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Abstract

ABSTRACT

Bangladesh faces multi-dimensional challenges related to, among others, population growth,
rapid urbanization, land use change and natural hazards. The severity of these challenges is
more intense given likely climate change. Dhaka, the capital, is the hub of socio-economic and
cultural activities of the country. It is one of the world’s fastest growing megacities. Continuous
urban expansion is degrading and drastically reducing natural green and blue spaces and
associated ecosystem services affecting residents’ wellbeing. This interdisciplinary research
addresses urban ecosystem services assessment, valuation, governance, and management. |
identify socially acceptable and economically feasible green strategies for managing
ecosystem services in an urban setting. My study is novel in that it integrates environmental,
economic, and social aspects of urban ecosystem services management through quantitative

and qualitative evaluations.

My study area was the Mirpur-Pallabi Zone of Dhaka North City Corporation. | undertook
field-level observations, surveys, in-depth interviews with experts, and collected secondary
data from literatures. Approaches to analysis included satellite image analysis, ecosystem

services analysis, direct and indirect market valuation methods, and policy analysis.

The ecosystems | identified in the study area were diverse and included various vegetation and
waterbodies. | produced an inventory of current ecosystem services for each ecosystem under
four categories: provisioning (food, fodder), regulating (carbon sequestration, influence on air
quality, natural drainage), cultural (recreation, religious use), and habitat (refugia for resident

and migratory birds) ecosystem services.

| evaluated and compared the economic importance of selected marketed and non-marketed
ecosystem services. Gross values were estimated to be BDT 5.3 million (USD 68,465) for
provisioning services, BDT 3,257 million (USD 42 million) for regulating services and BDT
92.8 million (USD 1.19 million) for cultural services in 2016.

| assessed ecosystem related policies/activities of the government, non-governmental

organizations (NGOs), and private sector organizations. Agricultural lands, rivers, wetlands,



Abstract

and mangrove forests in rural and coastal areas were governance priorities in Bangladesh.
Urban ecosystems received much less attention in all three governance regimes. The
government emphasized regulating and habitat ecosystem services. The NGOs and private
sector organizations highlighted provisioning and regulating ecosystem services. Ecosystem
conservation and restoration got higher priorities than new ecosystem/ecosystem services

generation.

| evaluated green adaptation strategies implemented worldwide at city levels (parks, gardens,
green roof, rainwater harvest, green facades/wall, porous pavement). | assessed their social
acceptance and economic feasibility for implementation in Dhaka. Rooftop garden/agriculture
had very high social acceptance (85%) and economic feasibility and was commonly practiced
in Dhaka particularly among house owners. Pocket park, green roof, rainwater harvest, green
facades/wall, porous pavement, and community garden were all considered highly feasible for

implementation with collective efforts but had lower social acceptance.

My study is a first step, which could serve as a basis for in-depth analysis for sustainable urban
environmental management in Dhaka. Such continuing research would be valuable for other
cities in Bangladesh and in other developing countries similarly exposed to climate change

and urban population growth.



Declaration

DECLARATION

This thesis contains no material which has been accepted for the award of any other degree or
diploma at any university or equivalent institution and that, to the best of my knowledge and
belief, this thesis contains no material previously published or written by another person, except
where due reference is made in the text of the thesis.

Naeema Jihan Zinia

November 07, 2018

Dhaka, Bangladesh

vi



Publications

PUBLICATIONS DURING ENROLMENT

1.  Zinia, & McShane. (2018). Ecosystem services management: An evaluation of green
adaptations for urban development in Dhaka, Bangladesh. Landscape and Urban
Planning, 173, 23-32. doi: https://doi.org/10.1016/j.landurbplan.2018.01.008

2.  Zinia, & McShane. (2018). Significance of urban green and blue spaces: Identifying and
valuing provisioning ecosystem services in Dhaka city. European Journal of Sustainable
Development, 7(1), 349-362. doi: 10.14207/ejsd.2018.v7n1p349

Vii


https://doi.org/10.1016/j.landurbplan.2018.01.008

Thesis Advisory Team

THESIS ADVISORY TEAM

Main Supervisor
Professor Paul McShane

Adjunct Research Fellow
School of Social Sciences, Faculty of Arts

Monash University

Associate Supervisor
Professor Michael Ward

Head of Department, Economics
Monash Business School

Monash University

Other Advisors

Professor Emerita Marika Vicziany, Monash Asia Institute, Monash University

Professor Nigel Tapper, School of Earth, Atmosphere and Environment, Monash University

Dr Megan Farrelly, School of Social Sciences, Monash University
Dr Annette Bos, Monash Sustainable Development Institute, Monash University

Dr Anke Leroux, Monash Business School, Monash University

This research was conducted at Monash Sustainable Development Institute, Monash University,

Clayton campus, Australia.

viii



Acknowledgements

ACKNOWLEDGEMENTS

Praise be to Allah, the Most Merciful and the Most Compassionate.

When | was a schoolchild, Bapi (my father) once told me to think about pursuing a PhD degree
in future. I did not have any clear idea of what PhD was at that time, but a seed was planted in
my brain! I completed the school, college, and university degrees and when it came to choose
a career, | did not know exactly what | wanted to do, but I did know what I did not want to do!
Elimination method always works fine for me. | discovered my immense passion for research
while studying at Wageningen University in the Netherlands. After that, | never hesitated, never
questioned my aim, and started developing my career in environmental research with
confidence. This doctoral degree is the germination of that seed of aspiration planted by Bapi
in my childhood.

| was searching for a suitable PhD position to further develop my knowledge and skills. By
‘suitable’, I meant- a supervisor willing to guide me on the research idea that | had in mind,
full funding, and a university with a good reputation in a country within a half-day travel from
Dhaka! This was no less challenging than a marriage match making! | received two or three
rejection letters. One rejection letter was from Monash University. It was upsetting. One day |
told Aammu (my mother) that if she prayed to Allah for me from her heart | would definitely
get the opportunity I was looking for. A few weeks later, a miracle happened! | received a letter
from Monash University; they had amended their decision and awarded me a scholarship to
pursue a doctoral degree. That day I realized the strength of a mother’s prayer. I came to
Melbourne and commenced the PhD program on December 16, 2014, the Victory Day of
Bangladesh and Aammu’s birthday! What a great day to start a new phase of my life!

With the publication of this PhD thesis, a journey has come to an end during which | asked a
lot of my supervisors, colleagues, friends, family, and myself. | am forever grateful to a number
of organizations and people for their support and encouragement. My research was funded
through a Monash Graduate Scholarship (MGS), Monash University with the Monash
Sustainable Development Institute (MSDI). | would like to express my heartfelt gratitude and
appreciation to Dr Paul McShane, my main supervisor, for his continuous encouragement and
support right from the beginning. No matter in which country he was travelling, he always

found time to respond to my queries. | never had to worry much about arranging funds for



Acknowledgements

bearing the field expenses and attending international conferences/seminars. Paul made my
PhD journey smooth. The last month before my thesis submission, Paul flew all the way from
Tasmania to Melbourne every week to supervise my work in person. | felt much loved and
taken care of. | would not have been able to complete the economic analysis part of my thesis
without my associate supervisor Professor Michael Ward. He taught me to calculate complex
things in simpler ways, think from different angles, and turn weaknesses into strengths. Any
questions were welcomed by him no matter how silly. Michael made me realize that
calculations could be enjoyable too! | am equally thankful to Dr Megan Farrelly for her
academic stimulation and advice that guided my work on governance. She showed me how to
analyze critically. | greatly benefited from the comments and suggestions of the respected
panelists for my yearly progress review seminars: Professor Emeritus Marika Vicziany,
Professor Nigel Tapper, Dr Annette Bos, and Dr Anke Leroux. | would like to acknowledge
the contributions of the experts that | met in the international conferences and seminars that I
attended in Dhaka, Rome, Jakarta, Southampton, Manila, Batangas City, and Melbourne. My
thanks go to my PhD thesis examiners Dr Saleemul Hug and Dr Douglas Hill for their kind and

encouraging words.

