofold extreme
precipitation events in the high Himalayas compared to the plains and the Tibetan plateau.
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Likewise, Bookhagen (2005) also finds more extreme events in the arid interior part of the
Himalayas compared the wet orogeny. Moreover, Nandargi and Dhar (2011) and Malik et al.
(2012) notice prominent peaks of eday extreme precipitation from 1951 to 2000 over the
Himalayan range. However, this can also be due to an increase in tyaugm network.
Additionally, Bookhagen et al. (2005) also report abnormal monsoon years in Baspa Valley
during 1957, 1968, 1978, 1990 and 2002.

The abnormal monsoon years are related to the onset of monsoon. Later the onset, violent the
monsoon. However, this phenomenon waswnad in the Himalayan fronts during the decade

of 19922002 but was intricate and unstable (Bookhagen et al., 2005; Malik et al., 2012). The
extreme rainfall events occur during the active monsoon period (Malik et al., 2012) but are
decoupled from annliar seasonal rainfall distribution (Bookhagen, 2005). Likewise, the
extreme precipitation events occur during the synoptic scale rainstorms, which are quite
different from the local convective events (Barros et al., 2004). Furthermore, Chalise and
Khanal (2002) and Nandargi and Dhar (2011) explored extreme precipitation based on four
categories, as mentioned above. However, extreme precipitation events are also explored by
using the above Y0percentile index (Bookhagen, 2010; Malik et al., 2012).

The exreme events during the winter period arrive with westerly disturbances and vary inter
annually and seasonally (Lang & Barros, 2004). Out of the total annual precipitation, 50% is
often recorded within ten days of the arrival of the monsoon period in NBpalal &
Hasagawa, 2008)Furthermore, Chaulagain (2006) report trend of faster increase of
temperature in high altitude compared to plains and, increase in days with intense precipitation
(>50 mm) while the decrease in th&less intense precipitation (<25 mm). Due to the climate
variation and widening of temperature, extreme events such as droughts and flash floods are
observed along with increasing glacier retreat rate (Eriksson et al., 2009). In general, the
extreme pregitation study and its relationship with the ENSO in Nepal has not received much
attention, while its status is still unexplored, and most of the research is only focused on specific
places or present only generalised findings (e.g., Barros & Lang; R@fg & Barros2004

Wulf et al, 201Q Karki et al., 2017, etc.). Intricate, unstable, complex and dynamic are the
common words associated with studies related to extreme precipitation pattern in the Himalayas.

2.1.3 Upstream-Downstream Linkage in the Himalayas

The increasing trend of extreme precipitation events and fluctuating precipitation pattern
impacts the runoff of a river within the catchment andailf et al, 2015). Moreover, the
theoretical concept of river runoff was traditionally static but recseiareh development focus
more on the inteannual variability of the river dischargeldrris, Gurnell, Hannah, & Petts,
2000 Bower, Hannah, & McGregor, 20R4The upstreardownstream relation asserts the
complex relation of the natural environment and aomactivity. Such complexity escalates
with anomalies of quagieriodic synoptic features of the elevated Himalayan swath related to
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inaccessibility, fragility and heterogeneity in the environment. The climate in the Himalayas
varies with elevation and inmes is unpredictable, too (Nandargi & Dhar, 2011). Within a
distance of 94120 km, Nepal varies from 60 m in the south to 8848 m in the north. Moreover,
the temperature decreases iy® wi t h an i ncr e dMaei, 18T). Ths Kk m
elevation gradient results in the climate to change quickly in different regions of the Himalayas,
resulting in sudden cloudbursts, high winds, or snowstorms, leading to quick floods and
landslides suggesting thumpredictability and dangerousness of the Himalayan climate. With

such sudden damages, the denizens downstream are also affected by various physical and social

activities conducted in the headwaters. This complex linkage of upstteamstream relation
Is presented in Figure 2.4 below and reviewed in this section.

Climate Change Human Activity

Temperature Precipitation Management
Snow & Glacier Land Use & Cover
Soil Erosion
Ground Water Runoff Water Quality

Figure2.4. UpstrearrDownstream linkages considering natural and human activity aspect (adapted and
modified from Nepal, 2012, and based on literature reviegladmratedelow).

2.1.3.1 Natural and Humanmade Impact of Land-Use

The vegetation, deforestation and terrace farming are the most influential-madartriggers

of variation in downstream river floyBronstert, Niehoff, & Burger, 2002} ikewise, the
increase in forest coverassociated with a decrease in river runoff (Nepal, 2012). Significantly,
the forest plays an essential role in evapotranspiration where water is lost through transpiration
of trees, leading to less runoff. In contrast, the conversion of forest to agatlahd responds

with increased runoffWilk, 2002) Moreover, the reduced infiltration capacity of the soil
impacts the downstream runoff. Similarly, the permeation of liquid into the soil by filtration
occurs during the intration process. This process occurs through soil compaction, erosion, or
increase in drainage capacity. However, generalising the relation of forest and soil with
downstream runoff can be misleadimyfijnzeel 1999 Food and Agriculture Organization of
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the United Nationsind Center for International Forestry ReseafehQ CIFOR, 2005). The
strong relation of forest and soil in reducing or increasing the runoff exists only in small basins,
on a local scale. This interrelation of human activity and adplrenomenon is still not clear,

but precipitation is the most important activity to shape the downstream river rBnodké,
Folliott, Gregersen, & Thames, 19@ruijnzeel, 1990Hannah et al., 2005

WuIf et al. (2015) found in the western Himalaydmt 55% of rainfall, 35% snow melt and
10% glacier melt were responsible for the downstream river disct@&rgigarly, Nepal (2012)
found in the Koshi river basin that 72% precipitation and 20% evapotranspiration are
responsible for downstream river flobikewise, Nepal (2012) also reports around 17% impact
of the glacier melts in the Koshi River basin. Moreover, Ragettli et al. (2015) report the
dominating influence of snowmelt during the winter and that of rainfall during the summer in
the Langtang védy of Nepal. Correspondingly, the pegisting saturated soil, precipitation
lasting for several days in the catchment area along with the melting of snow or ice develop the
long-lasting floods (Bronstert et al., 2002). Similarly, localised intense pratgn develops

flash floods. The former situation occurs in the plains of the Himalayas while the latter in the
hills and mountains.

Furthermore,Gaume and Payrastre (B)lstate rainfall intensity measured based on its
concentration over time in the veashed is directly related to the river discharge. Likewise,
Milliman (2001) states river discharge as a functiormafteorological runof{precipitation
minus evaporationand area of the drainage or catchment basin. Moreover, Milliman reports
existenceof some rivers such as the Lena and Yenisei rivers of Russia with low meteorological
runoff but high river discharge due their large catchment areas. Although, the impact of
precipitation on river discharge is well studied in Nepal, the relationship betsize of the
catchment area and river runoff intensity and frequency is still an issue to explore.

A general concept which prevails in the Himalayan region about mitigating inundate events by
afforesting might not be enough, due to stormy situationsatndasion of soil due to too much

water leading to reduced infiltration (FAO CIFOR, 2005). However, afforestation is improving
and maintaining soil fertility with an increase in infiltration capacity, which is beneficial for the
upstream environmerBruijnzeel & Bremmer, 1989) ikewise, soil erosion, as well as the

forest cover and lanrdse impact the runoff. Thus, denser forests in plains as well as in the hills
keep the soil intact while reducing the risk of soil erog®irestha, 1997Primarily, theriver
discharge rises during the monsoon from June and peaks during August and decreases gradually
till February in Nepal (Hannah et al., 2005).

The higher Himalayas with steep gradients have steady erosion rate directly related to the
precipitation rat€Gabet et al., 2008). The inverse ratio between sediment delivery and basin

size exists, making it challenging to notice the effect of erosion in large basins in short time lag
(Bruijnzeel, 1990). In the Himalayan region, the intense rainfall and higanstfiew rate
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reduce the opportunity to store sediment, thus making the process difficult to understand
(Wasson, 2003Furthermore, the higher Himalayas are the dominant source of sediment (80%
of total suspended sediment) hretdownstream rivers, increasing the difficulty to understand
the role of human activity in the generation of sediment ruftisson et al., 2008 he

alluvial fan of the Koshi River suggests that during et 220 years the river has shifted
laterally about 115 km as a result of sediment deposition (due to active upstream denudation)
and aggradatio(Sinha, Bapalu, Singh, & Rath, 2008)kewise,Bookhagen et al. (2005) also
report high denudation rate in low to medium elevation (3000 m) mountains of the orogeny
during abnormal climatic variation and such variation possess risk of channel erosion and
sediment transport which plays a fundamental role in shaping arid mountandssdpes and
fluctuates the downstream flow of the rivers. The high amount of precipitation during monsoon
over a short period in a concentrated area creates erosion, flash floods, denudation,
sedimentation and runoff (Ives & Misserli, 1989; Gabet eRADB). However, research related

to the spatial distribution of extreme river runoff events is negligible in Nepal. Furthermore,
Eckholm (1976) claims environmental degradation, such as loss of forest, biodiversity and soil
erosion, the dominant problerading to flooding in the Himalayan region.

2.1.3.2 Other Linkages

Temperature is increasing in Nepal, with an alarming rate @CQoér decade (1972000),

and the entire region of South Asia is expected to heat even more (Eriksson et al., 2009). The
Himalayan g¢aciers, which is the enormous ice mass outside the polar caps cover about 17%
out of the total landmass of the Himalayan region, are in high risk due to this warming trend
(Intergovernmental Panel on Climate Charj¢feCC], 2007). Furthermore, Nepal (2012)
reports the trend of increase of maximum temperature is faster than that of minimum
temperature in Eastern Nepal with the increase in evapotranspiration and snowmelt to disturb
the hydrological regime of the same area. Likewise, Nepal also reports teasmdn
hydrological flow in glaciefed and precipitation dominated river basins.

Furthermore, Eriksson et §d2009) confirm snowfall precipitation turning into rainfall due to
increase in temperature and faster formation of Glacier Lake increagiisyy iv$ the outburst.

The glacier shrinkage and formation of glacial lakes are highest here compared to anywhere in
the world. Thus, leading to an increase in shemn river flow, which in the longerm, will
gradually decrease (Eriksson et al., 200@)dmbination with intense precipitation, which is

also in an increasing trend, the glacial melting is triggering flash floods and debrigHiewist,

2005) However, this phenomenon has not been quantified yet while cangidee physical
interaction involved in melting process affecting stream flows and several runoff components
(Singh & Jain, 2006tmmerzeel, Beek, Konz, Shrestha, & Bierkens, 20TRe melted form

of water is essential in the western Himalayans morettigalBast because there is less monsoon
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precipitation in the west but has comparatively higher winter precipitation in the form of snow
(Immerzeel et al., 2012).

The socieeconomic activities such amsigration and development also impact the upstream
downstream discharge linkage. Primarily, commodity transfer and utilisation of available
natural resources for production and exchange are the primary result of migration, which creates
change in the landse system(lves, 2004) Similarly, infrastructure development, which
generates development opportunities, also affect natural systems, but due to inaccessibility,
these activities are limited in many parts of the Himalayan range. Furthermore, economic
dewelopment influences the consumption of more products such as agricultural, and the
magnitude and process of their flow impact the sustainability of the réipdha, 1997)The
upstream and downstream communities are related by trade where the upstream community
provides ecological services to the downstream community while the latter provides trade
opportunity to the former creating a vital link between physical and smoimomic aspects
(Jodha, 2000)
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2.1.4 Flow Chart of Precipitation and Upstream-Downstream Linkage Review

Precipitation and Upstreaidownstream Linkage
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2.2 Review of Environmental Education and Attitude

Environmental education affects the environmental attitude and environmental attitude
influences preenvironmental/adaptive behaviour (Meinhold & Malkus 2005; Johnson &

L i n | 20¥5aThus, exploring both education and attitude is essential to compiretadmch
direction the population is heading towards. Since this research takes place in rural Nepal, this
review explores the existing literature on the state of environmental education content in Nepal
and the environmental attitude of the Nepalese @mldMoreover, the relationship between
attitude and behaviour ranges from low to moderate (Hines et al., 1986/87). A prevailing
hypothesis suggests that the single dimensional construct of the attitude is responsible for the
low to moderate relationship/fifont & Duckitt, 2004). Therefore, against this knowledge, this
subchapter also reviews the existing literature on the construct of attitude and its relationship
with education and behaviour. Furthermore, this review also explores a tool to analyse the
environmental attitude of the children, theMEV. Finally, this subchapter outlines the
observedleficiencies and future research needs

2.2.1 Education in Nepal

Durbar High School was the first formal school of Nepal established in(¥88a@d, 1959) It

was open only for the ruling elites, the Rana family of Nepal. Before 1892, the Gurukul was
thedominatingeducation system in Nepal. The Gurukul is a South Asian or Hindu residential
schooling system where student lives with the Guru (teacher) for educatigachappilly,

2003) Furthermore, education during this period was mainly about the Hindu way of life,
following the scriptures of theoHi ndaoi emuc
what a child learns to ascertain different ways for future living. For this research, the term
Aeducationo refers to the knowledge gained
primary, secondary and higher education. Likewise, tht er m fAschool -0 i mp
controlled public (government funded) and private schools.

2.2.1.1 History of School Education in Nepal

In 1951 the Rana regime was dethroned from
blocking access to education tbe citizens of Nepal also departed. Before that, there were six
high schools in Nepal, out of which four were inside the Kathmandu Valley and one college
(Koirala, 1996) Great thirst foknowledge was observed by 1954 as 1g0Mary schools, 83

high schools and 14 new colleges came into operdarod, 1959). In 1954 the National
Education Planning Commission was formed in Nepal, which developed the first education
development plan and was implemented in 1956. Thisfplawses orthe central purpose to

raise production, employment, standards of living and generatbeely throughout the
country, thus opening out to the opportunities for a richer and more satisfyi(idiliigtry of
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Education of Negl, 1956) There was an existing idea to catghthe industrialised countries
through education. However, the traditional knowledge base was rejected by saying it was not
appropriate for growth and developméNepal NationaEducational Planning Commission,
1956)

The 1956 first plan of education in Nepal, had a clear message to move forward towards
technology and modern education. From 1956 till date, there have been fourteen periodic plans
by the National Planning Commissionof Nepal (NPC). The general message regarding the
education of all these plans is, the key to development is education. The education plans of
1971, the tenth plan (20827) and twelfth plan (20202) emphasise education as a means for
al-round development, economic and social transformation of the co{ifergjuli, 2014)
Furthermore, primary education (grad&)lwas available for free and was compulsory in 1975,
while by 1991, this facility was increasadtil grade 6 (Keinath, 2004).

Table2.1. Increment in schools from 1991 to 2013/14i(€@alBureau ofStatistics of Nepal1991and
2014).

Type of Schools 1991 2013/2014
Primary Schools 14,500 34,743
Lower Secondary Schools 3,964 14,867
Upper Secondary Schools 1,953 12,322
(Secondary Schools + Higher Secondary Schog

The schools started to increase after the 1980s when new education plans focused on meeting
the basic needs of the people, thillswing private schools to open (Keinath, 2004). The new
education plans (twelfth, thirteenth and fourteenth) focuses on the enrolment of students in each
grade, literacy rate (able to read and write), inclusion, opportunity and rate of graduation (NPC,
2012; 2017). The fourteenth (current) national plan for education sets three goals and three
objectiveg(NPC, 2017).

Goals:

1 To provide the necessary education, vocational education for all and develop practical
teaching methodology.

1 To provide education aocding to the need of the country.

1 To increase vocational education for employment aneeseffloyment opportunities.

Objectives:

1 To make education affordable, skilful, contemporary and high quality for all.

1 To reach all the citizens, if necessary, by gsihe alternative education system to
provide education and vocational education.

1 To improve and instigate educational administration.
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It is clear from these goals and objectives that the plan is to provide education for all in any
form available. The foweenth national plan for education is in line with thestainable
DevelopmenGoals (SDGs) 2015 (NPC, 2017). There are 17 SDGs out of which one is about
education(United Nations, 2017)The SDG 4 ensures inclusive and equéajuality education

and promotes lifelong learning opportunities for all. Its main goals are:

1 Ensure that all girls and boys complete free, equitable and quality primary and
secondary education leading to relevant asefullearning outcomes.

1 Ensure equal access for all women and men to affordable and quality technical,
vocational and tertiary education, including university.

1 Increase the number of adults who have relevant skills, including technical and
vocationalskills, for employment, decent jobs and entrepreneurship.

1 Ensure that all learners acquire the knowledge through education for sustainable
development and lifestyles, human rights, promotion of peace, global citizenship and
cultural diversity.

Table2.2. The dronological highlight of inception of major educational activitredlepal(modified
from Aditya, 2003).

Year Established or Incepted Activity

1918 Tri-Chandra College Established

1930 AyurvedaCollege Established

1942 Technical Training School Established

1948 Bachelor of Science course started

1952 Central Library

1954 National Education Planning Commission

1956 Multipurpose Vocational Education and First Curriculum Programme Star
1957 College of Education

1959 Tribhuvan University Founded and First R@tduate Classes Start
1962 UN Report on Education in Nepal

1964 Nursery Classes Start

1967 National Education Advisory Council

1971 Curriculum Development Centre and N&ducation Act

1976 PHD in Science and Technology Starts

1978 B.Sc. in Agriculture, Engineering and Medicine

1978 National Literacy Programme Starts

197980 Private Schools and Campuses are Permitted to Operate

1986 Mahendra Sanskriniversity Established

1991 Kathmandu University Established

1992 Nati onal Education Commi ssionds [}
1993 Purbanchal University Established

1996 Policy on Special Education

1996 Pokhara University Established

2004 Lumbini BuddhistUniversity Established

2010 Agriculture and Forestry University Established
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2010 FarWestern University Established
2010 Mid-Western University Established

Table 2.2 shows thbrief history of major educational activities in Nepal. In 208ghool

Sector Reform Programme (SSRP: 2@045) was initiated by the @ernment ofNepal
(GoN)to restructure school education by integrating different levels into primary education and
secondary education along with one year of early childhood edueattbdevelopment at the

age of 4 as seen in Table 2Ministry of Education of Nepal, 2009)he main aim is to increase

the retaining rate of students and overall enrolments. There was no vocational education option
at theschool level before, but now there is an option to enter the vocational stream at grade 9.
This new education system allows the student to enter tertiary education after one year of bridge
education.

Table2.3. Comparison of old school structure and new school structure

Age Grade Old System New System
16 12 , .

15 11 Higher Secondary Education Secondary
14 10 Secondary Education Education
13 9

12 8

11 7 Lower Secondary Education

10 6

9 5 Basic Education
8 4

7 3 Primary Education

6 2

5 1

4 PrePrimary Education / Early Childhood Development

In recent years the enrolment rate in schools and tertiary education are increasing (NPC, 2017)
but there is still 60% dreput inprimary schools as of 20@®nta, 2000)Likewise, the gender
disparity also exists with 75.1% male being literate compared to 57.4% female irC2oith(

Bureau of Statistics of NepaCBS], 2014). Moreover, thgeographical disparity of literacy in

2011 between urban (82.2%) and rural (62.5%) areas is also evident (CBS, 2014). The literacy
rate was 65.9% out of the total population in 2011 (CBS, 2014). Keinath (2004) considers
household duties, teaching methadirting of teachers, sparsely located schools in rural areas,
and malnutrition as major hurdles towards school attendance.

There are private and public funded schools in Nepal. The private schools duendedf,
usually from the esfees dmedmdvenioretresources compaiedtd puldic h
school, creating a disparity between different school goers (Keinath, 2004). Thus, limiting
guality education to wealthy students (Shrestha, 2002). However, there is also an opportunity
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to attend norformal education, such as out of school programme for those who cannot attend
primary school. Different neformal education centre organises such programmes and
provides equivalency to school education up to grade 10. In 2011, tHernmal education
progranme benefitted 4.15% of Nepalese citiz€dBIESCO, 2015)

2.2.1.2 The Curriculum of School Education and its Development in Nepal

The CurriculumDevelopmentCentreof Nepal(CDC) develops the curriculum followed in the
schools of Nepakccording toCDC (2012) curriculum is revised every five years and updated
every ten years. The National Curriculum Development and Assessment Council formulates
the curricular policies while the CDC implements (€DC, 2007) The CDC collects
recommendabns and suggestions from the curriculum development committee, the curriculum
users, related workshops and the civil societies for the development of the curri@dn (
2007). The structure of the curriculum development committee varies on the swjert b
either compulsory or optional. The curriculum development committee to validate the
curriculum of compulsory subjects includeC, 2012):

Specific expert of the subject or head of CDC as the chairperson of the committee.
Education expert of the sulsjefrom a university as a member of the committee.

CDC6s head of the department of the rel a
Two experts on curriculum development or authorised personnel from CDC as a
member of the committee.

5. Three teachers of theelated subject (including at leashewoman teacher) as a
member of the committee.

P wnPRE

6. Authorised personnel related to the subject from the CDC as a member secretary of the
committee.

7. Based on the nature of the subject, three more related experts cantée lyihe
committee.

The Nepali and English language, social studies, mathematics, science and environment, health
and physical education, Sanskrit language and moral education are the compulsory subjects.
However, there are optional parts within thesbjestts, and the same committee provides
recommendations and validity. Likewise, social science, mother tongue languages, vocational
education and religious education are optional subjects in the school curriculum of Nepal.
Similar to the curriculum developent committee of compulsory subjects, there is a curriculum
development committee of optional subjects, and it inclu@esC( 2012):

1. Specific expert of the subject or head of CDC as the chairperson of the committee.
2. Teacher of the related subjectfroomani ver si tydés rel ated dep
the committee.
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3. Two teachers of the related subject (including at l@@stvomanteacher) as a member
of the committee.

4. CDC6s head of the department of the rel:

5. Expertof the related subject or authorised personnel of CDC as a member of the
committee.

6. Authorised personnel related to the subject from the CDC as a member secretary of the
committee.

7. Based on the nature of the subject, three more related experts can & lpvihe
committee.

The CDC (2012) explains the basis, source and process of curriculum development in Nepal.
The moral basis and source of curriculum development are constitution and law, history, eastern
philosophy, psychology, social and geographieatdrs. The law and order, need of student

and society, binding national and international treaties, political situation, recommendations
from various stakeholders and experts, recommendations from district curriculum committees,
conventional need, innovato n s , findings and reports on
programmesod and curriculumsd performance t
curriculum. Likewise, study and research, continuous development of the curriculum and its
evaluation are he three significant steps in the development of the curriculum, which
incorporates eight critical points as mentioned below.

1. Identifying the need for curriculum.

2. Objective.

3. Selection of topics and stibpics of the subject.

4. Organisation of topics.

5. Selecton of teaching method.

6. Organising teaching method.

7. Analysing studentdos progress.
8. Improving the curriculum by revision.

The developed or updated curriculum is sent forguauation to selected regions/schools, and

the feedbacks are incorporated in theaficurriculum of the subject. The local ndmked
education is also acknowledged by the national curriculum framework of N&p&l 007).

It stresses on developing a guiding principle to incorporate local contents of the region,
selecting subjects ants contents, localise centrally prescribed subjects using instructional
activities and develop and manage a curriculum at the local level to address relevant issues.
Furthermore, a committee can also be formed in the district level or regional level to
recommend local contents for a subje€DC, 2012).

Moreover, there is also a provision to add 20% local contents in social studies, creative arts and
physical education and as well as an entirely new subject, however only in primarg@@el (
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2007). TheCDC (2007)admits several challenges such as human resources, training, conducive
environment and institutional mechanism to develop and implement local contents in the
curriculum. Likewise CDC alsoadmits that the process above of curriculum development i

Nepal is not based on educational research and stresses the need for more educational researcl
for capacity building to develop a viable curriculum. The outline of curriculum structure based

on subject areas for schools of Nepal is presented in Tahibe@w.

Table2.4. The current curriculum structure of Nepal as adopted €@€ (2007).

Level StageStream | Major Learning Area Subject
First  Stage LanguageMathematics, Integrated curriculum with a

(Grade 13). | Social Studies, Creativ] activity book covering major are
Arts and Local need of learning.
based education.

Second Stag{ Nepali, English, Compulsory: Nepali, Englis
(Grade 45). | Mathematics and Socii Mathematics and Social Studies
Studies. School can select two local neg

Basic based subjects.
Education Note: Social Studies should |
(Grade 18) local neeebased and should &

integrated with Science and Hea

and Physical Education.
Third Stage LanguageMathematics| Compulsory: Nepali, EnglisH

(Grade 68). | Social Studies, Scieng Mathematics, Social Studies a
and Local Subject. Science.

Optional first: Language / Otherg
Optional second: Local subject.

General Language, Science
Stream Mathematics, Socig
Secondary ,
_ (Grade 912). | Studies and Locqg
Education :
Subject.
(Grade 9 _ .
12) Vocational Agriculture,  Forestry
Stream Medical, Engineering

(Grade 912). | etc.

As mentioned above, there are several challenges to develop and implement a viahéseded
curriculum in the current scenario of Nepal. Due to such limitationged subjects without

many choices of optional and local subjects/contents are follolwedighout the schools

(public and private) of Nepal. From 2000 to 2017 the subjects taught to students of grade nine
and ten has not changed and can be seen in Table 2.5 below. One exception between the exarr
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mark sheet of 2000 and 2017 is the change idiggasystem from numerical marks to grades
(A+ to E), in 2016, after the eighth amendment of the EducationglGaternment of Nepal,
2016)

Table2.5. Subjects taught to schodiitdren of grade 9 and 10 in Nepal.

Subjects Weightage | Full Marks Highest Grade

1. Nepali 5 100 A+

2. English 5 100 A+

3. Mathematics 5 100 A+

4. Science 5 100 A+

5. Social Studies 5 100 A+

6. Health, Population and Environme 4 100 A+

7. Optional | 5 100 A+

8. Optional Il 5 100 A+
Total 39 800 -

2.2.1.3 Environmental Education in Nepal

As stated by the World Commission on Environment Development (WGE&9nvironment

does not exist as a sphere separate from human actions, ambitions, and needs and is where we
all live (WCED, 1987).The ceteriorating environmest as seen todayare due to the
exploitative utilisation ofthe natural resources biyhe humars. This situationis commonin

Nepal too Jha (2007) reportheloss of forest, loss of biodiversity, soil erosion, air pollution,

water pollution and solid waste as common environmental problems of NRgssarchers

believe environmental education is thesnwiable tool to tackle environmental degradation
(Alerby, 2000; Sudarmadi et al., 200Lpughland, Reid, & Petocz, 20P2The term
environmental education is widely used since the late sixties. Furthermore, the earth summit in
1992 ratified Agenda 21, vith is the guideline for sustainable development in tiec2tury.

The United Nations Conference on Environment and Development (UNCED) states education
as, Acritical for promoting sustainable de
address environment and de vGhapemp3t efmperai2k s ue s
appeals to the countries around the world to incorporate environment and development issues
in their education system (UNCED, 199ZFollowing this development, the concept of
environmental education took off in Nepalese education. EnvironmentaltieducaNepal

aims to make individuals aware of their environment and its problems and helps them to
understand the effect that human choices have on the environment (Karki, 2000).
Environmental education has been part of the national curriculum in Nlepalits instigation

after Agenda 21 in 1992.

The United Nations Education, Scientific and Cultural Organisation (UNESCO) and United
Nations Environment Programme (UNEP), (1994) regards environmental literacy as the goal
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of environmental education. The dga# environmental education is further elaborated as,
Afai ding | earners in becoming environment al
dedicated human beings who are wiping to work, individually and collectively, toward
achieving and/or maintainirg dynamic equilibrium between the quality of life and quality of

t he envir on mg&MEP01994AIN EeWise, the official announcement of the
United Nations Decade of Education for Sustainable Development-@I§ focuses on

holistic and intergciplinary methods to develop the knowledge and skills needed for a
sustainable future to address required changes in human values, behaviour, and lifestyle instead
of a universal model of environmental educati@andvlet & Fisher2007) Furthermore, the
government of British Columba from Canada, based on consultation with their stakeholders,
suggest principles for organising and conceptualising environmental education. These
principles facil it atrespossible dcdon towabds thenetwaronmenta n d i
which is influenced by their belief system and personal limitations, by encouraging students to
understand the issue, their personal values and conflicting values of the community members
(British Columbia Ministry of Education, 2007¥oreover, Kathmandu University School of
Education from Nepal (KUSOED) also recommends these principles as the framework for
environmental education or sustainable development educé#okhrel, 2014) These
principles of environmental education are a combination of complexity, aesthetics,
responsibility, and ethics.

The complexity addresses interrelatedness of natural systems, and human interaction to affect
those systemsnlgeneral, it addresses that life on earth depends on, and is part of, complex
systems. Moreover, the relationship between culture, social values and nature are also part of
this principle. Likewise, aesthetics focuses on environmental awareness angmevntlof an
aesthetic sense of respect and appreciation of the natural environment. Thus, environmental
awareness leading to aesthetic appreciation relates to environmental issues and motivates
students to express their appreciation through various mediliims third principle,
responsibility, includes issues regarding the impact of human decisions and actions on the
environment. These issues not only discuss the limitations of natural resources but also the
responsible role of legal aspects such as lawgavernments. Lastly, the principle of ethics
addresses taking responsible action with positive environmental values. In general, the ethics
part covers issues of crisis arising from personal or communal value systems, how the attitude
and perception aranfluenced by the society, the formation of values, and need to question
values for the benefit of the environment.

Furthermore, the UNESGONEP (1994) has set goals of environmental education, which are
derived from the objectives included in the Thiligir@erence Report of 1977 and presented in
Table 2.6 below. The Thilisi Conference was the #&n&r intergovernmental conference on
environmental education organised by the UNESCO and UNEP in 1977. Likewise, along with
the principles of environmental edaton, the KUSOED also recommends these four goals for
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Nepal 0s

environment al and sustainabl e

deve

goals consist of the aspects of cognitive knowledge and skills within the scope of environmental

literacy. Out othe four goals, the first is the ecological foundation level. Alike the first principle

of environmental education, this goal also covers the issues of interrelationship in nature along
with the major concepts of ecology.

Likewise, the second goal is thenceptual awareness level. The understanding and awareness

regardi

environmental issues and solutions along with alternative solutions, are part of the second goal.

ng the i mpact of humansé acti vi

ti

€es

The conceptualisation of awareness is also identical in both the principles and goals of
environmental education. Similarly, the third goal is the investigation and evaluation level. The
instructions related to the third goal address issues of knowledgilirapglication for the
investigation, and solution, including the alternative solution of the

environmental issues. Finally, the fourth goal environmental action skill level focuses on

identification,

citizenship action such as consumerism, politicsalleggtion, and cultural implication to
resolve environmental issues.