My fieldwork in Dhaka was eventful. It was extremely challenging to access respondents for
the household surveys. Shofiul, Kumkum, Tashmiah, Manik, Tahmid, and Nur Islam made it
possible ignoring high humidity, ~40° Celsius temperatures, Nor'westers, rains, even the
cyclone Roanu. I cannot thank them enough for the hard work that they did for me. | thank
Habib, Shahabul, and Arthi for helping me with observation activities, Swarna and Faysal for
being supportive while measuring trees in the park and on the roadsides. My heartfelt thanks
go to Faheem who was always there when | needed someone to accompany me for an interview
session. | also thank him for the video clips of roads that he recorded for me. | could not have
completed GIS mapping without the help of Opu. The survey data entry was a lengthy process.
| am grateful to Rafiquzzaman who developed a dedicated data entry and digitization software
to make my life easy. | would like to extend my thanks to Dr Niaz, Dr Saleh, Dr Shuvo, Mr
Faruk, Mr Mofiz, Ms Rimy, Ms Lithi, Ms Tahmina, and colleagues from ICCCAD and MSDI
for their advice. Overall, | am very much obliged to the interviewees and the surveyed

respondents.

| have enjoyed every moment of my PhD journey: working until morning, waking up at noon,

eating instant noodles late at night while watching movies or TV, talking over the telephone



Acknowledgements

for hours, exploring the beauty of Australia, travelling to new countries, and the list goes on...
Some people made those moments more cherish-able. | appreciated being able to share ideas
and moments of doubts and happiness with Afentina, my PhD companion. Our small
celebrations with delicious desserts and chai latte and shopping when stressed were
motivational. Tasvir, Sonia, and Rehab fuelled my energy with lively conversations and
laughter. My childhood friends Rita, Josephine, and Nayeema always believed in me and
inspired me to keep going. Last but not the least; my heartiest gratitude goes to my current and
previous housemates Joyce, Kathy, Natesha, Eliza, and Tanmeet for being amazingly
supportive. They complied with my irregular timetable and demand for quietness, did grocery
shopping for me, and cleaned up my unwashed utensils piling up in the kitchen! The time that

we spent together in our home in ‘The Rise’ was peaceful and memorable.

The last three years away from home could have been difficult without the constant support
and encouragement from my family. My loving parents, siblings Tania aapu and Tansim bhaia,
in-laws Tinni bhabi and Mamun dulabhai, our little bundles of joy nephew Ishaat and nieces
Triya and Zahreen were sources of moral strength throughout this whole time. Whenever | felt
down or wanted to share happiness, they were just a call away! | am sincerely grateful for the
internet and the video call apps! | am indebted to Munni auntie, Sharif khalu, and cousins Aupi
and Aurnab who did not let me feel homesick in Melbourne. The kindness and love they
showered on me were unparalleled. 1 would like to express my gratitude to my extended
relatives in Bangladesh who have showed constant affection to me. They always made me feel

special!

Praise be to the Almighty Allah for making my every step a success and letting me complete
this doctoral degree. My faith and prayers strengthened my confidence to explore new windows
of knowledge that | hope will be continuing. 1 am grateful for getting the opportunity to
materialize my dream of pursuing the highest academic degree and to contribute somehow to
the magical city of Dhaka- the place where | belong. | hope that | have made my family proud.

With that note, 1 would like to dedicate this thesis to my beloved parents Kamrun Nahar Shelly

and Abu Bakar Siddique. Aammu Bapi, | love you to the moon and back. == a5, cericws iceaifi

Naeema Jihan Zinia | & fergi ferfaz
Melbourne, 2018

Xi



Contents

CONTENTS
F N S 2 ¥ N SRR iv
] O I N I [ ] SRR vi
PUBLICATIONS DURING ENROLMENT ..ottt vii
THESIS ADVISORY TEAM ..ottt viii
ACKNOWLEDGEMENTS ..ottt sttt ne s iX
CONTENT S ettt b ettt ettt e b e et et e st e b et e b e st e be st et e beste e eneerens Xii
LIST OF TABLES ... oottt sttt sttt st nenns XV
LIST OF FIGURES ...ttt ettt an s Xvii
LIST OF IMAPS ...ttt ettt ese et e e b e s xviii
LIST OF IMAGES. ...ttt sttt bttt nne s Xix
ABBREVIATIONS AND ACRONYMS .....coiiitiiieiiieieise et XX
CHAPTER 1: GENERAL INTRODUCTION ....cociiiiiieieiiesieiese e 1
1.1 BACKGROUND......ciiitititetet ettt sttt ne et seeneanas 2
1.1.1  Current Understandings on Urban Ecosystems and Ecosystem Services............ 3
1.1.2  Economic and Social Outlooks for Urban Ecosystem Services .............cccceevenee. 7
1.1.3  Urban Ecosystem Services in the Context of Bangladesh.............cc.ccocovennee. 13
1.2 PURPOSE OF THE RESEARCH .....oooiii et a e 16
121 RESEAICH AIM ...t nre e enes 16
1.2.2  ReSearch QUESTIONS .......cuiiieiieie et sre e nns 17
1.3 METHODOLOGY ...ttt ettt tee sttt et e s nae e e aae e sneeeanneae s 17
131 SHUAY @r8A....ceieiieieicieeiee ettt 17
1.3.2  System Boundaries and Scope of the Study ..........cccevvvviiiinenicieceeee, 19
1.3.3  Research Design and Conceptual Framework ............ccocevevineninenincsieeenen, 22
1.3.4  Data collection Methods...........ccviieiiiieiieiiee e 24
1.3.5  Data mManagemMENt.........cccueiiiiieiiiiie it ciee et e e sire et e e aaae e 30
1.3.6  Data analysis approaches and toolSs............cccccevviiiiiiiiciic e 31
14 THESIS CONTOUR .....ooiii ittt e e ree e snea e 35
CHAPTER 2: TYPOLOGY, INVENTORY, AND VALUES.........cccco i 38
2.1 INTRODUCTION . ....ciiiie ittt sre et e e e e e aaeeanseeeennns 39

Xii



Contents

2.2 IMETHODS ... .o e e nres 41
2.2.1  Satellite Image Analysis and GIS Map Preparation ...........cccocoevnviininieniennnn, 41
2.2.2  ODBSEIVALION ....ocuiiiiecieeie ettt sttt ettt sre e te e reene e 41
2.2.3  Household Survey and In-depth INtErVIEW ...........ccooveiiiiiiiiiice e, 42
2.2.4  ECOSYStEM SEIVICES ANAIYSIS.....oiuiiiiiiiiiitiiie st 42
2.2.5  Ecosystem Services Quantification Methods...........cccocvvviiniiiiiniienene e, 43
2.2.6  Valuation MEthOGS. ........ccooiiiiiiiiiiee e 46

2.3  TYPOLOGY OF URBAN ECOSYSTEMS .....coiiiieiiiiiieiee e 47
2.3.1  Identification and ClasSifiCatioN ...........ccociiiiiniiiinieieee e, 47
2.3.2  QUANLITICATION ...vviiieccic e s re e ebe e s be e b re e 50