Table 2.6. Objectives of Environmental Education recommended by the Thilisi Conference on
Environmental Education in 1977 (adapted fieokhrel, 2014).

Objectives Actions

Awareness To help society and individuals acquire an awareness of and sensitivity to th
environment and its allied problems.

Knowledge To help society and individuals gain a variety of experience in, and aego@sc
understanding of, the environment and its associated problems.

Attitudes To help society and individuals acquire a set of values and feelings of conc
the environment and the motivation for actively participating in environm
improvementnd protection.

Skills To help society and individuals acquire the skills for identifying and sol
environmental problems.

Participation | To Provide society and individuals with an opportunity to be actively involvg
all levels in workingowards the resolution of environmental problems.

According to the CDC (2011), education related to the environment and local surroundings start
from the basic level and are part of the compulsory subjects. Likewise, the related contents of
the environmet are integrated into the core subjects of science and social studies. The

environmental knowledge, degradation, and conservation methods are the focus area of

environmental education in Nepal. Environment education is part of social studies until grade
8. Specifically, the diurnal cycle, coordinate systems, natural resources, geography of Nepal,

the geography of other continents, mapping, global warming, and disaster management are the

content of environmentelated subjects till grade 8. Likewise, fromade nine till ten, the
environment related contents are part of health, population and environment subject. The
students are made familiar with the environmental resources of Nepal, the geography of Nepal

in detail, conservation of the planet earth, bredsity, and environmental health. However, an
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optional subject named environmental science can also be chosen by the student at the
secondary level based on her or his interest and based on the availability of the course in the
respective school. In thisubject, students are made familiar with the physical, chemical,
biological, natural, socieconomic, and health aspect of the environment. The inclusion of
environmental education contents in different subjects and levels indicate an interdisciplinary
andholistic approach to address environmental literacy in Nepal.

However, as aforementioned, the centrally organised curriculum development and its
evaluation have uniform characteristics throughout the couB®C( 2012). Keinath (2004)

reports the impaaif such a curriculum, which happens to be one of the few available research
in the context of studentsd perception of t
bet ween the studentsd environment anethatenvir
explores environmental perception only in the context of knowledge about the environmental
problems. However, there is no research in Nepal till date, which explores the inclusive
approach of perception, such as the willingness to manage the kveglsturces to maintain

a balance in nature. Since this is the fundamental idea of sustainable development, and as we
have entered the SDGera(28® 3 0) , focusing on the student
is essential. Even with a regular curticu més content, a student
knowl edge. The i mpact of this content to af
in general needs further exploration.

Moreover, notableNon-GovernmentalOrganisations (NGO) are working to irrporate
environmental education in the nformal education programme. The Nepal Forum of
Environmental Journalists (NEFEJ) is one such NGO which produces media materials for the
children and adults related to the environment. Likewise, the EnvironmeatapsCfor
Conservation Awareness (ECCA) holds day camps for school children specifically focused on
environmental education. These, however, is not available throughout the country.

2.2.2 Relation of Environmental Attitude, Education and Behaviour

The environmeral attitude is a psychological index and covers most research in the field of
environmental psychology and perception (Milfont & Duckitt, 2008¢hultz, Shriver,
Tabanico, and Khazigi2004,p.31def i ne environmental atstitud
affect, and behavioural intentions a person holds regarding environmentally related activities
or i ssues. 0 Li kewi se, Mi | font and Ducki tt
psychological tendency expressed by evaluating the natural environmiersiowie degree of

favour or disfavourHines et al. (1986/87) in their metaalysis analysed and synthesised the
identified variables in various environmental psychology research (n = 128) from 1971 to 1987.
They report attitude as a psyebocial variableof pro-environmental behaviour. Furthermore,

they conclude that attitude is the third most crucial variable of behaviour (r = 0.35) compared
to verbal commitment (r = 0.49).
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Moreover, out of the various models proposed to explore the relation of enviraheititude

and behaviour, Bamberg andoser (2007) discuss noractivation mode(Schwartz, 1977)

and theory of planned behaviddjzen, 1991) The former postulates psmcial motive while

the latter suggestself-interest to influence prenvironmental behaviour. Furthermore,
Bamberg and Nser extend the metmnalysis of Hines et al. (1986/97) by focusing on
environmental psychology research from 1995 to 2006 (n = 46) and conclude that pro
environmental behagur is a mixture of selinterest and prgocial motives. Likewise, they
report a complex arrangement of selierest and prsocial factors (problem awareness,
internal attribution, social norm, feelings of guilt, perceived behavioural control, attitoda!,

norm and, intention) responsible for predicting-provironmental behaviour. Similarly, various
research indicates a significant relationship between attitude and behaviour. For example,
Meinhold and Malkus (2005), and Johnson dnd n | (20d53 reprt proenvironmental
attitude moderated by environmental knowledge can effectively prediegtnmimnmental
behaviour.

Furthermore, Kaiser et al.1999 report the environmental attitude as a construct of
environmental knowledge (factual knowledge), eowmental values (normative knowledge),
environmental behaviour intention, and responsibility feelings. These constructs can predict
ecological behaviour. Likewiseftar areview of 109 studieAjzen andFishbein (1977) find

closer the targetaction andreference components are, the more likely attitude will predict
behaviour. Moreover, Kibbeet al.(2014)reporta positive attitude of the population towards
nature influencing the pro-environmental behaviour. Similarly, Milfont and Duckitt (2010)
refer to various contemporary environmental perception theorist observing environmental
behaviour interacting with environmental attitude. Likewise, an opinion survey by the European
Commi ssion in 2008 show a positi witudetothe el at
environment and extent of education. In addition to that, the level of education has repeatedly
shown to be a good predictor of environmental attitude in Western Europe (Bogner & Wilhelm,
1996; Bogner &\Viseman 1997).

The research above @rres attitude as a om@mensional construct while a new theoretical
construct of a mukidimensional view of environmental attitude has emefgaikie, 1992)

Blaikie (1992)uses established item scales, and factor arciysam to come up with seven
first-order factors which represent the general ecological viewpoints. Based on this
development, Bogner and colleagues in the late 90s and early 2000 extend the concept of multi
dimensional view of environmental attitude (Begr& Wiseman, 1997; 1999; Wiseman &
Bogner, 2003). There experimentation on the Western European populatib® y&ars old)
throughout their series of research led to the developmeiitvofDimensionalModel of
EcologicalValues (2MEV). The 2MEV has two higher order orthogonal factors, each based

on biocentric and anthropocentric worldview, respectively. The higher order factors include the
sets of primary factors. Furthermore, the two higher order factors were negatively correlated
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with each other andlere named as Preservation and Utilisation. The higher order factors were
referred to as values under which the sets of attitudes were considered as primary factors. The
attitudes were considered traits while values as types of traits (Wiseman & Bodbi&x, 20
Likewise, the negative correlation between these two values means that a person can hold both
values; this was quite different from earlier constructs of environmental attitude.

Since its development, theN2EV has been successfully used by varioseagchers to explore

the link between education and attitude. Till date, as aforementioned, most research has found
that education can influence attitude. However, these researchers have explored the relationship
between education and attitude based oheeita shorterm environmental education
programme or an extra curriculum educational programme. For example, Johnson and Manoli
(2008) explore this relationship based on an education programme of five days while Johnson
and Manoli (2011) explore it basesh two educational programmes, one was a three days
programme while the other was a five days programme. Simil&dgineller, Johnson, &
Bogner (2013jhad a treatment group of students who met weekly to attend an extracurricular
course over one year. Liese, Bogner, Johnson, Buxner, and Felix (20&%plore this link

based on a muhilay educational programme. Thus, exploring this relationship based en long
term environmental education content, usually followed at schools over a semester or a whole
year,is essential to analyse the accessibility of HMEV tool.

Although Bogner and colleagues crasdidated the construct of environmental attitude
proposed by MEV (Bogner et al., 2015) Milfont and Duckitt (2004) question the theoretical
construct of tw orthogonal dimensions based on the reported significant correlation, five
primary factors under two higher order factors suggesting unbalanced attitudinal subscale,
biased trait of items under primary factors including discriminant validity of highear ord
factors, using eight primary factors to come up with two higher order factors and later limiting
to five primary factors in the proposed model, and using less adequate statistical test. However,
Milfont and Duckitt successfully conduct experimental gsial and theoretical discussion to
validate the twaldimensional construct of environmental attitude, thus strengthening the new
construct of environmental attitude (cf. Bogner et al., 2015). Nonetheless, they gtiesben
dimensionality of environmentaittitudeto be consistent all over the world, specifically the
norrindustrialised countries, while referring t@orratVerdugo and Armert i z6s ( 20C
findingswhich support theiargument witha high positive correlatiobetween the pruman
orderand the preenvironmentabrderin Mexico. These findings stress thatV?EV can be a
standard tool for the whole world, but local factors should be considered before using it
(Schneller et al., 2@). Thus, analysing the envimmental attitude of Nepalese children using

the localised and verified-RIEV is essential to understand the variation of the construct of
environmental attitude in different parts of the world with different social, economic and
environmental structure. Ahg with Milfont and Duckitt in New Zealand, Johnson and Manoli
(2008) in the USA, and Boewte Pauw and/an Petegem (2@} in Belgium also individually
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validate the new construct of environmental attitude proposed by-MiEV2model. Lately,
after the logitudinal (8 years) validation of theMEV in the USA, the multdimensional
construct of environmental attitude is well founded (Bogner et al., 2015).

2.2.2.1 A Tool to Analyse Environmental Attitude: 2-MEV

The research on undganding environmental attitu@ed valueis going onover thelastfour
decadesAjzen & Fishbein, 1977; Hines et al., ¥387, Bogner & Wilhelm, 1996Johnsor&

Manoli, 2011 Bogner et al., 20)5A common problem with these research was the lack of
standard, psychometricalgound measement tools. Most researchers developed instruments
specific for theirstudy but nota general measure of environmental percetidohnson&

Manoli, 2008). To address this issue, Bogner and Willi2886) developedheEnvironmental
Perception (ENV) Sdain 1996 leading to the identificationd®vo di mensi ons, Op
and 0 ut,andihedwotDimensionalModel of EcologicalValues (2MEV) (Bogner &
Wiseman, 19992002 2006.

Bogner& Wilhelm in 1996 gathexd and integraté as many items as possible from earlier
studesin their analysisA psychometric technique by using factor analysis was developed to
analyse the item3he items wer¢ghensummarisedindertwo dimensions, which had different
factors under them, and eaelttor was aattitude.The principal component analysis was used
during the factor analysis process to sort the items as the attitudes (Bogner et al., 2015).
Attitudes were named according to the type or theme of ifEnesobtained items under themed
attitudes were developed based on meaningful discussions covering the aspects of ecological
and environmental attitude (Wiseman & Bogner, 2008)ing their researchthe items were
updated and verified by Bogner and colleagues to reach a reliable stagallégetmal., 2013
Bogner et al., 20)5Based on the response of sample population, children betwesd 16

years old, the firstscale describing environmental attitudes and its contribution to
environmental values of the sample population were phddigBogner& Wiseman, 1999;

2002; 2006).

The items were subsequently modified then adjuatetitested for use in other parts of the
world, including New Zealand, Mexico and the United Statesome cases, the scale was
translated into other languages, with careftiention given to its transferability into other
languages without losing italidity as well ageliability (Schneller et al., 2013} he dtitudes

werethe primary factors andalues were higheorder factorsTwo orthogonal higher order

factors which encapsulated set of the attitudes nafedgervation (P): a biocentric dimensjon
andUtilisation (U): an anthropocentric dimensj@tficitedfromBo gner an dstudes!| | e a
The2-MEV Scaleis specially designed to understand the environmental attitudes and values

of children11-16 years of age (Schneller et al., 2013)
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The dichotomous biocentric and anthropocerntmgension reflec conservatioptotection of
the environmen@nd utilisation of natural resourcesespectively In 2003, Wiseman and
Bognerreportthe P and U were uncorrelated. This means that a persold bavea high
preservation value of the environment atthe same time can hawehighutilisation value ®
make use of natural resources too. This pgiatprimaryadvantage othe 2-MEV over other
psychometric toolas remarked bpoevede PauwVan Petegem and colleagues (2006, 2010,
2013). In most studies using theVIEV Scalethe P value consists tiree attitudesntent of
Support, Care with Resourcesid Enjoyment of Nature. The U value consistsvof attitudes:
Altering Nature and Human Dominance.

Eachattitudehas 34 items,and eaclitemhasa 5point Likert typerespnsescale ranging from

1 (strongly disagree) to 5 (strongly agree), with 3 (not sure) representing a neutral position. In
preservation, a mean above & gositive value towardthe preservatn of naturelikewise, a

mean above 3 in utilisation &pogtive value towards utilisation ghenatural resources. This
relatiorship betweenP and U in the MEV is shownin Figure 2.6 The 2MEV model is
independently verified by Milfonand Duckitt (2004) in New Zealandphnsorand Manoli
(2008,2011) in thdJSA, Van Petegem and colleague8elgium (sea@bove) and successfully

used in Mexto by Schneller et al. in 2013 confirming the initiative of the structureMEY

model.

Preservation (+) Concern

Utilisation (-) Apathy Utilisation (+) Concern

P-U- P-U+

Preservation (-) Apathy
Figure2.6. Two-dimensional moel of ecological values (RMEV) (Wiseman & Bogner, 2003)

2.2.2.2 Environmental Attitude of Nepalese Students

The school curriculum of Nepal elucidates primacy on the content rather than the need of the
students (Keinath, 200 4) portskhe impattofhcentralised ahde r n
uniform curriculum on the environmental perception of children. She reports no connection
bet ween the studentso6é environment and envi
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Eastern Nepal. The environmental problemsist udent sé mi nds were re
even when they were living in rural areas. As the textbooks are the product of a centralised
curriculum development system, they depict urban but not local environmental problems. Thus,

s he f i ndlackaf aindedsamdingsobtheir local environmdfginath alsanentionghe
textbooks of environmental education focus more on the problems rather than solutions and
students should understand the solutionttst they can act better towardie solutions.
Moreover, she identifies the theoretical orientation of the content in the classroom and lack of
training for the teachers to conduct the curriculum in the classroom effectively and
understandably.