2.4 INVENTORY OF URBAN ECOSYSTEM SERVICES.........cccoeiviiiieiiieieriennns 54
2.4.1  Provisioning Ecosystem Services (PES)......ccccccvviiievi i 54
2.4.2  Regulating Ecosystem Services (RES) .......ccevviiiiieiiiieseese e 60
2.4.3  Cultural Ecosystem Services (CES)......cccuviiiiieiiieiieie e 74
2.4.4  Habitat Ecosystem Services (HES).........cccvieiiiiiiicic e 78
2.4.5  The INVENLOIY MAatriX ......c.cciveieiie ittt 79

25 ECONOMIC VALUES OF URBAN ECOSYSTEM SERVICES..........cccevvvveennee. 82
2.5.1  Valuation Of DireCt USE ValUES .........cccoveiiiriieii e 82
2.5.2  Valuation of Indirect Use ValUES............cccueiieieniiiiieece e 85
2.5.3  Total Gross Values of ECOSYStEM SEIVICES .......ccccvvveieierienierienesie s, 87

2.6 CONCLUSIONS AND DISCUSSIONS ...t 89

CHAPTER 3: URBAN ECOSYSTEMS, ECOSYSTEM SERVICES, AND GOVERNANCE
REGIME ... ettt et e et e et e e et e e et e e e te e e aneeeanseeeanseeeanns 102

3.1 INTRODUCTION . ....coii ettt sttt e e e e s e e e naeeanneeeanes 103

3.2 METHODS. ...ttt ettt se e b te e re e e nes 106
321 IN-AePth INTEIVIBWS ...ttt 106
3.2.2  POHICY ANAIYSIS ..ot 106
3.2.3  Household Surveys and ODSEIVatioNS ...........ccccoeriririeiienenene e, 108

3.3 GOVERNANCE OF ECOSYSTEMS AND ECOSYSTEM SERVICES.............. 108
3.3.1  The government legal QUIdEIINES .......ccccouiiiiiiiiiiee e, 108
3.3.2  Theroles of NGOs and private sector organizations............c.cceeeevereereereenns 117

3.4  CONCLUSIONS AND DISCUSSIONS .......ooiiiiiiinienieieie e 121

CHAPTER 4: GREEN ADAPTATIONS, SOCIAL ACCEPTANCE, AND ECONOMIC
FEASIBILITY oottt ettt ettt e et e st ne e 125



Contents

4.1 INTRODUCTION. ....oiiiice ettt nae e aneeeanes 126
4.2 METHODS. ... e 128
4.2.1  Search and Selection of STUAIES.........covveiiriiiiieiee s 128
4.2.2  Household Survey and In-depth INtErVIEWS...........coooveieiiiiiiiiiiceeeeee, 129
4.2.3  StatiStICAl ANAIYSIS.....ciieiieiieie e 130

4.3 GREEN ADAPTATIONS: AREVIEW ......oooiieic e 131
4.3.1  Urban Green Management..........cocviveiiereeiiesiesieesieseesie e seesse e ssee e enesns 131
4.3.2  Urban Blue Management ..........cccueiviieiieieeie e sae e sre s 133
4.3.3  Implementation of Green Adaptation Strategies...........cccceevervveriveieiiiereernene. 135

4.4  CITIZENS’ PREFERENCES OF GREEN ADAPTATIONS IN DHAKA ........... 137
4.4.1  Social Acceptance of Green Adaptations .........ccccceevevievieiesieese e 137
4.4.2  Economic Feasibility of Green Adaptations...........cccoovevveveiieseeie s 142
4.4.3  Social Acceptance and Economic Feasibility: A Comparison ............ccc.c....... 143

45 CONCLUSIONS AND DISCUSSIONS ......ccoviiiiiiiieieiee e 145
CHAPTER 5: SYNTHESIS.....ootii ittt 148
REFERENGCES ..ottt sttt sttt st te bt eneebesbe s enenras 153
APPENDIX | oottt e e e e et e e e e st e e e e e e e e nra e e e e nnreeeeans 175
APPENDIX ettt e e e e e et e e e s st e e e e e nnbeae e e snnreeeeans 183
APPENDIX Tttt e et e e e et e e e e s naaa e e e e nnreeeeesnnreeeeans 194
APPENDIX TV ettt e e e e e st e e e e et e e e e e nbe e e e e nnreeeean 208
APPENDIX V ettt e e et e e e et e e e e e e e e e e e e nnreee e 216
ABOUT THE AUTHOR ...ttt e e e e e e s e e anneas 231

Xiv



List of Tables

LIST OF TABLES

Table 1.1 Zone-wise DNCC Ward Numbers and Ward Areas (KM?). ........ccccovreenennenneresesnnnens 18
Table 1.2 Data Collection MEtNOUS. .........c.oiviiiiiiiiiie e 24
Table 1.3 Organization Type-wise Number of INtErVIEWEES. .......c.coveiiriieieieee e 27

Table 1.4 Relationships between the thesis chapters, research questions, publications, and research
AL Lttt e e Ee R e e ete et e eRte e he et e e EeaR e e st e EeeReeateaR e oA teeReeR e e EeeReetenEeententeeteenbenreenrere e 37

Table 2.1 Ward-wise areas (hectare) of the ecosystems in the study area in 2016. ...........cccccccevvervennnn. 52

Table 2.2 Number of trees measured inside the park and classified based on the diameter at breast

ALcTTo a1 ) TSSO 52
Table 2.3 Number of roadside trees measured in the study area and classified based on the diameter at
Dreast NEIGNT (DBH). .....cviiiiie ettt b et e et s beere e besbe e b e beaneesreares 53
Table 2.4 Quantities of fruits and vegetables produced in the surveyed rooftop gardens. ................... 54

Table 2.5 Particulate matter (PM) capture/removal quantity by roadside trees and park in the study

VT W T 0 TSSO 61
Table 2.6 Cultural ecosystem services derived by the surveyed respondents in the study area. .......... 77
Table 2.7 Inventory of urban ecosystems and ecosystem services in the study area. ............cccceevennenn. 80

Table 2.8. Estimated gross values (BDT) of the rooftop garden provisioning ecosystem services (PES)
TN TNE STUAY BIBA. ...ttt b bbbt b e e st et bbbt bttt b e b b e 82

Table 2.9 Gross values (mill BDT/year) of PM10 capture by roadside trees and the park in the study
ATEA TN 2016, ....ve ittt ettt e et e he e ebe e eha e s b be e be e beeabeeabeeeabeebeeabeeaheesaeeeareanrs 86

Table 2.10 Gross values (mill BDT/year) of carbon stock in roadside trees and the park in the study
ANEA TN 2016, ...ttt 86

Table 2.11 Total average gross values (BDT) of ecosystem services in the study area (3 wards) in
0 SRR 88

Table 2.12 Change in per capita electricity consumption due to change in fractional vegetation
coverage (FVC), land surface temperature (LST) and air temperature (Tair) in the study area. .......... 98

Table 3.1 List of non-government and private sector organizations selected for the policy analysis. 107
Table 3.2 Legal guidelines of the Bangladesh government for ecosystem governance..................... 110

Table 3.3 A comparison of ecosystem governance priority of the government, NGOs, and private
sector organizations in Bangladesh. ...........ccvoiiiiii i s 122



List of Tables

Table 4.1 Green adaptations at city scale contributing to ecosystem services through urban green
MANAGEIMENT. ...ttt et r e sr e st r e e st e et e r e e e R e s e b e e e sn e e n e e nre e nreenreeneneneneers 132

Table 4.2. Green adaptations at city scale contributing to ecosystem services through urban blue
g TR ToTo T 01T L PP TRR 134