Keinath refers to various researchers about
state that little to no attention given to the perception of the students about how they see their
environment and what they understand as their place in iléR&aKarki, 1998; Hikawa, 1999;

Pande et al., 2001). The rural students in Nepal are living and working closely with nature,
indulging in activities such as agriculture, seasonal farming, forest fodder/fuelwood collection
and using water bodies for day-day activity thushe way students understand this relationship

with natureneedsmore exploration (Keinath, 2004). Bogner (1998) states éhadtional
principles and outdoor nature experience should be considered to promote environmental action
The aly study to date on the environmental attitude of Nepalese adults (university students)
reveals low environmental attitude. However, the author implies low environmental attitudes
in Nepalese adults (urbdrased) were influenced by lack of scientific educatioveak
individualism and weak public criticism about the ongoing environmestahario(Ohnisi,

Khadka, Sdnchez, & Dhamala, 201Bje author adopts the description of weak individualism
from Dhungana (2008) and Bista (20@8s b ehavi our when someone
and amal gamates their identity to the group
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2.2.3 Flow Chart of Environmental Education and Attitude Review

Review of Environmentdtducation and Attitude in Nepal
I I I I
Education in Nepal School and Environmental Education (EE Environmental Attitude Environmental Attitude of Student

School Quality is EE EE is Environmenta Environmenta Dearth of Urban youths
education good in introduced in incorporated | attitude | attitude environmenta (one research)
system has a| | private school Nepal after in curriculum related with related with | attitude ha_ve '0‘_"’
brief history but not in Agenda 21of of each grade environmenta environmenta research in attitude in
in Nepal public UN in 1992 | education | behaviour Nepal Nepal
|
The Literacy (can Resources, Students Environmenta Environmenta No attention Weak
curriculum is read and geography, aware of | attitude | attitude is to perception discussion of
centralised write) rate of conservation, common related with not one & environmenta
and uniform rural Nepal as environmenta environmenta adaptive dimensional understanding | scenario
in the entire of 2011 is | health are | problems capacity but two of students in leading to low
country 62.6% part of EE but not local dimensional education attitude
I I [ | I I I I
[ [ [ [
Education Status of Bi-dimensional Environmental
policy in environmental attitude not attitudeof
alignment with education in verified in least student
sustainable children of developed Nepal is still
development Nepal is societies, 4. unexplored
goals generalised Nepal

Figure2.7. Summarisediterature review mapfdivelihood, environmental education and attitude in rural Nepal




3 Research Objectives and Methodological Approach

Chaptertwo elucidates the research deficits on extreme precipitation and extreme river runoff
events in Nepal. Likewise, thgeraturereview also highlight the absence of researchtba
environmental attitude of the school goidigildrenand its relationship witltheir education
contentin Nepal. Based on this review, the reseangjectives, research questions agskarch
hypothesiswere derived and prapsed as belowkurthermore, this chapter also presents the
methodological approach formulated to explore the research questions.

3.1 Research Objectives

The literature review chapter highlights the importance of local and regional factors to elucidate
the pattern of precipitation in Nepal. Likewise, the review also clearly suggests the dominant
role ofrainfall in Nepal to influence the downstream rivenotf. As a result, extreme events,
bothprecipitationandriver runoff, have led to natural disasters hampering the livelihood of the
vulnerablecommunitesin Nepal.However research othe status oéxtreme precipitatioand
extreme river runoffs scacein Nepal Knowing the status of extreme eveontsany placewill

help toclarify the level of risk associated withMoreover, the influence of southern oscillation

in the precipitation regime of Nepal is discussed but its impact on extreme precipgatill

not an elaborated issu&his lack of attention conceals the level of vulnerability of the
downstream communities against such extreme disasters. Environmental attitude, as well as
environmental education, afgasic constructs to tackle and agt to such catastrophes.
Althoughthe research oenvironmental educaticxistsin Nepal,however, in limited numbey

the investigation ofenvironmental education content agnvironmental attitude has received
scant attention. Moreover, the alreadyliseal relationship between environmental education
and environmental attitude usiexplored in Nepal.

The usage of psychometric tools to explore the environmental attitude is very common
Recently, 2ZMEV has become a reliable psychometric tool based oleriensional construct

of the environmental attitude. Moreover, ttevelopment 02-MEV, its usageand verifcation
materialisedn the industrialised countries and ladenough applied verification in a different
geographical and socioeconomic settifigus, exploring the -MEV in an unindustrialised
country like Nepal while regarding the impact tbe educational content to influence the
proposed bdimensional construct of attitude will ascertain its reliability in other parts of the
world too. Base@n these research deficiengihge objectives of this research are pointed out
as below:

1. Analysingthestatus ofextreme precipitation events in the Nepal Himalayas;
2. Analysingthestatus oextreme riverunoff eventsin the Koshi River basin;
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Observing the relationship between the trend of extreme river runoff events with the
trend of extreme precipitation eveirtsthe Koshi River basin;

Exploring the impact of southern oscillation on the extreme precipitatidmiver runoff
events;

Exploring the bidimensional construct of environmental attitude, by usiMEx/, in

an unindustrialised society of Nepal;

Analysing the environmental attitude, usingMEV, of the children living near the
Saptakshi(Koshi) River; and

Exploring the statusf environmental educatiocontentandits relationshipwith the
environmental attitude of the school going children near the Koshi River.

3.2 Research Questions

The research questions are formulated by elaboratings$kearclobjectivesnentioned above
Resarch questiongs mentioned belowvill be investigated in this research.

1.
2.

What is the status of precipitation intensity and frequency along the Nepal Himalayas?
What is the status agxtremeriver runoff intensity and frequency in the Koshi River
basir?

Is there any relationship between the trend of extreme river runoff events and the trend
of extreme precipitation events in the Koshi River basin

What is the impact of southern oscillation on extreme precipitatiah river runoff
event®

Does the bdimensional construct of environmental attitude prevail in an
unindustrialised society of rural Nepal?

What is the stais of the environmental attitude of the children living near the Koshi
River?

What is the status of environmental educatonten; followed by the school going
children, anddoesit correspond to their environmental attitude?

3.3 Research Hypothesis

Research objectives derived the research questions and basedwnathistate of knowledge,
the hypothesis for this researate:

1. Status ofprecpitationintensity and duration depends upon the distance from the onset

of monsoonal depression atiek westerly windas well as the orographic bartier

2. The status of extreme river runoff intensity and duration in the Koshi River basin

depends on the sizd the catchment area.
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3. Trend of extreme river runoff in the Koshi River basin is related with the trend of
extreme precipitation events of the related stations.

4. Southern oscillation causesscant change itotal rainfall amount but influencethe
storm and runoff intensity, and storm and runoff duration significantly

5. The construct of environmental attitude (Preservation and Utilisation) in rural Nepal
represents bidimensionality.

6. There is no indication from previous raseh regarding the status of environmental
attitude of the children living near the Koshi River basin or in a similar environment,
thus, both the hypothes are tested that the children have positive environmental
attitude or they have negative environnadattitude.

7. There isan observablaelatiorship between the environmental education content
followed by the school going children with their environmental attitude.

3.4 Methodological Approach

The observation and analysisedtremeevents anénvironmental education as well as attitude
requires different methodological approaches. The methodology used in this research combines
thestudy of historical data with survey and content analysis. The methgds#oton consists

of two partsbased onlte analysis of natural events and the status of education/attitude.

3.4.1 Analysing Extreme Events

The precipitation events in the Himalayan front are almost impossible to predict (Bookhagen,
2010). Thus, analysing historical dataset is an efficient methodderstand extreme events
(Bookhagen et al., 2005; Nandargi & Dhar, 2011; Malik et al., 2012). In this research, the
available data of precipitation and river runoff was analysexh&dysethe status of extreme
events o a spatial scalélThe Department oHydrology andMeteorology of Nepal (DHM)
provided the dataThere are 274 precipitation recording stations with available &rata (
1970s to 2014) throughout Nepal. These stations are controlled and maintained by the DHM.
The obtained data consisted @iy precipitationinformation in millimetre (mm) Likewise,

the obtainedlaily river runoff datarfom the Koshi River basin was also from the DHMe

river runoff datawere from27 stations. TheserXstations represent all the tributary of the Koshi
River including theSaptaKoshi River. TheSaptaKoshi River is the confluence of all its
tributaries from the basin. The detailtbé Koshi River basin is in Chapter 4.2.

Moreover, thedata sourcef southern oscillation was the Earth System Research Labprator
website for free of charg&ardeshmukh & Smith, 20Q0)he data is available #seBivariate
ENSO Timeseries(BEST) index. The BEST index provides lortgrm H Nifio Southern
Oscillation (ENSO)data for each month from 182D18. Thedetails ofquality control and
selection of all the obtained data for this research is in Chapter 5.
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The precipitatiorstations havenultiple years oflaily data.The daily data was calculated from

each station aceding to the need of selected parameters in the analysis. LikeWwise, t
parametersised in this research to analyse¢l&eme precipitation eventgereadapted from

The Expert Team on Climate Change Detection Monitoring and Indices (ETCQRMiing

& Yang, 2004) These parameters take accountheffrequency and intensity of an event to
analyse the extremity. The O(ercentile thresholdategorised thextreme events in this
researchand the same was incorporated in thpasameters (Bookhagen, 201Oroitoru,

Piticar, & Burada, 2016)r'he detail of data processing and parameter selection/development is
in Chapter 5.2. Finally, based on the obtained value for each parameter of each station, the
spatial distribution of extrae precipitation events throughout Nepal was obtaamelcanalysed

Similar to the precipitation analysis patie 90" percentile was taken as a threshold in river
runoff analysisto compare the findings of extreme eveiitse parameters were adapted from
the precipitation analysis method for calculatgpatial representatipand analysid_ikewise,

the ENSO events and its comparison with extrpreeipitation and river runoff events in Nepal
were analysedased on the athodology used birishnamurthy and Goswami (200@nd
Shrestha (2000)The yearly valuesof extreme events in Nepaloin each statios were
combinedlycalculatedas a mean valué was thercompared with thgearlyBEST index. This
comparison indicatethe variation of ENSO events with extreme precipitasiod river runoff
events in Nepal. This finding further elucidates the relationship of southern oscillation with
monsoonal activities in Nepalhe detail on the BEST index and its comparison with the
extreme (above 90percentile) events are in Chaptes.5.

Furthermorethe related precipitation stations and river runoff stations were analysed to explore
any observable relationship of trend between the extreme precipitation and extreme river runoff
events. This trend analysis was performed using the Maenmn dal | 6 s met hodol
XLSTAT programme in MS Excel. Further detadfsdata quality angharameters used in river
runoff analysisareelaborated in Chapter®.All the findings of this sectio are presented in
thegraphicalor tabular form.

The MannKendall trend test is extensively used by researchers to analyse the trend of extreme
and normal climatic parameters (e.g., Hamed & Rad3;1P&rtal & Kahya, 2006; Zhai & Feng,

2009). Furthermore, the ManKendall test is a nonparametric and statistic distribution test,
which also works on nelinear trends and turning points (Croiteual., 201%. Moreover, the

main advantage of the Maikendall test is that it can cope with missimignegligible values

and operates based on two hypotheses (Partal & Kahya, 2006). The null hypothesis and the
alternative hypothesis: which means either there is no trend in theeimes or there is a trend

in the timeseries, respectively. The hypothesare tested based on the determined level of
significance, usually at 95 %alua afterdhe analysieid a s
| ower than the significance | evel (e. g., <

46



rejected, andthea&ltr nat i ve hypothesis is accepted. Th
tau determines the negative or positive trend of the-sienees. Furthermore, the significance

level can be changed, and the tisezies can be tested accordingly. However, aifsignce

level of 95% was taken as the standard value in this study. The significance level of 95% means
that the positive, negative, or no trend in the tgrees is correct with 95% confidence.

3.4.2 Analysis of Environmental Attitude and Education

The envionmental attitudevasanalysed by using the psychometric toEV. Bogner and
colleagues developed theMEYV in the late 902nd early 20006Bogner & Wiseman, 1997,

1999; Wiseman & Bogner, 2003)he details of ZMEV tool and its application are in Chap

2.2.2. The 2MEV was developed in Western Europe and later verified in different
industrialised countries (Milfont & Duckitt, 2004; Johnson & Manoli, 2008; Bady®auw &

Van Petegem, 201 Bogner et al., 2015). Thus, the version for-mutustrialisel countries and

more specificallythe Nepali version of the-RIEV is not available. The first step was thus to
create a verified version of theN2EV for the research site, which is in the rural part of Eastern
Nepal. The detail description of the reséesite is provided in Chapter 4 ®&hile the sample
popul ation was selected by following the Ar

z z

z

Here,

n = required sample size

N = total number o€hildren

Z = confidencdevel (at 95% level Z = 1.96)

p = estimated population proportion (0.5, this maximizes the sample size)

d = error limit of 4.15% (0.0415)

There is no standard with a set value of confidence level and errori linotvever, most
research use 95%onfidence level and 5% error limit. Anything above 95% and below 5% is
considered a good statistical representafi®handari & Grant, 2007)The details of the

population and sample size are in Chapter 6.2.

The 2MEV is aset of questionnaire/itemshich reflect cognitive, affective, enactive and
behavioural values witla focus on the action, target, context and phase of the respondents
(Ajzen & Fishbein, 1977; Bogner & Wilhelm, 199@)taditionally, the 2MEV Scaleuses a
Likert-type responsscale. After discussing the survey method with local experts, teachers and
studentsthe childrendid not prefethe Likerttypescale. Thus, to address this issue, a worded
rating scale which represented the Likigyie scale was usd, as recommended byowell
(2008).

Very satisfied 5)
Somewhat satisfied 4
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Neither satisfied nor dissatisfied  (3)

Somewhat dissatisfied 2
Very dissatisfied Q)
Do nat know / No opinion (6)

Items followed by theoptions ofworded rating scale was céontable for the students to
comprehendTo address the local context of rural Nepal, previously used items from other
studies were modified along with the development of new items. As suggested by Bogner and
Wilhelm (1996), great attention was paid tothe em r el evance of t he
addressing actions that are real to them. The items reflect ideas they encounter and are concrete
rather than abstract. ltems with multiple actions or that might only affect others were avoided.
The deta# of seleted, modified and developed itemr®in Chapter 6.1.1.

Likewise, the second step was translating the items to the Nepali langbafjepali language

is written in Devanagari script. According to Steiner (1988hslation isatransfer of meaning
between languages. Thusliteral translation of words was not enough in this study to create a
valid instrument, but there &sono such thing aa correct translatiorMoreover, Templeand
Young (2004) suggest that the translator always makes his orhnleomthe research, whether

it I's acknowledged or not. Birbildi (2000)
knowledge of the people under study and the circumstances in which the translation takes place
to be important factaerfor any validresearchFor examplethere wasa conflict between the
word nature and environment duritigetranslation. Irnthe Nepalese context, the usage of word
nature and environment can havdifferent meaning in apecificsituation. Thus, translating

the item | prefer natural setting more than the urban settioghe Nepali language becanhe
prefer the environment of village compared to that of a Cltyis translatiorncludes not only

the aspect of translation but @althe cultural aspectThe term natural setting is unclear, and
villages are naturahtherthan urban areathus it was easy for the respondents to understand
this translation rather than using the word natural setting and urban setting.

Instead of liteal translationthe focus was on thatended meaning of the itetWworking with

two languages can create confusidhus Birbili (2000) suggests where lexical equivalence is
not possible a O6concept MadoverdHgnnad, MuntnéBhapal 6 1 s
(2008) state that a view exists about the suitability of a native English validated study for other
cultural groups with minimum adaptation. This attitude might emanate cultural hegemony, lack
of salience of content, neequivalence of conceptand ensuring the interest present in the
target group by the researcl{Eirkpatrick & Teijlingen, 2009)To avoid these confrontations

in thisresearchconceptual equivalence as suggested by B{20id0)was achieved rathénan
equivalence of word form.

The conventional proceduoétranslationas explainetby Schneller et al2013, was followed.
The process included translation and baekslation of the items by native Nepali speakers.
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First, the native Nepali speaking author of tthissistranslated all the 27 items to Nepali. Then
another native Nepali speaker wahademidknowledge of English language batknslated

the items to English. The differences between two English versions were tiegadre
translated tohe Nepali language. This version of the translation was discussed with the experts
who produced several moditatiors in the item batteryThe experts had scientific background

and knowledge about the research site, environmental issues, and survey battdfindigls.

the items were taken to the research sieerethe language, dialect and regional wongse
discusseavith local teachers and students. No flaws were detected by the teachers and students
in the set of items.

Following this development, the items were tested in two rounds with students of the research
area. The Principal Component Analysis (AG#d Confirmatory Factor Analysis (CFA) were
conducted to obtain the final list of items and thelimensional model of environmental
attitude for rural NepalThe PCA and CFA were conducted using SPSS software and its
Analysis ofMomentStructures AMOS) package, respectivelidased on tb obtainednodel

the construct of environmental attitude for rural Nepal was defined. Likewise, based on the
finalised items the final survey to analyse the environmental attitude of the studersis
conducted. The dails used to conduct PCA, CFA, analysis of the construct of the
environmental attitude and the final sunagin Chapter 61.2, 6.1.3, 6.1.4, and 6.2

Furthermore, the environmental education status of the students was explored bygtiaysin
environmental education textbooks followed in the schools of the research area. The textbooks
of the sample population were analysed using the deductive content analysis method. Finally,
the status of environmental education and environmental &talithe sample students were
observed together to point out any noticeable relationship. The details of the textbook analysis
are in Chapter 6.3. Likewise, the detailed concept map of methodology to address the research
objective is presented belaw Figure 3.1
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4 Research Area

The research objective chapter outlines the need to explore extreme events in Nepal. Thus, to
address thiseed the extreme precipitation event was observed in the entire Nepal Himalayas.
Likewise, for the exploration of the environmental attitude andcathn, a vulnerable
community was selected due tteeir location in the bank of the volatilgaptakshi (Koshi)

River. Thus, the Koshi River basin was also selecteahtdysethe extreme events of river

runoff (discharge) This chapter describes the cheteristic features of the selected research
areathe NepalHimalayasthe Koshi Riverandits basinand the communitpearby the Koshi

River (n Chakraghat)i This chapter consists of three parts. The first part describes the
characteristics of the Hiatayan range and the Nepal Himalayas. Likewise, the second part
outlines the features of the Koshi River and its basin. Finally, the third part elaborates the
population, education, environmental features/threats and the need to adapt, of the community
living nearby the Koshi River.

4.1 The Himalayan Range

During the Palaeocene ethe Indiantectonicplate collided with the Eurasiaectonicplate
exhorting crustal thickeningp the land to rise and later develop as the parts of the Himalayas
(Molnar & Tappomier, 1975) When the crustal thickening reachesmpressivestressthe
thrust resulted irhorizontal shaening, creating fault§Searle, Simpson, Law, Parrish, &
Waters, 2003)Figure4.1 presents an example of the fault line.

Figure4.1. Fault line (white line) in the Dhaulagiri ge& the Central Himalayas of Nep@stbury,
2009)
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Searle et al. (2003) explained the process and the role of fawtiigi led to the formation of
the Himalayan orogeny. Wheadltingoccurs, iputs different types of rocks one over another.
During this processone part of the surface risegher while the other descends deep inside
the earth, melting the rock. Thiluctile flow of he molten rock actively extrudesbuthward
from underneath the southern part of the Tibetan platdaua result, a process of
metamorphosis occurrefbrcing themolten rockup along the converging plaaedcoolingto
take the formof solid granite This conveyer belt system of the molten rackthe Indian
tectonic plate continuously pushed the Himalayas higiMoreover, his process othe
Himalayan uplift is still active today at an estimated rate ef8 inm per yeailhus, hecrown

the middle partand the base of the Himalayas show three distincstypeocks supporting
this Palaeocenevent(Searle et al., 2003)

The word Himalayaame from two Sanskrit words: Himal (snow) and Alaya (ab¢deick,
Pacheco, Shrestha, & Bajracharya, 200B)e Great Himalayan Region extends from
Afghanistan to Myanmar spanning till 3500 km(Karan, 1966). Likewise, thElimalayan
range extends from Nanga Parbat (Jammu and Kashmir) in the West to the TR&regmmp
(Arunachal Pradesh) bend in the East (Nandar@har, 2011).The Himalayan range is part
of the Great Himalayan Region and forms an arc of approximaté80&m (Figure 4.2)
separating the Indian sudontinent from Asia (Nandardi Dhar, 2011). The Himalayan range
locatedat the southern edge of the Tibetan Plateamprisesof a complex chain of high
mountains, elevated plateausedeorges, and extendedlegs (Barros et al 2004) The width

of theHimalayanrange variesrom 150400 km north to soutfNandargi& Dhar, 2011)
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Figure4.2. Map of the Himalayan stretch based on different ranges (Nar&&rgar, 2011).
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Out of the fourteen peaks higher tha@® metre above the sea leval)( the Himalaya range
consists of ten (Nandargi Dhar, 2011).The rest four aren the Karakoram Rage, whichis a
part ofthe Great Himalayan Region (Karan, 196@preover, he Himalayas are headwaters
of theten largest rivers of Asia (Eriksson et, @009).As a result, thesgvers flowing from
transHimalayan region erodand shap high mountaingroducing deep valleys and gorges
(Nandargi& Dhar, 2011).

4.1.1 Division of the Himalayan Range

The dfferent fault thrusts accentuated varied topographical orography of the Himalayas during
its formation. These variations characterise the Himadestasctureand vary orthree major
thrusts The Main Frontal Thrust (MFT)the Main Boundary Thrust (MBT) anthe Main
Central Thrust (MCT)(Nepal, 2016) The MFT and MBT have thrust dip approximately
northeasfrom its fault zone (Nepal, 2012 ikewise, theMCT hasinvertedmetamorphism

and topto-south break ofherock fabric dippingowards thenortheast (Searle et a2003).

Higher Himalaya Tibetan-Tethys Himalaya
Lesser Himalaya - -

Siwaliks

Indian Shield

MFT - Main Frontal Thrust, MBT - Main Boundary Thrust, MCT - Main Central Thrust,
STDS - South Tibetan Detachment System, ITSZ - Indo-Tsangpo Suture Zone

Figure4.3. The generalised cross section of Himalayan geo{Dgyal, 2006)

As seen in Figure 4.3n¢ Gangetic plain dheTerai liessouthward othe MFT. Likewise, the
Siwalik orthe SubHimalayan zone lies in betwedéme MFT and MBT.Similarly, theLesser
Himalayan zone lies betweéme MBT and MCT. Lastly, taHigher Himalayan zone lies north
of the MCT. Moreover, to the nortlof the Higher Himalayan zone lidke TibetanrTethyan
Himalayan zone separated Hye South Tibet Detachment System (STO8arsons, Law,
Searle, Phillips, & Llog, 2016) The STDS normal fault lies along the top of the Higher
Himalaya with flat fault line and dowto-north fault extensionThe MCT and STDS act
simultaneously extruding the southern edge of crustal rankihave intense strain zones
responsible for condensing the metamorphic isogi@édarle et al 2003.

Based on the general topographical gradient Nandargi and Dhar (2011) divided the Himalayan
rangeinto three groups (Figure 4:20uter Siwalik range, Less Himalayasand The Great
Himalayan rangel'heOuter Siwalik lies between the Gangetic plain el esser Himalayas

with anaverageelevationof 900-1,200 m.Likewise, theLesser Himalayabes to the north of

the Siwalik range with aneanelevation 0f3,700-4,500 m.The Mahabharat range arde Pir

Panjal range fall undeéhelLesser Himalayad.astly, he Great Himalayan range consists of the
highest range of the Himalayas wih elevation ranging from approximately050-8,848 m.

The Tibetan Hnalaya and the Tibetan Plateau lie to the north of this range.
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4.1.2 The Nepal Himalayas

The entire landmass of Nepal which stretches ~885 km East to West and ~193 km North to

South falls under the central Himalayan range. Out of 147,18 lakmut 83% of the cauryd s
land arehills and mountaingDahal& Hasegawa, 2008
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Figure4.4. Geomorphic map of Nepal. Inset: Nepal in the Himalaya (Dahal and Hasegawa, 2008).

Based orthetopographical gradient ranging from 60in the south to 848 m in the north the
geomorphology of Nepatonsists offive zones Terai, Siwalik, Lesser Himalaya, Higher
Himalaya and Trans (Tibetaklimalaya (Figure 4.4|Dahal& Hasegawa, 2008).
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Dahal and Hasegawa (2008paborateon the elevation features of the Nepal Himalayas. The
Terai is the soutimost ofthe Nepal Himalayas. Its altitude ranges fromy¥3&D m and covers

14% landmass of the counttyikewise, TheSi wal i k range i s oimhad Hi m
uplift ranging from 20€1,500 m. TheDun valleys are part dhe Siwalik range Similarly, the

Lesser Himalayawhich lies to the north dhe Siwalik range consists of the Mahabharat range
andthe Midlands ranging from 568,000 m. Kathmandu, the capital city of Nepal, which is in

the Kathmandwalley, lies in the Lesser Himalayan zone

Furthermoe, theHigher Himalayas consists afsteep gradient rise of the topography forming
the peaks of the Himalayashe Higher Himalayas extends from the Fore Himalayas (2000
5,000 m) andelevates above,00 m reaching till 848 m. Lastly, theTrans Himalayas in

the north ofthe Higher Himalaya and ranges fronb@0-4,500 m It is on the leeward side of
the Himalayan rangefigure 4.5 presents theonceptualisedcrosssection of the Nepal
Himalayas

4.2 The Koshi River Basin

The Koshi Riverflows through Tibetand Nepal to Indialn Nepal, tlis river is spet as Koshi

River while in India it is spélas Kosi RiverThus,in relationto the research area, which is the
Koshi River from the Nepal ese siTdeKpshitRivars r e
is one of the major constituents of the Ganges Riasin in the Himalayan region.
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Figure4.6. The Koshi river basin and its tributaries (Adapted from Devkota & Gyawali, 2015).
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Correspondingly,hte Koshi River originates in

Tibet, near the Mount Everest, contimues

Nepal and flows through India before mixing to the Ganges River in Kursela ({Sadinajh,
Parkash, & Gohain, 1993fFrom its origin to mixing in the Ganges River, the Koshi River
travels about 200 km ar@hscades down by decreasing its elevation by neanty GSknhaet

al., 2008) Primarily, thisdeclineis steeper in the north (5% cm/km) and fladr in the south
(6cm/km) (Sinhaet al, 2008).Likewise, te elevation of the Koshi River basanges between
95 m and>8,000 m (Devkota & Gyawali, 2015[rigure 4.6and 4.7shows the gographical

location ofthe Koshi River basin.

The total area of the basin, upstream of Chatara, is about 57, 7@Rdgal, 2012) The basin

lies within the latitudes 26 1 6 0e0 9 @ @ O

and & 6 a0 T &aarwal Babel,

& Masket, 2014) Geddes (1960) conducted one of the first geomorphologicaestidthe

Kos hi Ri ver basin and

Ganges River

used the term f6gkoneo
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Figure 4.7. Location of the Koshi River Basiabout the Ganges and the Brahmaputra river basin

(Modified from Nepal, 2012).
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The Indrawati, Likhu Khola, Dudh Koshi, Tamor and Sun Koshi lie in Nepal while the Bhote
Koshi, Tama Koshiand Awn lie in both Tibet antllepal (Nepal, 2012)0ut of the total basin
area, 46% lie in Nepal while the remaining lie in Tifldepal 2016) This research explores
the part of the basin which lies in Nepal

4.2.1 Climatic Condition

The summer monsoon enters Nefsam the eastern sidat the location othe Koshi River
basin.The monsoon spans from June to Septembéine Koshi River basinMean annual
precipitation in the Koshi river basin ranges from 1;2B0mm/year based on the elevation
(Agarwal et al., 204). In the Koshi river basin, monsoonal precipitation during the summer
(JuneSeptember) accounts for 75%, spring (Makthy) accounts for 15%, and winter
(DecembeifFebruary) and autumn (OctobEpvember) accounts for around 10% of the total
annual precipation (Agarwal et al., 2014).
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Figure4.8. Average pecipitationand river runoffpercentagén the Saptakoshi RivefChatara station)

Department of Hydrology and Meteorology of tRevernment of Nepal (2015) reports detailed
information about the climatic condition of the research G&nerally, December to February
is the winter season witthe lowesttemperature in Nepal. During tlspring (premonsoon),
from March to May, the temperature increases stealitithe hottestperiodis from June to
September as the monsoon arrives in the sunfheremperaturetarts decreasing in autumn
from October to Novembgwhichis also known athe postmonsoon seasqshrestha, Wake,
Mayewski, & Dibb, 1999)In the lower altitude of Terai and Siwalikgion the climate is
tropical and sultropical respectively. This climate is characterised by hot, humid and wet
summer with mild and dry winters. In the Les$@imalayas the climate changes to warm
temperateAsthe elevation increasgbe climate changes,ithhadecreasen temperature, from
subalpine to alpine zone (4,800 m)
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Further increase of the elevation till the High Himalayas exh&dold climatic condition

where glacierexist The monthlytemperatureaverage during each season varies over the
region. The temperature during the summer and winter period in plains is aboW228 and
16eC-20eC respectively. Likewise, the temperature during summer and winter in theillaid
isabout16 @2 8e C ah@le @ erCe s pect iHwmaldygsthetémperatureeanges g h
from | esk6¢ @ ainn OtelCe s u-80en&€¢ C achur il g st.hdhawi nt

4.2.2 Discharge and Flooding

The dischargérunoff) in rivers of the Koshi basiis mainly fed by rainfall and glacier/snow
melt. Nepal (2016 elaborates tse facts and are briefly outlined in this subchaptein
correspondence with the monsoon, the river discharge peaks from May till Jurgeswuattien
rise in July, gradual decline Beptember till December and steadies till April then continues
the cycle. The monthly averageer runoff (in %)of the Koshi River at Chatara station from
1977-20M is shownin Figure 48 above Less monthly discharge in dry seasons (winter)
compared to that of monsoon (sumngrygests aactiverole of monsoonal precipitation and
glacial melt during warm summefrom 19852006 the mean monthly discharge of the Koshi
River (Chatara station) in February was 35%sec compared to 4,488%secin August. The
maximum discharge observed during this period was 9,6¥8emon 11 August 1987.
Likewise, the maximum discharge recorded till dags about 25,878 Aisecin August 1968.
Seasonal variation in flow and sediment disch@g#servedn the Koshi River.

The part ofthe Koshi river basin orthe southern padf the HimalayagNepal)is four times

wetter than the northern h@8harma, Moore, & Vorosmarty, 2000)he Koshi River is known

to bring floods in the lwland area of Nepal and India during the monsoon. Sitpeificant
difference of discharge during dry and monsoon season increases the vulnerability of the river
associated witlthe flood. The high discharge values of 24,628,000 n¥/s in 1954 and 1968
areknown to be the two most severe flouglevents in the Koshi River. As a precaution against
flood, embankments and barragee also constructeish the river. However, embankment
breaching by the river has also created havoc in the region. The flood®is26t:example

when theKoshiriver breached the embankment and started to flow on a new péd fiath
causingnumerous casualties and dama@®sddy et al., 2008)

Water from the Koshi Riveis also usedor irrigation purposes in Eastern part ofgééand

parts of Bihar (India). The canal in Chatara irrigates 66,000 hectares in Eastern Nepal while the
Koshi barrage system irrigates 969,110 hectares in India. Impact of embankment and canal for
irrigation in the Koshi River hdseen observeldy Sinha et al. (2008). The downstream station

in India records less discharge compared to that of Chatara st#tisrsituation makesthe
Saptakshi River inChataraNepalan ideal area to explore the relation of precipitation events
and downstreamver discharge.
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Figure4.9. Alluvial fan of the Koshi River in lowlands of Nepal and India (Bihar) showing its westward
movement throughout the last deca@iésle & Chitale, 1966)

The catchment area of the Koshi River basin starts from the Tethys till southern plains. As the
river flows downstream in the gradient Himalayas with high velottigy rate of denudation is

also high. The sediment transport in the Ganges river systeighest amongst the world. The
Koshi river basin represents 5% of the Ganges river system but contributes &bmfttatal
sediment transport tihe Ganges. Compared to other river systems the Kigar has very

high sediment yield reported to be anol 2,500 tonnes/kffyear (For example Ganges: 491,
Brahmaputra: 578. Amazon: 207 and Nile 40 tonned#fear). 2 mm topsoil is estimated to be
denudated in the Koshi river basin each yaaich is approximately equivalent to 118 million
tonnes per year.