Table 4.3 Summary statistics of respondents’ willingness to pay (WTP) for green adaptations for
ECOSYSLEM SEIVICES MANAYJEIMENT. ... c..iiviiie et ete sttt e et e e sre et te e e e te e e e st e eteebesreeneestesneesreares 140

Table 4.4. Social acceptance versus economic feasibility of green adaptations in Dhaka with
individual and collective implementation efforts............coooiiiiiiiii 144

XVi



List of Figures

LIST OF FIGURES

Figure 1.1 Conceptual FrameWOTK...........coiiiirieieiiiiiiise st 23
Figure 2.1 Shares of ecosystems as percentage of the total study area. ...........cccccevvveveiiincviiecienee, 50
Figure 2.2. Fruit production in the National Botanical Garden from 2014 to 2016............cccccovevenenee. 56

Figure 2.3. Average carbon stock and CO- equ. (Mg/ha) in roadside trees and the park in the study
Y=Y W LI STOS PO 63

Figure 2.4. A 3-day average noise level (in decibels) in a built-up area to park to built-up area

[T oSS PO TP U PP PPV PRPRPRPPN 73
Figure 3.1 Percentage of the government legal guidelines mentioning ecosystem services............... 109
Figure 3.2 Priority of the government of Bangladesh for ecosystem governance. ..........cc.cccceevervennen 114

Figure 3.3 Ecosystem related action priority of the selected NGOs and private sector organizations.

Figure 3.4 Ecosystem governance roles of the NGOs and private sector organizations.................... 119

Figure 3.5. Respondents suggested ways of raising awareness for ecosystem management in Dhaka.

Figure 4.1. Social acceptances (%) of green adaptations implementable with individual effort (A) and
collective effort (B). Here, GB- Green belt, PP- Pocket park, CG- Community garden, RG- Rooftop
garden/agriculture, GR- Green roof, GF- Green facade/wall, KM- Existing khal/lake management,
AW- Artificial wetland, WP- Water retention pond, PV- Porous pavement, AF- Artificial fountain and
RT- RaINWALEr NArVEST TANK. ......c.eeiieiice ettt nae e e nee e 138

Figure 4.2 Interviewees preferences (%) of green adaptations economically feasible to implement with
individual and collective efforts. Here, GB- Green belt, CG- Community garden, KM- Existing
khal/lake management, WP- Water retention pond, AW- Artificial wetland, AF- Artificial fountain,
PV- Porous pavement, RT- Rainwater harvest tank, GF- Green fagade/wall, PP- Pocket park, RG-
Rooftop garden/agriculture and GR- Green roof. ...........cooviiiiiiiiii e 143

XVii



List of Maps

LIST OF MAPS

Map 1.1 Location of Dhaka, Bangladesh..............ccoiiiiiiiiiiieeee e 12
Map 1.2 The DNCC Z0one 2 and itS WITS. ........cciiiriiiieieieeeese st 19
Map 1.3 The surveyed area and locations of the surveyed households. ...........ccccoovvevvinii e 29
Map 2.1 Urban ecosystems in the StUAY @rea...........cccvveiiieiiie it 49

Xviii



List of Images

LIST OF IMAGES

Image 1.1 Satellite image of the Zone 2 (Mirpur-Pallabi), DNCC..........ccccccoiiiiiiiiiiiinese e 32

Image 2.1 A and B) Fish culture in Pallabi jheel, Ward 6, DNCC; C) Rupnagar khal surface water
usage in a climbing vegetable patch, Ward 7, DNCC; D) Fodder collection in Pallabi jheel, Ward 6,
I3 L SO STSRR 57

Image 2.2 A and B) Small businesses, kitchen markets, and people taking rest in the shadows of
roadside trees, Ward 7, DNCC.........oiiiiiiire ettt sttt ste s e tesreeaesteeneenreenen 65

Image 2.3 Waters in Arambag khal, Ward 6 (A and B), DNCC and Rupnaga khal, Ward 7 (C and D),
DINCC. ittt E b e bbb b £ E bR £ £ bR R e R bbbt b bt e bt 71

Image 2.4 Recreation services derived from ecosystems in the study area. A) Morning walk inside the
National Botanical Garden, Ward 8, DNCC; B) Young people playing at Harun Mollah
playground/eidgah field, Ward 2, DNCC; C) Boishakhi fair at Arambag playground/eidgah field,
Ward 6, DNCC; D) Eid prayer arrangement at Arambag playground/eidgah field, Ward 6, DNCC... 75

Image 3.1 Polythene waste (A) and open latrine (B) in the Rupnagar khal, Ward 7, DNCC and waste
(construction materials) disposal action in the Arambag khal, Ward 6, DNCC. ...........cccccovevvivernnnns 117

Image 4.1. Images of rooftop/balcony gardens in the study area. (A) A flower garden (front) and a
fruit garden (back); (B) Fruits harvested from a roof garden; (C) Reclining vegetables in a balcony.

XiX



Abbreviations and Acronyms

ABBREVIATIONS AND ACRONYMS

°C
ACCCRN
ADB
AGB
BBS
BCAS
BCCSAP
BDP
BDT
BELA
BNAAQS
BRAC
BUET
C
CAMS
CASE
CEGIS
CES

cm

CO;

dB
DBH
DEFRA
DESCO
DMCH
DMDP
DNCC
DoE
DSCC
DUV
DWASA
ECA

Degree Celsius

Asian Cities Climate Change Resilience Network
Asian Development Bank

Above Ground Biomass

Bangladesh Bureau of Statistics

Bangladesh Centre for Advanced Studies

Bangladesh Climate Change Strategy and Action Plan
Bangladesh Delta Plan

Bangladeshi Taka (local currency)

Bangladesh Environmental Lawyers Association
Bangladesh National Ambient Air Quality Standards
Bangladesh Rural Advancement Committee
Bangladesh University of Engineering and Technology
Carbon

Continuous Air Monitoring Station

Clean Air and Sustainable Environment

Center for Environmental and Geographic Information Services
Cultural Ecosystem Service

Centimeter

Carbon Dioxide

Decibel

Diameter at Breast Height

Department for Environment, Food and Rural Affairs, UK
Dhaka Electric Supply Authority

Dhaka Medical College and Hospital

Dhaka Metropolitan Development Plan

Dhaka North City Corporation

Department of Environment

Dhaka South City Corporation

Direct Use Value

Dhaka Water Supply and Sewerage Authority

Ecologically Critical Area

XX



Abbreviations and Acronyms

EIA
ENGO
equ

ES
ESA
EUR
FvC
GA
GBH
GBM
GDP
GIS
GNP
GoB
GPS
Ha
HES
ICC
ICCCAD
ICDDR,B
IPCC
IUCN
UV
JICA
Kg

kJ

km
kWh
LDC
LGED
LST

MA
Mg
MLD

Environmental Impact Assessment
Environmental Non-Governmental Organization
Equivalent

Ecosystem Service

Ecosystem Services Analysis

Euro

Fractional Vegetation Coverage

Green Adaptation

Girth at Breast Height

The Ganges, the Brahmaputra and the Meghna
Gross Domestic Product

Geographic Information System

Gross National Product

Government of Bangladesh

Global Positioning System

Hectare

Habitat Ecosystem Service

International Cricket Council

International Center for Climate Change and Development
International Centre for Diarrhoeal Disease Research, Bangladesh
Intergovernmental Panel on Climate Change
International Union for Conservation of Nature
Indirect Use Value