However, sediment load transpof such large river basin canrim estimated accurately with
the current state of knowledge. With very high sediment carrying capalegyeroded
sediments are transported and deposited in the plains of Nepal, downstr€aatara. This
deposition has created a riverpadd over timethe main channel of the river aggraded to shift
its course (Figure 9). This shifting of the river also creates flood which has had serious
negative implications to the nearby communitigignificantfloods in the region were recorded
on July 1993, 1999 and August 2002 with an estimated loss of about 20% out of the$stal
domestic produadf Nepal(Pradhan, Dangol, & Adhikari, 2004)
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4.3 Community on Focus

Chakraghattis the selectedresearctsite for the exploration of environmental education and
attitudeof the local childrenChakraghattis located 13 km downstream of Chatararitt®n
history aboutChakraghattiis scarcebut based on the community mem&®anecdotes
Chakraghatti is supposé¢abe an old settlement dating back at least a cefuKoirala, & S

Baral, personal communicatioBeptember 17, 2018Yntil 2015, Chakraghatti was officially
known as Mahendranagar village development committee (VIB&yever, n 2016 the status

of Mahendranagar VDC was upgradediemunicipality by combining the adjoining VDCs.
Chatara VDC, BhardwDC, Mahendranagar VDC, Prakashpur VDC and Madhuwan VDC
were combined to form Barah Municipality. Chakraghatti lies invthed 6, 7 and 8 of Barah
Municipality, Sunsaridistrict, Province 1 of Nepallhe Government of Nepal has a set of
standards to detmine if a place is either a rural or an urban area (CBS, 2014). The rural areas
are labelled as VDCs, while the urban areas are labelled as municipality/metropolitan city.
However, a specific area such as Chakraghatti, when considered individuallffesjoally as

a VDC. Moreover, Chakraghatti was a VDC when this research was initiatedanT2Qfs, it

Is regarded as a rural area in this research.

Chakraghatti is locat at 26°44'47.6"N 87°08'01.4"E alwel in the bank of the Koshi River.

It is situaked at ~110 m above the sea level and falls under the Terai region of Nepal. The high
aggradation of river sediments occurs in the Terai region, forming alluvial flood plains (Reddy
et al, 2008).The Koshi River hasne of the most extensiatuvial flood plainsin the world,

which allows the river to change its path, causing a flood in the region (Reddy et al., 2008). The
alluvial flood plain of the Koshi river in Nepal starts to deposit downstream of Chatara (Devkota
& Gyawali, 2015).
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Figure4.10. The map of Nepal witthelocation of Chakraghatti (regbint) (Google Maps, 2018)
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Moreover, except for the flood caused due to the lateral movement of the river, high wate
discharge alschas a longhistory of floodingin the region(Nepal, 2016) Location of
Chakraghatti and its magan be seem Figure 4.0 and Figure 4.1, respectively
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Figure 4.11. Map of Chakraghattir®wing its three wards, dams and location of the Koshi River.
(Adapted and Modified from the office of MahendranagxC).

4.3.1 Population

According to the2011 census of Nepdhere are 331 household$n ChakraghattiThe total
populationis 23,631 out of which 45.6% are malgCBS, 2012) However, the CBS (20R}
reports there were 2,317 absentees during the 2011 c8iadlis.4.1 presents the population
descriptionof Chakraghatti

Table4.1. Population demog@phics ofChakraghatti(CBS, 2012.

Nﬁ\lgvmvgzﬁd ?\Ilﬂrmégrd Sgggﬁ[)g Female Population Male Population| Total
1 516 1095 939 2034

6 2 477 1079 924 2003
3 428 1041 853 1894

4 2018 4791 3946 8737

7 5 259 681 668 1349
6 181 464 397 861

7 509 1190 1057 2247

8 8 427 1016 821 1837
9 616 1491 1178 2669

Total 5431 12848(54.4%) 10783(45.6%) | 23631
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In 2001, there were 4,580 households with a total population of 22,195, where 48.5% of the
population were male (CB2001). As a result, the population in Chakraghatti, from 2001 to
2011, is growing at a rate of 0.65%, while the population growth rate in Sunsari district, from
2001 to 2011, is 2.2% (CBS, 2001; 2012). Since the population density is growing, the need to
adapt to extreme environmental situations also increases.

Furthermore, there are 10,276 childrenl@years) in Chakraghatti (CBS, 2@)L4Here, the
children represent 43.5% of the total population, out of which 49.8% are male. To illustrate,
Figure 4.2 presents the population percentage of Chakraghatti based on the age group.

75+ I—

70-74 MMr==

65-69 ImmMTr===

60-64 M —
Cé) 55-59 T =
< 50-54 M ——————
E 45-49 M —
- 40-44 M —/—/————4 mMale
£ 35-39 IERRR AR ARRRAAN -
% 30-34 I | BFemale
o 25-29 AR AR AR '
@ 20-24 (AR
O 15-19 rI'I'I'ITI'ITI'ITI'ITI'ITI'ITI'ITI'ITI'ITI'ITI'ITI'ITI'IT=‘
w 10-14 MM
&2 5-9 OO O O ]

0-4 [T —/]—-t—FFm—u—"o-m4

5 183 11 9 7 5 3 1 1 3 5 7 9 11 13 15

PERCENTAGE OF POPULATION

Figure4.12. Population percentage by age group of Chakraghatti (CBSaR014

4.3.2 Knowledge and Education

The Nepalese communities hausedIndigenousTraditional Knowledge (ITK) since time
immemorial (Sharma, Bajracharya & Sitaula, 2009). Sharma ef2@09) highlight the
importance and disuse of ITK in the Nepalese community. The Nepalese communities have
sustained their Wiesin the various geographical conditions using their ITK. ITK is socially
accepted, technically verifiecand environmentally friendly practice suitable in a specific
location.

Nonetheless, in the prejudice of it being unscientific, its presence in mddgm@ppliations

are negligible in Nepal. Moreover, the ITK is in the danger of becofoimggttendue to the

| ack of the governmentoés i nterest i n doct
organisations are documenting ITK of Nepabst commonly in the contextf agriculture,

such as water resources management, soil fertility management, pest managerfeardingo

and biodiversity. In Iine with the gover nme
the school education system of Nep&h&rma, 2004 Thus, in todayos
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education is the principal source of knowledge. A similar situation was observed in
Chakraghattiduring an interaction withtwo community membeysvhostated:

AThe common tradition i cemnmuhictiongbetwaen theceldea and et
younger members of this community has almost disappeared. Our only remaining indigenous
knowledge is afforestation. The children are already studying the importance of afforestation

in school. Thus, there is a need faheol education to increase the safety of this place.
However, the negative point is that the children do not use their school education outside of the
school. They are seen planting trees only when instructed by the school teadREBR
Chhetri,per®onal communication, April 2®017)

ARYes, we know about afforestation, but our
allow us to succeed. Even if we see soil nearby the riverbed, there is sand beneath it. Thus, if
we try to plant trees near thiaver to create a barrier, the river will cuff the trees easily. We

have land and ideal condition to plant bamboo trees which can act as a barrier, but our local
community and government cannot afford its costs. Hence, gaining school educatiomlg the o
way to use modern technol ogy(D.aRnRegmi,persahal s ol u
communication, April 212017)

Moreover, the other community members echoed that they were reliant on modern technology
to tackle the riveexényple, grospikan moseadhapet lWams are s .
constructed along the edge of the river to stop the landft(Figure 4.4 & 4.15). Likewise,

the community members are relying on the irrigation canal coming from the Chatara dam for
their agriculture. Thugjemonstrating their inclination towards modern technology.

Furthermore, the last two generations were exposed more to school education than ITK, causing
the fading of ITK. Based on the comprehension of this discussion, school education is
considered as the sole source of knowledge in this research. Hence ghishrexplores the
contents of environmental educatiandthe environmental attitude of the children.

There ardwelve schools in Chakraghattand all of them include environmental education in
their curriculum CDC, 2011 Mahendranagar VDC, 2@112). As of 2011,there weres,710
school goingstudentdetween the age ofZb in Chakraghattiput of which50.3% were male
(CBS, 2014). Out of the twelve schools, only fivaef them offer classesntil the 10" grade,
while one school offers classestil the 12" grade(Mahendranagar VDC, 20112).

However, Koshi School is also planning to offer classes grade 12 fron2017(Y. Koirala,
personal communication, September 2016) Table 4.2 provides thdetil description of
school andocation by wardn Chakraghatti as of 2011/12.
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Table4.2. Description of school and students in Chakraghme011/12 (Source: Mahendranagar VDC
2011/12).

S.N. | Name of School Highest Grade | Location in Old Ward | Location in New Ward
1 | Bhanu 8 1 6
2 | Mahendra 12 2 6
3 | Mahendranagar 5 4 7
4 | Mahendra 10 4 7
5 | Basantaritu 10 4 7
6 | Balsewa 5 5 7
7 | Sapta Koshi 5 6 7
8 | Sunsari 8 7 8
9 | Ramdhuni 5 8 8
10 | Koshi 10 8 8
11 | Janak 10 9 8
12 | Sishu Jyoti 8 9 8

Moreover, 15,970 (50.7% male) peoplé&inakraghatti, whare more than five years olihve
completed some form of school education by 2011 (Figui@® 4CBS, 2014). Thesurveyis
done with thestudents frongrade 8, 9 and 1Gdm the research sitd.he details of students
from each of these three grades are in Chapter 6.2.
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Figure 4.13. Population above five years who have completed some form of school eduicati
Chakraghatti as of 2011 (CBS, 2@).4

4.3.3 Climate and Flood

Chakraghatti lies in the plains of the Nepal Himalayaxording to the VDC profile (2012),
there is gb-tropical climate with six seasons in this regigpring (MarchApril), summer
(May-June), monsoon (Julugust), autumn (Septemb@rctober), previnter (November
December) and winter (Januafgbruary). During the spring, the temperature ranges fram 25
30eC. Likewise, in summerthe temperature reaches up ta@0During the monsoqrthe
humid weathedominateghe region withrainfall and summer like temperatufarthermore,
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in autumn the temperature is mild while in qvimter, the temperature usually stays around
20eC. Lastly, he winter is the coldest season wvittle temperaturgetting as low as XC.

The most documented flood event in the Koshi Rigeghe 2008 flood Reddyet al, 2008;
Sinhaet al, 2008. The breaching of an embankment by the Koshi River near Kusaha, Sunsari
district of Nepal led to the flood of 2008 (Reddy al., 2008)As a result, abou®0% of the
discharge started to flow on the old (nearly 100 years) path of the river. Howeimsy,
upstream of the breaching point, this flooding event did not affect Chakraghatti.

Check Dam

Figure 4.14. Satellite image of the Koshi Riverbank of Chakraghatti showing the check dam and the
embankment represented by black line along with part of the flood(@awgle Maps, 2018a)

Instead, lherecent ananost disasbus floodin Chakraghatti was in 1984. Although the official
documentation of this event is tenuous, the discussion with locals discloses the information
about this ewvat (M. Dahal, personal communication, April 22017;S. Mishra& R. B. R.
Chhetri,personal communication, April 22017)

During this event, the Koshi River flowing in the western part of its alluvial fan started to divert
towards the east. As Chakragh&s on the eastern bank of the Koshi River, this event led to
the destruction of more than 2,200 households, leaving numerous people homeless. Most
importantly, the diversion process of the river channel was slow and lasted about a week. Thus,
there waso human casualty, but this event damaged vast area of farming lands and swept away
livestock of the community. Besides this event, numerous swoalé flooding events occur in

this area and is a common phenomenon observed by the (Bcadls R. Chhetti personal
communication, April 20, 2017)
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Figure 4.15. (1) People starting to live in flood plain; (2) Flood plain with check dam to c
potential flood; (3) Vast stretch of flood plain; and &8diment left by the Koshi river.

Furthermore, after the sudden change of the river path in 1984 the Koshi River in Chakraghatti
is again moving westwards (Figure 4& 4.15) (Sinhaet al, 2008;D. R.Regmi& M. Dahal,
personal communicatiodpril 21, 2017). Correspondingly, the sediment brought by the river
tends to support different crops, as per their depth and charactéKstiles Khanal, & Dahal,

2017) Hence, it can athct people to start farming and live nearby the riverbed but with an
everprevailing risk of flood. Mostly, floods in the Koshi River occur due to the lateral
movement of the river, but higlater discharge aldwas a londnistory of floodingn the regim
(Devkota & Gyawali, 2015; Nepal, 2016). Thus, wiberoccurringextreme conditions and

high risk of floods parallel to increasing population, the role of education and attitude becomes
ever crucial in this region to sustain a healthy livelihood. Adsthreasons makshakraghatti

an idealplace to exploreht e ¢ h i attitlide@nd their educationalonent as they are the

most vulnerable grouim their fluctuating environment.
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5 Analysis of Extreme Environmental Events

Precipitation influences riverunoff especiallyin the alpineenvironmentof the Nepal
Himalayas (Shrestha & Aryal, 201Rpokhagen & Burbank, 2®; Ménégozet al, 2013; Shea

et al, 2015).Analysingextreme events of precipitation and rivenoff provides an opportunity

to explore itsstatus Such an explorations vital because it can lead to proper disaster
management strategies (Chalise & Khanal, 2002; Nepal, 2012). This chapter presents the spatial
distribution of extreme precipitation events in ldealong with extreme riveunoff events in

the Koshi River basin of eastern Nepdbreover, his chaptecovers more contentslaborated

in different segmentdescribed below.

1 The availability and selection tifneseriedata and quality control of thdata.

1 Analysisof extreme precipitation events in Nepal.

1 Analysisof extremeriver runoff in the Koshi river basimand its relationship with the
extreme precipitation events

1 Relationship between extreme events of precipitagimhriver runoff, with theouthern
oscillationeventsi.e. El Niio and La Niia.

5.1 Data Availability and Selection

Observing and analysing extremmgdrometeorologicadvents needathorough exploration of

long timeseriesdata. For this research, the dapyecipitationand river ruoff datawere

obtained from the department of hydrology and meteorology of Nepal. Manually recorded data
from ground stations were obtainaddfilteredtof i nal i se t foethesamaldisi on s
Likewise, the Bivariate ESO Time-series(BEST) index was obtainefbr the analysis of
southern oscillation data from the National Oceanic & Atmospheric Administration of the US
Government (NOAA).

5.1.1 Precipitation Data

The Department oHydrology andMeteorology of Nepa{DHM) controls 282 precipitation
recording stations asss Nepal(DHM, 2016) However, data of only 274 stations were
available at the time (29.05.2016) of data collecftidre precipitatiomataconsists of daily24
hours)observedrecipitation(starting from 9 am the previous dag)millimetre. The DHM

usesa US-standard 8nch (20.32 cm)diameter manual precipitation gauge.tie case of
snowfall, the snow water equivalent is measured by melting the collected snow and then
measuring it as standardainfall measurement. Thus, the total precipitationdas discussed

in this research is both rainfall and snow water equivalent recorded at the respective stations.
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Moreover, the DHM controls the quality of the data by removing outliers and negative values
(Bohlinger& Sorteberg, 208).