Japan International Cooperation Agency
Kilogram

Kilojoules

Kilometer

Kilowatt hour

Least Developed Country

Local Government Engineering Department
Land Surface Temperature

Meter

Cubic meter

Millennium Ecosystem Assessment

Megagram

Megaliter per Day

XXi



Abbreviations and Acronyms

MoEF Ministry of Environment and Forests

MWh Megawatt hour

NAPA National Adaptation Programmes of Actions
NGO Non-Governmental Organization

NUV Non-Use Value

O&M Operating and Maintenance

OR Odds Ratio

ov Option Value

PES Provisioning Ecosystem Service

PM Particulate Matter

POP Persistent Organic Pollutant

PPP Purchasing Power Parity

PROSHIKA Proshika Manobik Unnayan Kendro

RAJUK Rajdhani Unnayan Kartripakkha

RES Regulating Ecosystem Service

RMB Renminbi, Chinese currency

RQ Research Questions

Tair Air Temperature

TEEB The Economics of Ecosystems and Biodiversity
TEV Total Economic Value

TIB Transparency International Bangladesh

UHI Urban Heat Island

UNDP United Nations Development Programme
UNESCO United Nations Educational, Scientific and Cultural Organization
UNFCCC United Nations Framework Convention on Climate Change
uUSsD US Dollar

WB World Bank

WTP Willingness to Pay

ug Microgram

XXii



CHAPTER 1: GENERAL INTRODUCTION



Chapter 1: General Introduction

1.1 BACKGROUND

Urbanization is a global phenomenon today, which once was simply “sporadic and localized”
(Tisdale, 1942). People increasingly tend to reside in urban areas instead of rural. More than
half of the world’s population live in urban areas at present (United Nations, 2014). Unplanned
and rapid urbanization, climate change (e.g., increased extreme weather events), and land use
change (increased built-up areas) are often considered as key drivers that directly affect
ecosystems and ecosystem services: loss of green and blue spaces, diminished ecosystem
services and resilience, and aggravated pollution (air, water, soil) (Adger et al., 2003;
Escobedo, Kroeger, & Wagner, 2011; Foresman, Pickett, & Zipperer, 1997; Hossain et al.,
2015a; Lyytimaki & Sipild, 2009; MA, 2005b; TEEB, 2010a; van Oudenhoven et al., 2012).
Urban areas and urban populations are vulnerable to the acute impacts of these drivers (Grimm
et al., 2008; Lyytimaki & Sipild, 2009; Niemela et al., 2010; Tratalos et al., 2007; Zinia &
Kroeze, 2015). This is particularly the case for Dhaka, the capital of Bangladesh, one of the
world’s most densely populated cities. Being the socio-economic and cultural center of the
country, Dhaka city induces displacement of population through rural to urban migration
(Ishtiague & Mahmud, 2017; Jahan, 2012; Rabbani, Rahman, & Islam, 2011; Zinia &
McShane, 2018b). To meet the demand for the increasing population, formal and informal
housing and associated infrastructure development is taking place at the expense of
ecosystems (Alam & Mullick, 2014; Shubho et al., 2015) and threatening or reducing crucial
ecosystem services. Apart from demographic pressure, Dhaka residents also face climate
change impacts including extreme heat and extreme weather events (Zinia & McShane, 2018a).
No study has been completed for Dhaka addressing urban ecosystem and ecosystem services
assessment and their nexus with the socio-economic systems integrating quantitative and
qualitative evaluations. As a resident of Dhaka, | have been motivated to undertake this
research to increase our understanding of urban ecosystems and ecosystem services in Dhaka,
the ecosystem governance mechanism, and the strategies that citizens can adopt to manage

those ecosystem services that contribute to human wellbeing.

In the following (Sub-sections 1.1.1-1.1.3), | give an overview of current knowledge of urban
ecosystems and ecosystem services, the nexus of ecosystems and ecosystem services with the
social and economic systems, and urban ecosystems and ecosystem services in the context of
Bangladesh based on rigorous literature review. | then present my research purpose (Section

1.2) with a specific aim and research questions. In Section 1.3, | describe the overarching
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methodology comprising a description of the study area, scope of this research, research design
and conceptual framework, and data collection, management and analysis tools and approaches
applied for this research. | present the thesis outline in Section 1.4 with brief descriptions of
each chapter.

1.1.1  Current Understandings on Urban Ecosystems and Ecosystem Services

The term ‘Ecosystem’ has had a long history, though it gained the attention of the scientific
community as a field for research and management approach only in the last century (MA,
2003; Willis, 1997). Ecosystem was first mentioned in print media in 1935 by A. G. Tansley
(Braat & de Groot, 2012; Willis, 1997). According to Tansley (1935), ecosystems are the “basic
units of nature” within which there exists continuous interactions between organisms and
between organic and inorganic factors. Ecosystems are of different types: marine or terrestrial,
coastal or inland, urban or rural with varying spatial scales including local to global (DEFRA,
2007). Hence, an ocean and a coral reef both are ecosystems. Definition of an ecosystem has
remained more or less the same until now. The Millennium Ecosystem Assessment (MA)
described an ecosystem as “a dynamic complex of plant, animal, and microorganism
communities and the nonliving environment interacting as a functional unit” of which humans
are an integral part (MA, 2003).

The concept ‘ecosystem function’ has been subject to several interpretations due to its different
meanings in various disciplines. Barkmann et al. (2008) interpreted ecosystem functions
normatively as values or sources of benefits from a social science perspective. From an
ecological view point, OECD (2010), Zandersen, Braten, and Lindhjem (2009), and Costanza
et al. (1997) regard ecosystem functions as the processes or attributes of ecosystems, such as
chemical, physical, and biological features that play roles in maintaining ecosystems.
Researchers (e.g., Boyd & Banzhaf, 2007; de Groot, Wilson, & Boumans, 2002) sometimes
considered ecosystem function as a part of biophysical processes or structures and as
intermediate to the final production of an ecosystem. For instance, if a coral reef is an
ecosystem then one of its functions is prevention of disturbance or of natural hazards. de Groot
(1992), explicitly defined ecosystem function as the capability of an ecosystem to supply goods
and services directly and/or indirectly satisfying people’s needs. Similarly, Potschin and
Haines-Young (2011), TEEB (2010c), and Boyd and Banzhaf (2007) used similar notions

regarding ecosystem function.
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The modern history of ‘ecosystem services’ originated between 1970s to 1980s when an
increasing number of researchers examined this concept in more depth (see detailed historical
analyses in Braat & de Groot, 2012; Gomez-Baggethun et al., 2010) and since then ecosystem
service has entered the mainstream literature (Daily, 1997; Fisher, Turner, & Morling, 2009;
Perrings, Folke, & Maler, 1992). Existing journals have widened their coverage to provide for
such research outputs and new journals have emerged, for example, International Journal of
Biodiversity Science, Ecosystem Services & Management! (ISSN: 2151-3740) and Ecosystem
Services (ISSN: 2212-0416). Definitions of ecosystem services are available in various
publications with varying foci on economic and ecological aspects. In accordance with the
commonly cited definitions, ecosystem services are the direct or indirect goods and services,
i.e., benefits  derived from ecosystem functions, which contribute to human well-being
(Costanza et al., 1997; Daily, 1997; de Groot, Wilson, & Boumans, 2002; MA, 2005a; TEEB,
2010a). There is no agreed single method of classifying ecosystem services. However, the
classifications mentioned in the MA framework are commonly accepted (DEFRA, 2007).
According to the MA (2005a), all ecosystem services can be categorized under four broad
classes namely, provisioning, regulating, supporting/habitat, and cultural services.
Provisioning services are the goods/products that humans obtain from ecosystems (e.g., food,
water, ornaments, and medicines). Regulating services include shoreline protection, water
purification, and climate regulation among other controls on ecological functions.
Supporting/habitat services are necessary for the production of other ecosystem services (e.g.,
nursery services, gene pool control, production of oxygen). The non-material benefits derived
from an ecosystem are regarded as cultural services (e.g., tourism, spiritual experience).
Boundaries between ecosystem functions and ecosystem services are sometimes difficult to
identify as two or more distinct ecosystem functions may generate a single ecosystem service
and vice-versa (Costanza et al., 1997; Potschin & Haines-Young, 2011). Nonetheless, the MA
framework, The Economics of Ecosystems and Biodiversity (TEEB) and the UK government’s
Department for Environment, Food and Rural Affairs (DEFRA) approaches are exclusively

focused on ecosystem services.

As mentioned above, ecosystems are of different types (see Costanza et al., 1997; de Groot,

Wilson, & Boumans, 2002; MA, 2005a for details on ecosystem typology) that also include

! Formerly known as: International Journal of Biodiversity Science & Management (2005-2009).
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urban and rural ecosystems. Many studies of urban areas treat urban systems as separate
ecosystems, such as Bolund and Hunhammar (1999), Grimm and Redman (2004), Mcintyre,
Knowles-Yanez, and Hope (2000), Niemel& et al. (2010), and Foresman, Pickett, and Zipperer
(1997). Definitions of ‘urban’ differ among nations and comparative assessments generally use
national definitions (Seto, Parnell, & EImgvist, 2013). Urban systems, as stated in MA (2005a),
are linked to specific spatial settings, diversified landscapes comprising varied ecosystems,
urban settlements, and people living in urban areas. Foresman, Pickett, and Zipperer (1997)
asserted that ‘urban ecosystems’ imply a complex mixture of land cover and land use of any
settings. GOmez-Baggethun et al. (2013) referred to urban ecosystems as areas with built-up
zones encompassing significant percentages of land covers. Bolund and Hunhammar (1999)
defined urban ecosystems as all available natural green and blue places within an urban area.
These natural spaces supply crucial ecosystem services for urban residents (Ahern, Cilliers, &
Niemeld, 2014). Bolund and Hunhammar (1999) identified seven distinct site-specific urban
ecosystems: street trees, lawns/parks, urban forests, cultivated land, wetlands, lakes/sea, and
streams. Some common services provided by urban ecosystems are production of fruits, grains
and seeds; carbon sequestration; micro climate regulation; noise reduction; air, water and
pollutant filtration; pollination; recreation (e.g., parks, boating, fishing, picnic) (Bastian, Haase,
& Grunewald, 2012; Bolund & Hunhammar, 1999; Costanza et al., 2006; Escobedo, Kroeger,
& Wagner, 2011; Haase, 2015). No specific set of ecosystem services available in all urban
areas have been identified; rather they vary with the physical and demographic characteristics

of cities.

‘Drivers’ or ‘driving forces’ are natural or human-induced factors that directly or indirectly
influence ecosystems and services therein (MA, 2003; van Oudenhoven et al., 2012). As stated
in MA (2003), there are direct drivers (those that unequivocally influence ecosystem services)
as well as indirect drivers (those that influence ecosystem services by altering direct drivers)
ranging from global, regional to local scales. They can be endogenous (controlled by decision
makers) or exogenous (independent of decision makers). Nevertheless, direct drivers include
physical and biological factors (e.g., climate change, land use, water use, energy) whereas
indirect drivers involve demographic (e.g., population growth), economic (e.g., Gross
Domestic Product), cultural and socio-political (e.g., lifestyle, environmental policies), and
science and technological influences (e.g., research and development) (Hauck, Winkler, &
Priess, 2015; TEEB, 2010c). Drivers can be interconnected and can influence simultaneously
(MA, 2003).
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Climate change is often considered to be a key driver that directly affects ecosystem services
(Hossain et al., 2015a; Lyytimaki & Sipild, 2009; MA, 2005b; TEEB, 2010a). According to
the Intergovernmental Panel on Climate Change (IPCC), “warming of the climate system is
unequivocal, and since the 1950s, many of the observed changes are unprecedented over
decades to millennia” (Ding & Nunes, 2014). The IPCC (2013) further stated that “the
atmosphere and ocean have warmed, the amounts of snow and ice have diminished, sea level
has risen, and the concentrations of greenhouse gases have increased”. Hunt and Watkiss
(2011) summarized the findings from the IPCC reports from a city perspective and identified
the most important climate change effects on cities namely, among others, effects of sea level
rise (on coastal cities), effects of extreme events (wind storm, storm surges, floods from
excessive rainfall, droughts), effects on health due to higher temperature, effects on water
resources and supply. Cities across the globe are already responding to the challenges
associated with changes in climatic factors (Brown, Dayal, & Del Rio, 2012). Hunt and Watkiss
(2011) presented an inventory of cities where climate resilience practices were applied.
However, there is less information on how climate change will impact inland cities ecosystem
services even though it is evident that climate change will considerably modify or permanently
destroy quantity, quality, and spatial distribution of ecosystem services in the coming decades
(Hunt & Watkiss, 2011; Shaw et al., 2011). Grimm et al. (2008) indicated that urban heat island
(UHI), i.e., the effect of urban development on changing heat fluxes and surface energy
balance, is an increasing problem in major cities particularly those situated in tropical regions.
Extreme weather events induced by climate change damage urban forests and therefore
ecosystem services including storm water reduction, soil infiltration, carbon sequestration and
nutrient retention (Escobedo, Kroeger, & Wagner, 2011). Pollution (air, water, soil) is also
increased through increasing emissions from industrial activity (Escobedo, Kroeger, &
Wagner, 2011; Yang et al., 2015). In addition, biodiversity in urban areas is under threat due
to deterioration of water bodies particularly the flushing of storm effluent from drainage
systems (Wilby & Perry, 2006), which also impacts urban dwellers through exposure to water-

borne diseases.

Land use change is another driver that plays a vital role in changing ecosystem services
(Foresman, Pickett, & Zipperer, 1997; van Oudenhoven et al., 2012). Land use refers to the
human actions that make use of biophysical characteristics (topography, soil, climate) of the
Earth’s land cover (i.e., the surface) and thus alter processes of ecosystems functioning
(Dewan, Yamaguchi, & Rahman, 2012; Veldkamp & Fresco, 1996). Human activities convert

6
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ecosystems from their original states to different types of land use including habitation,
cultivation, and transportation (de Groot, 2006). The extent of land use largely depends on land
zoning policies, management practices and more importantly land ownership (Foresman,
Pickett, & Zipperer, 1997). Increased built-up area and diverse land use practices alter
landscape structure, resource flows, species composition, and ecosystem services from green
and blue spaces, and diminish ecosystem resilience and aggravate pollution, which is obvious
in many urban areas (Grimm et al., 2008; Lyytiméki & Sipild, 2009; Niemeld et al., 2010;
Tratalos et al., 2007).

1.1.2  Economic and Social Outlooks for Urban Ecosystem Services

People, in general, are less familiar with the scientific implications of ecosystem functions, but
realize their importance to human wellbeing and to society as a whole if any value is attached
to the services that ecosystems supply (Barkmann et al., 2008). Valuation works as a
mechanism that makes people rethink about the roles that nature plays in forming personal and
social identities and consequences of their actions on environment (Clayton & Opotow, 2003;
Zavestoski, 2004). Valuation expresses nature’s value in such a way that influences major
political and economic views worldwide (TEEB, 2010a). In addition, valuation helps decision
making on intervention options for environmental management and assessing damages/
benefits associated with such interventions (DEFRA, 2007). Thus there has been increasing
interest on valuing benefits of ecosystem services provided to human societies which is
reflected in the noticeable growth of related publications (de Groot, Wilson, & Boumans,
2002). Such research outputs have received widespread attention by decision makers. In
particular, the MA was influential in promoting ecosystem services on policy agendas across
the world (Costanza et al., 1997; Costanza & Daly, 1992; Fisher, Turner, & Morling, 2009;
Perrings, Folke, & Maler, 1992; TEEB, 2010c).