Most of the daily pecipitation data is available frothe 1970s while some stations came into
operation in the recent decades of 90s and 2080/ Due to the increase of stations in recent
years there isalack of consistency in the daféhus, to have a consistent sedata, stations
having data from the 1970s until 2014 were selected. Datarnfrostof the stations start from
1974 whilesomeothers start from the late 19708.orderto include all these stations with
different but nearby starting datstations withdata from 192 until the late 1979 were
included.Finally, the concluding selection of stations was conducted by observing the years of
datagapper station. Any stations with multiple yearsdattagap leading to less than 36 years
of data were omitted tobtain the final list of the stationEhese filtration processésd tothe
removalof 70 stationsWhile the selected 204 stations haveahmost consistent 381 years

of available data per each station from 1974 to 201deesn Figure 51 below.

SUIUI: BII E 82:’[: 33: E 84;‘]: 85' E 86:’]: 87"1—_‘ 88:‘]:
send N Stations with Available Years of Data (Station Count)ps1°n
A HX <36 years (70)
Selected 204 Stations
*®  36-37 years (16)
R % 37-39 years (44) 2
¥ 39-41 years (144)
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Figure5.1. The location of the 274 statiomsth available years of data and the finalised 204 stations
to analysewith at least more than 36 years of available data.

5.1.2 River Runoff Data

The river runoff data was obtained from the DHM in May 2016. The DHM controls 51
hydrological stations in NepdDHM, 2016a) The DHM mainly uses the cableway system to
measure the dail(24 hours) runoff ircubic metre per secorfth®/s). The current meter of the
cableway system is controlled from the bank of the river by an operator using the cableway
cable. When the current meter is submerged into the moving water body, the opersidelya

read the velocity of water and other required information from the bank.
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The river runoff analysis was conducted in the Koshi River Basin (KRB) of Nepal. The KRB
is located in 27 districts of Nepal, as seen in Figure 5.2 b@wssain, Rasul, Mahapatra,
Wahid, & Tuladhar, 2018During the time of data collection #9.05.2016the DHM had data

of 27 river runoff stations from the KRB districts. Out of these 27 stations, the final stations for
analysis were selecteddml on the location, tributary of the main Koshi River known as the
Saptakoshi, and the amount of daily data available, as seen in Figure 5.3.
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Figure5.2. The location of Koshi River Basin districts in Nepa

Firstly, stations 1 to 5 were removed from the final set of the stations to analyse. Although these
five stations are in the districts of KRB the tributary rivers do not belong to the Saptakoshi river.
The river with station code 1 and2longsto the Karnali River basin while station code 3 to 5
belong to the Bagmati River basin which eventually mixes in the Karnali river in India.
Furthermore, to compare the extreme river runoff events with extreme precipitation events, the
river runoff statims with data from the early 1970s were preferred. Since the number of stations
is few, river runoff stations at major eight tributary rivers of the Saptakoshi were considered
even from the 1980s while tributary of these eight rivers was considered thdydéita started

from the early 1970s. Following this procedure further eight stations were removed to finalise
the list of stations to analyse.

From the finalised 14 stations, 11 stations are in the major tributary rivers of the KRB including
the Saptakds river. All but one major tributary river, Indrawati, is not included in the final set
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of the stations due to the unavailability of the data. Furthermore, data from station 6 and 10
located in the Arun river starts in 1985 and 1986 respectively. Inasonttata of all the other

stations start from 1974, except station 9 and 27, which starts from 1976 and 1977 respectively.
Li kewise, the data of all the stations end
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Figure5.3. The location of all the 27 river runoff stations from the Koshi River basin districts along
with the finalised 14 river runoff stations in the green cross, labelled as per the given station code.

5.1.3 Southern Oscillation Data

The southern oscillatiod at a was acquired from the U.S. D
Oceanic & Atmospheric Administration (NOAA) developed by Sardeshmukh and Smith (2000).
The SouthernOscillation (SO) is analysed using the bivariate EI NSamthernOscillation
timeserieBEST) index. The BEST index, also known as EI Nifio southern oscillation (ENSO)
index, provides a longmeseriedor research purposes. The BEST index is a combination of
Southern Oscillation Index (SOI), elaborated in Chapter 2Saa8urfaceTemperatte (SST)

also known as Nino 3.4 over 5N to 5S and 170W to 120W region.

Previously, ENSO was analysed based on the SST anomaly only. The SST is partially recreated
and not measured explicitly. Thus, including the aspect of air pressure through SOI reduced t
probable biases in the Nino 3.4 (Sardeshmukh & Smith, 2000). Hence, finally adopting a
balanced method to use both variables corresponding to high SST and low SOI values or vice
versa for each month of a year. The BEST index provides a reliable andanorete index to
explore the southern oscillation. According to Sardeshmukh and Smith (2000), the mean
climatology from 1898000 was removed followed by the standardisation of the values by
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month to attain mean of 0 and a standard deviation of 1 fbrmaath. Finally, the resulting
SST and SOI were averaged for each month otitheseriesto produce the BEST index.
Unlike the SOI, in the BEST index the El Nifio is represented with positive value (>1), La Nifia
with negative (<1), O for other and9 for the missing data. The BEST index for ementh
running meanimeserieds used in this analysis and is currently available from January 1870
to May 2018.

5.2 The Pattern of Precipitation Events

A regularprecipitation event in the tropical environment mighn extreme event for a region
with amoderate climat@Alexander et al., 2006Moreover, an extreme event for the dry season
can be aegularevent for a rainy season. Thus, a station and season relative theeshelkeded

to define the extreme ever(tSroitoruet al, 2016). In this research, extreme events of the 12
months and extreme events of thegh precipitation months (Ma§ctober), and low
precipitation months (Novembéypril) wereanalysed separatelindices exploring intensity
and frequencyf the events were uséd analyse the extreme precipitation. A station specific
thresholdthe 90" percentile index (R90) was used to analyse the intettsigholdof extreme
events. Using percentile isstandardnethod to determine and observe the extreme values of
precipitation (Bookhagen, 2010; Croitoru et al., @01

The R90 is objective, siHspecific and facilitates comparison between different stations or
regions (Haylock & Goodess2004) Likewise R90 indexis associated with the extreme
precipitation events at the Himalayan reginshnamurthy, Lall, & Kwon, 2009Bookhagen,
2010). The R90 (for days with >0.1mm of precipitation) was used to analyse the variation of
selectedstations around the country. Similarly, precipitation days and precipitatrayunt

were alsanalysed

Likewise, the frequency was analysed by observing days with a fixed threshold of more than
90" percentile of precipitation. Moreover, three or moreseantive days of precipitation over

the 90" percentile threshold was also explored to analyse the storm frequency of extreme events.
These precipitation frequency indices explore the changesumber of days while providing

a clear picture of the spatipattern however, only for a given region (Croitoru et al., @01

The Expert Team on Climate Change Detection Monitoring and Indices (ETCCDMI)
established a list of indices to analyse precipitation events (Zhang & Yang, 2004). ETCCDMI
indices are widgl used by researchers (Croitoru et al.,&01

The indices used in this research were modified from the original list to address the objective
of this research, similao Croitoru et al. (208). Furthermore, to include all extreme values,
further removabf any outliers was not performed, as the DHM already controls the data quality.
Table 51 presents the detail of modified indices for this research compared to the original
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indices.In contrast to the original indices, the indices used in this researehused for the

entiretimeseriesof a given station in order to comprehend the impact of extreme events over

the available years but not only the average of each year.

Table5.1. List of modified versions oéxtreme precipitation analysis indices used in this research in

contrast to the original version from ETCCDhang & Yang, 2004Croitoru et al., 208).

Original Indices Indices for this Research
Acronym | Name Description Acronym | Name Description
A number of dayg
. .. .. | Annual number of o _
Precipitation _ Precipitation| with more than
RO.1 days with more thal R0.1
Days Days 0.1mm of
0.1mm. o
precipitation
Extremely
RO heavy 90" percentile value
precipitation| of precipitation
threshold
Extremely | Annual number of Extremely
A number of dayg
heavy days when heavy o
R30 T L . | R90d " . . | when precipitation
precipitation | precipitation @) precipitation 5R90
days 30mm days
Annual total Total precipitation
o Extreme )
Extremely | precipitaton when .| when rainfall > 98
R99p : R90p precipitation )
wet days rainfal > 99" total percentilethreshold
percentile or during R90d.
Annual total
Annual total| amount of Total The ptal amount of
PRCPTOT| wet-day precipitation PRCPTOT recibitation cumulated
precipitation | cumulated in we] precip precipitation
days
_ Consecutive| Consecutive 3 o
Max 5day| Monthly maximum
o . 3-day more  days of
Rx5days | precipitation| consecutive f&lay | Rx3days o
o extreme precipitation abwe
amount precipitation o
precipitation| R90

Intensitybased index RO.1 is used to calculate the number ofwidtysnore than 0.1 mm of
precipitation. There was no need to modify this index. Likewise, R90 was not included in the
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original list of indices. As 90 percentile threshold is used in this research as extreme
precipitation, observing R90 for different stations was important. Likewise, R99p was modified
to R90p because the original list consider¥ p@rcentile asan extremely wet threshold in
contrast® 90" percentile threshold. Furthermore, the modified version of PRCPTOT calculates
total precipitation in contrast to the original versiahich only calculates the total precipitation

of wet days (>1 mm/day) in a year.

Similarly, R30 was modified to R@l. The 30 mm value was defined by the user, Croitoru et
al. (208), as per the need of their research. A$ pércentile threshold is considered as an
extreme event in this researthe number of precipitation days with more thai'@@rcentile
value was analysed Likewise, Rx5days index observes monthly maximurda$s of
consecutive precipitation. Howevethe dry months in Nepal may not experience any
precipitation event above the R90 value. Thus, to obshefeequency of storms, which are
extremeevents, Rx3daysvents fronthe entirdimeseriesvere analysed in this research.

The data was firstly managed by calculating the value of the respective parameter (indices)
from the entirdimeseriesExcept, R90 and Rx3days, these values were then neechaly the

years with available data per station and represented on a spatial scale. The same method was
conducted during the high and low precipitation months too. The high precipitation months
included months (Mayctober) from the same year, while tlwev precipitation months
included months (Novembépril) from the consecutive years. The distribution of data classes

in spatial representation was determined by using the Jenks Natural Break methodology from
ArcMap software. The Jenks Natural Break mdtiuentifies classes within data and accurately
represents the trends in the dd@ant, Torguson, & Hodler, 1999)

Moreover, the R90 is the Y(percentile value of the entitémeseries thus, represents the
danger level assmted with an extreme event in a given station throughoutinteseries
Likewise, the Rx3days without normalisation represents how many such events occurred during
the timeseriesn each station. As a result, this calculation gave a single value spectae
parameter for each station, which was then analysed and interpreted based on elevation,
direction and topographical barrier. Regarding the data quality, the outliers were not removed
because first, the DHM controls them and second, not to misxtreme events. Likewise,

days with data gap (3.05% out of the total data days) were left asculeng the calculation

5.2.1 Total and Extreme Events during All Months

This subchapter presents the findings of total and extreme precipitation events dhaihg t
months period. The events are presented based on the calculations of six parameters, as
explained above. The total precipitation amount ranges from 146.7 mm/year to 5386.2 mm/year
while the total precipitation day ranges from 21 days/year to 190yeay<hroughout Nepal.
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Figure 5.4 presents the spatial distribution of total precipitation amount and total precipitation
days during the 12 months period throughout the selected stations in Nepal.

The total precipitation amount (PRCPTOT) shows no sicgnifi relationship with elevation
while total precipitation days (R0.1) shows an increment of events with increasing elevation
with a significant (at 95%) coefficient of correlatidhnear) of 0.44. Interestingly, both
parameters PRCPTOT and R0.1 shownaneament of events towards the east with a significant
correlation of 0.15 and 0.3, respectiveurthermore, these significant relationships can be
verified by observing the Figure 5.4 below.

As seen in Figure 5.4, the R0.1 stations in the southerropBlgpal have comparatively low
values than the PRCPTOT stations in the south. This indicates intense precipitation events in
the southern part of Nepal compared to the other parts. This observation is further validated by
the significant correlation 60.58 between elevation and PRCPTOT per RO.1. In general, this
means the southern parts or low elevation parts of Nepal receive more precipitation in fewer
days, but as the elevation increases the intensity of precipitation per wet days decreases.

N Precipitation per year
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@ 1000 - 1500 mm/year
@ 1500 - 2000 mm/year
() 2000 - 3000 mm/year
@ 3000 - 5500 mm/year

Precipitation days per year
2 <70 days/year
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@ 90- 120 days/year

(O 120 - 150 days/year

@ 150- 190 days/year
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Bl <300m

B 300 - 1000 m
B 1000 - 2500 m
[ 2500 - 4000 m
14000 - 5500 m
[ 1>5500m

I Kilometers

Figure5.4. Total precipitation per year and total precipitation days per year in Nepal.

Likewise, the R90 or 90percentile value of the precipitation events from the etitireseries
which is the threshold of extreme precipitation also decreases with the increase of the elevation
as seen in Figure 5.5 below with a significant coefficient of correlatied.©1.
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Figure5.5. The extreme precipitation threshold (R90) throughout Nepal.

The R90 ranges from 10.4mm to 78.5mm throughout Nepal with highest concentrations in the
southern plains but shows no trend dependanthe direction. In contrast, R90d or extreme
precipitationdays increases with elevation and towards the east with significant correlation
coefficients of 0.44 and 0.33, respectively. Likewise, the R90d ranges from 2 days/year to 19
daysl/year.
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Figure5.6. Extreme precipitation days throughout Nepal.
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Interestingly, as seen in Figure 5.6, the highest R90d stations are located in-teatratiand
north-east parts of Nepal. The nomlast parts with highe&®90d stations are located close to
the orography barriers indicating vulnerability in the high Himalayas.
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Figure5.7. Total extreme precipitation throughout Nepal.

However, R90p or total extreme precipibatamount shows opposite characteristics in regards

to the relationship with elevation compared to R90d. The R90p, although not strongly but
significantly, decreases with elevation but increases its concentration towards the east. This
observation, as seén Figure 5.7, is supported by testing R90p per R90d for each station. This
analysis shows higher R90p per R90d in the southern stations of Nepal, which decreases
significantly with the increase of elevation with a correlatior@69. In general, the ®d

values are comparatively lower in the plains of Nepal, but the higher R90p in the plains means
more extreme precipitation amount in less time compared to the hills or the high Himalayas.

In contrast, the relationship with elevation and direction issmhooth continuum, as indicated

by the coefficient of correlation values. Precisely, the-cadtral part of Nepal, which is the
wettest region, shows the highest events even in parameters decreasing their concentration with
increasing elevation such d&90 and R90p. In general, R90p per R90d analysis shows less
amount of R90p in the hills during more R90d.

However, the R90p shows a double band of concentration, as seen in Figure 5.7, the first
increment in the second rise of elevation and second inotefter the third group of elevation.
These findings suggest high R90p amount during high R90d events in the higher hills. Thus,
the plains and hills both show vulnerability associated with extreme events; however, their
dynamics are different but not rggple. Additionally, the R90d and R90p events are highly
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concentrated on the eastern side of Nepal. Thus, these observations are more representative of
the central and eastern parts of Nepal compared to the western parts.
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Figure5.8. Three of more continuous days of extreme precipitation events throughout Nepal.