Valuation is defined in many ways across disciplines and there are debates on methods of
valuation (Bingham et al., 1995; Costanza et al., 1997). Farber, Costanza, and Wilson (2002)
defined valuation as “the process” of presenting a value- “the contribution of an action or
object to user-specified goals, objectives or conditions” for a specific “action or object”. The
MA agrees on this notion and predominantly uses a valuation approach for assessing the
impacts (benefits/losses) of alternative ecosystem management options (de Groot et al., 2006;
MA, 2003). Boyd and Banzhaf (2007) proposed to take into account the ‘final’ ecosystem
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services, i.e., “the last contribution of the ecosystems” and “the components of nature, directly
enjoyed, consumed, or used to yield human well-being” to avoid double counting in valuation.
These authors emphasized that final ecosystem services and final economic goods and services
(directly consumed or enjoyed by households) are different. According to Fisher and Turner
(2008), final services often depend on the beneficiaries’ perspectives. The authors stated that
no linear relationship existed between ecosystems. Furthermore, a single ecosystem service
may generate diversified benefits and values of those benefits can be added together. Wallace
(2007) proposed a new classification of ecosystem services for valuation. This claimed to avoid
double counting but that classification has been criticized by others (see Fisher & Turner,
2008). Fisher and Turner (2008) stressed the need for further research to clarify the ambiguity
between final and intermediate ecosystem services especially for economic valuation. More
generally, urban ecosystem services in terms of valuation attract relatively little research
attention (Zinia & McShane, 2018b). Milestone studies including Costanza et al. (1997),
Costanza et al. (2014) and TEEB database? by Van der Ploeg, De Groot, and Wang (2010) have

very limited information on values of urban ecosystems.

Methods of ecosystem services valuation involve conventional economic valuation including
direct market valuation approaches (market price, factor income-based approach, cost based
methods: avoided cost, replacement cost, mitigation and restoration cost), revealed preference
approaches (travel cost method, hedonic pricing), stated preference approaches (contingent
valuation, choice modelling, group valuation), and benefit transfer method. For details on
valuation methods see de Groot et al. (2006); DEFRA (2007); Farber, Costanza, and Wilson
(2002); MA (2003); Richardson et al. (2015); TEEB (2010b). Some researchers, such as Busch
et al. (2012) compared qualitative versus quantitative assessment and valuation of ecosystem
services and concluded that both are essential. Valuation methods are case specific and depend
on data availability, investigation scale, and strength of development goals. The research cited
above generally emphasizes both quantitative and qualitative approaches as this allows cross
checking the directions of assessments using two different methodologies and identifying

inconsistencies.

Assessment and valuation of ecosystem services provide a strong basis for selecting, modifying

and formulating policy instruments, and scenarios for ecosystem services management

2 http://doc.teebweb.org/wp-content/uploads/2017/03/teeb_database_teebweb.xIsx
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(Costanza et al., 2014) and overall ecosystem governance. ‘Governance’ is a commonly talked
about concept but its definition is rather vague (Davies, 2002; Rhodes, 1996). The notable
literature refers to governance as a set of rules which involves government and non-government
actors where the actors interact with each other for a common goal (Rhodes, 1996; Stoker,
1998; Weiss, 2000). The governance concept is applied in different sectors of a society (see
Rhodes, 1996 for details) including the environment sector and thus its definition is modified
accordingly. Environmental governance includes planning, policymaking, management, other
governing processes (Ansell & Gash, 2008; Pahl-Wostl, 2009) targeting common welfare and
comprising spatial scales and themes (environment as a whole and/or environmental
components, such as water resources) (Bulkeley, 2005; Lemos & Agrawal, 2006; Wiek &
Larson, 2012). Some widely acknowledged scholars (e.g., Paavola, Gouldson, & Kluvankova-
Oravska, 2009; Pahl-Wostl, 2009) prefer ‘governance regime’ as an all-inclusive term rather
than ‘management’ or simply ‘governance’. ’Governance regime’ embraces a set of principles,
rules, norms and prevailing practices for formulating and implementing collective choices (i.e.,
decision-making procedures) with involvement of government, non-government, and private
sector stakeholders of a society (Krasner, 1982; Paavola, Gouldson, & Kluvankova-Oravska,
2009; Pahl-Wostl, 2009; van de Meene, Brown, & Farrelly, 2011; Wiek & Larson, 2012).

As part of the governance process, many countries have successfully undertaken exemplary
adaptation approaches for urban ecosystem services management given unprecedented rate of
urbanization coupled with climate change and land use change impacts. For instance, in
Stuttgart (Germany) extensive greening actions have been implemented one of which was
planting grasses in tram tracks to reduce UHI and improve air quality; in Augustenborg
(Malmo, Sweden) about 90% of storm water from roofs and other impermeable surfaces links
to an open storm-water system (separate from the combined sewer) in residential areas which
decreases the risk of urban flooding by half and enhances the image of the area; in Seattle
(Washington State, USA) landslide risks (ground instability) are reduced in landslide-prone
areas by creating provisions for, and restoration of, vegetation (Kazmierczak & Carter, 2010).
Other successful urban adaptation measures include, among others, installing green roofs,
establishing green belts around the city, community gardening, creating artificial urban
wetlands and pocket parks (see Chiesura, 2004; Kabisch, 2015; Tzoulas et al., 2007; Voskamp
& Van de Ven, 2015; Young et al., 2014). Such measures improve the quality of human lives,
through generating diverse ecosystem services, e.g., providing recreation facilities, attracting
tourism, creating habitats for different species, recharging aquifers, controlling UHI via

9
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evapotranspiration, and producing food (Kabisch, 2015; Voskamp & Van de Ven, 2015; Young
et al., 2014). Urban ecosystem users are found to have greater longevity, better health, more
physical activity, relaxation, and improved recovery from stress and mental fatigue (Tzoulas et
al., 2007).

Regulatory agencies are concerned about ecosystem services and implement necessary
measures at global, regional, and national levels. The United Nations Framework Convention
on Climate Change (UNFCCC) is an environmental treaty with 196 countries that aims at
stabilizing global warming. Consequences of climate change in the most vulnerable developing
countries have got less attention than developed nations (Ayers & Hug, 2009). Nevertheless,
many least developed countries (LDCs) have prepared National Adaptation Programmes of
Actions (NAPAS) as part of the UNFCCC’s adaptation activities prioritizing community-based
ecosystem services management, such as afforestation/reforestation in Bangladesh and
Myanmar for climate resilient ecosystems, and reducing natural hazards and rainwater
harvesting in Bhutan®. The European Environment Agency recommends people having access
to green space within 15 minutes distance by walk and it has been found that all citizens in
Paris, Copenhagen, Brussels, Madrid, Milan, Gothenburg have such access (Barbosa et al.,
2007). China has national standards on national garden city and ecological garden city that
incorporate green coverage and per capita park space for integrating greenery into development
of cities (Zhao, 2011). Singapore is a successful example of urban greening with strong
government commitment and allocation of land and financial resources where the residents
have high levels of satisfaction regarding the greenery in their environment (Tan, Wang, & Sia,
2013). In Quy Nhon, a coastal city in central Vietnam, a mangrove forest restoration project
for a 150 hectare zone has been undertaken under a co-management arrangements between the
local communities including the local government departments, local research centers, and the
Asian Cities Climate Change Resilience Network (ACCCRN) authorities which is expected to
protect around 60,000 residents who are at high risks of coastal erosion and floods (Brown,
Dayal, & Del Rio, 2012). A watershed approach in Hiware Bazaar under the ‘Ideal Village
Scheme’ of the state government of Maharashtra, India, addressed ecosystem services
management that contributes significantly to poverty alleviation by improving forest cover,
water use efficiency, land degradation, and agricultural productivity (Avishek, Liu, & Yu,

2012). Decentralized measures have been taken to build resilience against water scarcity caused

3 http://unfccc.int/adaptation/workstreams/national _adaptation_programmes_of action/items/4583.php
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by urban development through approaches including rainwater harvesting in Semarang,
Indonesia (Brown, Dayal, & Del Rio, 2012). The governance of ecosystems and ecosystem
services thus essentially requires cooperation among government agencies, development

organizations, NGOs, other private sector organizations, and local communities.