Likewise, the three or more consecutive days of extreme precipitation (Rx3days) events also
follow the same pattern as tRO0d with a significant increase of concentration towards the
east and with the rise of elevation. The Rx3days events range from 0 to 33 evimisgegies
throughout Nepal. As seen in Figure 5.8, the highest events occur in teemiridl, and north

east belt of high Himalayas of Nepal. This indicates a higher vulnerability of the high hills and
the high Himalayas.

Moreover, except total precipitation amount, the inteAs#tyed parameters R90 and R90p
show a significant inverse relationship with iresang elevation while, frequendased
parameters R0.1, R90d, and Rx3days show a significant direct relationship with the increasing
elevation. Likewise, all the parameters, except R90, show significant direct relationship towards
the east. This shows tlvecreasing concentration of events towards the east where the onset of
monsoon arrives.

5.2.2 Seasonal Total and Extreme Events

This subchapter presents the findings of total and extreme precipitation events Highng
Precipitation Months (HPM), i.e. MayOctdber, andLow PrecipitationMonths (LPM), i.e.
NovemberApril. The all or 12 months duration analysis of events is dominated by monsoon
events which occur within the HPM. Thus, there are similarities between the findings of all
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months and HPM duration. The striking similarity is the pattern of a sgnif relationship
between the events of each parameter with elevation and direction.
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Figure5.9. Extreme precipitation threshold (R90) during entire high precipitation months (HPM) and
low precipitation maths (LPM) in Nepal.

The total precipitation amount during HPM and LPM range from 107.4 mm to 5090.4 mm per
HPM of each year, and 39.3 mm to 527.4 mm per LPM of each consecutive years. The
difference of range indicates the polarity of the strength of svagtiveen HPM and LPM.

Alike the events of all months, the PRCPTOT during HPM also shows -@igoificant
relationship with elevation, while R0.1 shows a significant positive relationship. However, the
concentration of both PRCPTOT and RO.1 increasestimghncrease of the elevation during

the LPM period with a significant coefficient of correlation of 0.37 and 0.57, respectively.

These observations indicate the impact of winter precipitation in the higher parts of Nepal
compared to the plains. In corgtathe R90 shows a strong presence in the plains than the hills

during both HPM and LPM, but it also increases towards the west during the LPM, while during
the HPM the strength of R90 is spread throughout the southern part of Nepal (Figure 5.9).

The sigificant increment of R90 during the entire LPM period towards the west with a
correlation of-0.24 further establishes the role of westerly during the winter period in Nepal.
In contrast the other three parameters, R90d, R90p, and Rx3days during theshBW,a
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significant direct relationship with increasing elevation suggesting the impact of westerly
induced winter precipitation in the hills of Nepal.
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Figure 5.10. Extreme precipitation days (R90d) duringtnh precipitation months (HPM) and low
precipitation months (LPM) of each year in Nepal.

However, there is no observed significant relationship between these three parameters with the
direction during the LPM. Although, this relationship is not significhat as mentioned above

the relationship with elevation and direction is not a smooth continuum. Figure 5.10 and 5.11
shows increase (decrease) of events in the western (eastern) side (above 300m) during the LPM
period compared to the HPM.

Interestingly,during all months and HPM, the R90p decreases with the increase of elevation
while R90d increases with the increase of elevation, but during LPM, both R90d and R90p
increase with the increase of the elevation. However, the difference between their ihcremen
shows R90p per R90d during LPM has high concentration in lower to mid (1500 m) elevation
compared to the higher ones. In general, these comparisons suggest the low impact of extreme
precipitation in higher elevation stations.

However, in both Figures $land 5.11, the presence of highest concentration events in the
north-east corner of Nepal during LPM suggests pressure of precipitation events in this high
region of the Himalayas. Moreover, thad-centralpart of Nepakhows high activity during
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both HAM and LPM. Furthermore, the three or more continuous days of extreme precipitation
events (Rx3days) during HPM and LPM both show a positive yet significant relationship with
the elevation. Moreover, the Rx3days during the HPM period shows similarityhaitioftall

mont hés events. However, the Rx3days during
Thus, there is no major significant pattern observed in its findings.
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Figure5.11. Total extreme precigation amount (R90pduring high precipitation months (HPM) and
low precipitation months (LPM)f each yeamn Nepal.

5.3 The Pattern of River Runoff Events

Except for the starting and ending years of the fourteen finalised river runoff stations as
mentionedm chapter 5.1.2, there were multiple data gaps within these years which accounted
for 6.35% of the total days of data. Such data gaps were recorded as blank while the years with
more than 30 days of consecutive data gap were omitted from the calculatidarito remove

any negative bias of that year in the per year calculation dinteseries Table 5.1 presents

the list of finalised stations, including the station code, starting and ending year of the available
data, total data available in the yea@fdre and after the filtration, name of the river, and its
catchment area.
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Tableb.2. Detail list of finalised river runoff stations from the Koshi River bdBHM, 2016a)

Station Year Data Availability in Years River Catchment
Code | Starting | Ending |Before Filtration |After Filtration Area (km?)
6 1985 2008 24 23 Arun 26,750
7 1974 2008 35 33 Sabhaya 375
9 1976 2008 33 33 Arun 28,200
10 1986 2008 23 22 Arun 30,380
11 1974 2008 35 27 Bhote Koshi 2,410
12 1974 2006 33 32 Balephi 629
14 1974 2008 35 33 Sun Koshi 4,920
16 1974 2008 35 32 Tama Koshi 2,753
17 1974 2008 35 33 Khimti 313
18 1974 2008 35 27 Sun Koshi 10,000
19 1974 2008 35 23 Likhu 823
22 1974 2008 35 35 Dudh Koshi 4,100
26 1974 2008 35 34 Tamur 5,640
27 1977 2008 32 30 Saptakoshi 54,100

The river runoff data analysis follows a similar method used in the precipitation data analysis.
Analysing the status of extreme river runoff is an essential part oégarch because knowing

the extreme runoff val ue wil | hel p unders
information is still not available for most rivers of Nepal except some major rivers such as the
Saptakoshi.

Moreover, those rivers with avail@binformation indicate generalisation of the data. For
example, thénternational Centre for Integrated Mountain Developnf2iMOD), a regional
intergovernmental knowledge sharing centre serving the eight Himalayan countries, states
danger level of stain 26 as 4,500 #fs, however, its 90percentile threshold from 1972008

is 835 ni/s, and during this period there were only three days with more than 4%©0fm

water runoff in station 26ICIMOD, 2019. For this analysis, four parameters were used,
namely R90, R90d, R90p and Rx3days. These parameters were adopted from the precipitation
data analysis, and its details are in Table 5.3 below.

Table 5.3. Parameters used in river water runafialysis and its description adopted from the
precipitation data analysis chapter 5.2.

Parameter | Description

R90 90" percentile value (extreme water runtsffeshold of river runoft
R90d Days with higher water runoff than the R90 value.
R90p Total extremewater runoff whee runoff value is higher than the R90.

Rx3days The rumber of events witthreeor more consecutive R90d.

The abovementioned parameters were calculated for the enimeeseries and for
representation, the R90d and R90puea were normalised bthe number of years after
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filtration, while the R90 and Rx3days were represented as it wasnpeseries Since the
objective of this research is to analyse the extreme river runoff situation, a similar data
representation as doirethe precipitation analysis part was done. This finding, when compared
between rivers and its catchment area, will comprehend the level of threat from the extreme
water runoff in the rivers of the Koshi RivBasin (KRB). In line with the extreme predggtion
chapter, the extreme river runoff events are also above the&@entile events. The detail
findings of the four parameters, as described in Table 5.3 above, are elaborated below.

Extreme river runoff (R90) @ 85-200m%s @) 1300 - 3900 m¥s Total extreme river runoff (R90p) per year () 40,000 - 65,000 (m*/s)'year

< 10,000 (m*/s)'year
- & . 200 - 3 ®
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Figure5.12. The spatial distribution of the values of extreme river runoff parameters in the selected
Koshi River basin network of Nepal.

As seen in Figure 5.12, the®@ercentile value (R90) in the KRB ranges from 54 %sno

3,900 m?/s. Moreover, the R90 also shows a significant increasing relationship with the size of
the catchment area of the river with a coefficient of correlation of 0.89 but none with the
elevation. Furthermore, Sabhaya (7) and Khimti River (17) are tribsitafrigight major rivers

in the KRBandfall on the lowest R90 category. Likewise, the Saptakoshi (27), the merging
point of all the KRB tributary rivers, has the largest R90 valugSfBnt/s. While, Sun Koshi

River (18) which is the merging point of #fle western tributaries of the KRB, and the Arun

(9 and 10) and Tamor River (26) which arrives from the eastern side of the Saptakoshi without
major tributaries fall on the first and seceadyest category. As a conclusion, the danger level

or extreme wer water flow is different in the hilly region or near to the origin compared to the
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plains, which is further related with the size of the river and shows a different level of rivers
based on its location, catchment area and the point of origin.

Furthermore, as seen in Figure 5.12, the extreme river runoff days (R90d) does not show any
significant relationship with the catchment area of the rivers. However, the interesting fact in
R90d observation is the range of value between all the statioasliess of elevation, river

size or origin, and the location is only 13 days per year. Such small range shows that the number
of days or frequency of extreme events is similar throughout the KRB rivers.

Likewise, alike the R90 observation, which showsithensity of the extreme conditions, the
total extreme river runoff amount (R90p) also shows a significant increasing relationship with
an increase of catchment area of the river with a coefficient of correlation of 0.9. Moreover, the
range of R90d is conapatively small in all the KRB river tributaries, but the R90p varies
greatly like the R90 values. These observations indicate similar flood frequency, even with
different observed intensities. In general, the lower R90 or R90p intensity stations a¢ss poss

a risk of similar flood days as of the higher intensity stations, as seen in Figure 5.13 below.
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Figure5.13. Lower to higher intensity stations showing almost similar R90d with increasing R90p

Two paraneters are measuring each intensity and frequency of the extreme river water runoff.
Similar to the observations between R90 and R90p, which are the parameters of intensity, the
R90d and the three or more consecutive days of extreme river runoff (Rx3doags)eters of
frequency show much similarities. Alike the R90d, the Rx3days shows no observable
relationship with a catchment area of the river or elevation while its occurrence has no
significant pattern. For example, the river with the smallest catahanea (station 17) shares

the highest Rx3days event with a rside river of station 26. Moreover, the intensity of station

17 is second from lowest, but, in contrast to high intensity, the stations 10 and 18 have low
Rx3days, while stations 9 and 26 trhast similar intensity have high Rx3days.
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5.4 The Trend of Extreme Precipitation and River Runoff Events

Analysing the trend of extreme events between related precipitation and river runoff stations
will enhance knowledge on the state of extreme events iRdblei RiverBasin (KRB) region.

Thus, the scope of this analysis is to compare extreme precipitation and extreme river runoff
trend between related precipitation and river runoff stations.

For this analysis, the precipitation stations which are relatéaetoiver runoff stations were
identified based on its location and proximity and is identified in Figure 5.14. Out of the 17
precipitation stations, data of stations 4 and 10 starts from 1978 while the data from rest of the
stations start from 1974. Lilese, the data from stations 3 and 15 ends at 2013 while the data
from remaining stations end at 2014. However, there are years with missing data in these total
years, which were left as blank during the calculation, as explained in the precipitation data
analysis chapter.
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Figure5.14. Related precipitation and river runoff stations in the Koshi River basin of Nepal.

The trend analysis was conducted using the Méamdall trend test. The detailed methodology

of this test is elaborated in chapter 3.4.1. The Mé&endall trend test was conducted on yearly
extreme values of R90, R90d, R90p, and Rx3days of each station from both precipitation and
river runoff stations. The details of the parameters are explanedapter 5.2 and 5.3 for
precipitation and river runoff stations, respectively.
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Since the yearly data of each station did not exceed more than 41 years, and moreover, its
sources were already quality controlled, any homogenisation test was not condactedn

in Figure 5.14 all river runoff stations are related with either one or more precipitation stations,
while the river runoff station 19 is not related with any precipitation station, thus it was omitted
from this analysis. Furthermore, to group thkated precipitation and river runoff stations, they
were compared based on their clusters as categorised in Table 5.4 below.

Table5.4. A cluster of precipitation and river runoff stations based on thedttion and proximity. The

first set of stations in the same cluster is between the furthest precipitation station compared to the river
runoff station.

Station Code (Precipitation Station Code (Precipitation and

and River Runoff) Cluster River Runoff) Cluster

1 and 6 1 10 and 16 8
3and 6 1 11 and 18 9
2 and 26 2 13 and 11 10
4 and 7 3 12 and 11 10
5and 10 4 15 and 12 11
7 and 10 4 16and 14 12
6 and 9 5 14 and 14 12
8 and 22 6 17 and 27 13
9and 17 7

The yearly extreme events of precipitation and river runoff are analysed over a period ranging
from 3741 years, and 235 years, respectively. Interestingly, there is more decreasing trend
in extreme events compared to increasing trend. Table 5.5 présentserall quantity of
precipitation and river runoff stations with increasarglecreasing trend of extreme events.

Table5.5. The trend of extreme events of precipitation and river runoff statiadifeénent parameters.

Percentage of Stations with Extreme Percentage of Stations with Extreme River
Precipitation Events Trend Runoff Events Trend
Parameter | Increasing | Decreasing Parameter Increasing | Decreasing
R90 5.88 17.65| R90 14.29 21.43
R90d 11.76 29.41| R90d 0.00 21.43
R90p 5.88 52.94| R90p 14.29 28.57
Rx3days 5.88 0.00 | Rx3days 0.00 0.00

Except for Rx3days in precipitation stations, the other parameters experience more decrease of
extreme event o6s tr e maationship & thevtresdebetweanothe metated c e
stations is observed, as seen in Figure 5.15. In R90 the stations of cluster 9 have a negative and
positive trend in precipitation and river runoff stations, respectively. Similarly, in R90d, the
first set of gations from cluster 10 has an increasing trend in precipitation station while
decreasing in the river runoff station. In contrast, stations of both events in cluster 11 have a
decreasing trend.
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Figure5.15. Trend analysis of precipitation and river runoff extreme evaritee Koshi River basin of
Nepal.

However, in R90p out of the total 17 clusters of stations, 5 clusters have some form of
relationship. Cluster 7 has an increasing trend in precipita@diostand a decreasing trend in
river runoff station while this relationship is opposite in cluster 9. Furthermore, both sets of
stations from cluster 12 have a decreasing trend of precipitation and river runoff, while the
second set of stations from cleist also has the same relationship.

Finally, there is only one increasing trend observed in the Rx3days between both parameters;
thus, there is no relationship between its linked stations. The cluster 9 in R90 and R90p and
precipitation stations of clustd0 in R90d and Rx3days show a similar pattern. Likewise, in
simultaneous order, for precipitation and river runoff stations, the extreme events have two
situations with decreasing and increasing trend, two situations with increasing and decreasing
trend and three situations with decreasing and decreasing trend, respectively. Thus, further
elucidating the role of other factors than precipitation in determining the extreme events in the
river runoff. Moreover, the location, frequency and intensity alond vemvironmental
conditions also impact the extreme event trend.
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