11



Chapter 1: General Introduction

88%0'0"E §9°0°0"E 90°0'0"E 91°0'0"E 92°0'0"E 93°0'0"E

1 1 1 Ll 1
= 5 oo g
= {_ ( «
E E

NS

W3
E E
S India %
E E
s L :

88°0'0"E 8§9°0'0"E 90°0'0"E 91°0'0"E 92°0'0"E
Projection: Bangladesh Transverse Mercator
N wo Data Source: Based on LGED, Bangladesh
Kilometers
Prepared by: Naeema Jihan Zinia
1inch =74 kilometers April 2015

Map 1.1 Location of Dhaka, Bangladesh.

12



Chapter 1: General Introduction

1.1.3  Urban Ecosystem Services in the Context of Bangladesh

The People’s Republic of Bangladesh is located in the South East part of the South Asian sub-
continent. The country is bordered by India on three sides - the west, the north and the east, by
Myanmar (former Burma) on the south-east, and by the Bay of Bengal on the south (Map 1.1).
Bangladesh is one of the largest deltas in the world with a total area of 147,570 km? of which
agricultural lands occupy 65%, forest land accounts for almost 17%, river networks and other
land use comprise 10%, and urban areas make up the remaining 10% (BBS, 2014). Currently
the real GDP (Gross Domestic Product) growth rate of Bangladesh is around 6% and about
50% of GDP comes from the services sector (BBS, 2014; MoF, 2014). The literacy rate is 58%
at national level (BBS, 2014). Almost 88% of Bangladeshi people have access to safe drinking
water but only about 67% people use improved sanitation facilities (MoF, 2014). About 23%
of Bangladesh’s total population lives in urban areas and more than 60% of this urban
population is concentrated in four major cities: Dhaka, Chittagong, Khulna and Rajshahi (BBS,
2012; Rana, 2011). Migration from rural climate-stricken areas to the capital city Dhaka is
common (Ishtiaque & Mahmud, 2017; Jahan, 2012; Rabbani, Rahman, & Islam, 2011).

Bangladesh is low-lying country with a complex network of 310 rivers of which 57 are
transboundary rivers (BBS, 2013b). Monsoonal rains in the catchment of the transboundary
rivers increase the risk of floods in Bangladesh (Mirza, Warrick, & Ericksen, 2003).
Bangladesh is considered to be one of the most climate vulnerable countries in the world
(MoEF, 2009a). According to ADB (2011), climate change, rising sea levels, and salinity
intrusion will have devastating impacts on Bangladesh not only because of its low-lying
topography but also because of its huge population size and density, inadequate physical
infrastructure, lack of institutional capacity, low level of social development, and
comparatively higher dependence on its natural resources. Susceptibility is extreme in major

cities, such as Dhaka.

Dhaka, the capital city of Bangladesh, is located on the bank of the River Buriganga and its
total area is 1,463.6 km? (BBS, 2013a). Geographically Dhaka is in the central part of the
Bangladesh delta (Map 1.1) formed by three major rivers, the Ganges, the Brahmaputra, and
the Meghna (GBM). Dhaka district includes six upazilas (sub-districts) namely, Dhaka
Metropolitan, Dhamrai, Dohar, Keraniganj, Nawabganj and Savar (BBS, 2013a). More than
77% of Dhaka has been urbanized (BBS, 2012). The annual population growth rate of this
district is 3.5% and, of the 12 million (approx.) people that live in the district, 62% live in urban
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areas (ibid, 2012). Dhaka is one of the world’s fastest growing megacities (Ahmed,
Nahiduzzaman, & Bramley, 2014; Rana, 2011; Roy, 2009b). As the capital, Dhaka is important
to the national economy as well as socio-cultural developments. Further urban expansion is
expected to occur in the peri-urban (fringe) areas of this city since the core is already developed
(Roy, 2009b).

Byomkesh, Nakagoshi, and Dewan (2012) exclusively defined urban green spaces/ecosystems
for Bangladesh. According to the authors, these include “land surfaces that are comprised of
both cultivated lands (agricultural areas, crop fields, fallow lands) and vegetation cover
(deciduous forest, mixed forest lands, palms, conifers, shrubs, and others)”. Blue
spaces/ecosystems comprise “all visible surface waters” (Volker & Kistemann, 2011). For
Bangladesh this includes ponds, lakes, permanent open water, wetlands (permanent and
seasonal wetlands, low-lying areas, marshy land, rills and gully, swamps), rivers, and reservoirs
(Dewan & Yamaguchi, 2009a). Continuous urban expansion poses severe threats to Dhaka’s
ecosystems and ecosystem services (food provision, air/water quality, water logging frequency,
microclimate (UHI), aesthetic value, and recreational use) that are inevitably affecting the
wellbeing of residents (Byomkesh, Nakagoshi, & Dewan, 2012; Rana, 2011; Zinia & McShane,
2018a, 2018b).

Ecosystem services assessment, valuation, and management is a new arena of research in the
context of Bangladesh. A few publications are available but these mostly focus on coastal or
mangrove ecosystems. For instance, Hossain et al. (2015a) analyzed recent changes in
ecosystem services and human well-being in the coastal zone, Hossain et al. (2015b) integrated
ecosystem services with climate change for coastal wetlands, Uddin et al. (2013) valued
provisioning and cultural services of the Sundarbans mangrove forest located in the coastal
area, Ahammad, Nandy, and Husnain (2013) and Nandy et al. (2013) assessed ecosystem-
based adaptations in coastal Bangladesh. There are some other studies that considered
ecosystem services discretely rather than as a complete ecosystem services assessment. For
example, Haque et al. (2013) utilized innovative approaches to assess the quality of major
parks in Dhaka and Islam et al. (2004b) studied aquaculture as a source of food in urban and
peri-urban areas of Dhaka. In-depth research has been undertaken on Dhaka’s land use/ land
cover change, climate change, land surface temperature, and other socio-economic and

demographic issues (for details see the book titled “Dhaka Megacity: Geospatial Perspectives
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on Urbanisation, Environment and Health”, published in 2014 by Springer®). However, until
now, no study has been undertaken that focuses on Dhaka’s urban ecosystems and on

ecosystem services assessment, valuation, and management.

Ecosystem governance in Bangladesh mainly follows the government legal guidelines
(Bahauddin, 2014). The government of Bangladesh (GoB) acknowledged the necessity for
environmental protection and development at national level for the first time in the National
Environmental Policy, 1992. This policy provides legal and institutional frameworks for
improvement, protection and conservation of the environment (Legislative and Parliamentary
Affairs Division, ND). Some significant environmental legal guidelines are the Bangladesh
Environment Conservation Act, 1995; the Environment Conservation Rules, 1997; the Land
Use Policy, 2001; the Environment Court Act, 2010; and the Water Act, 2013. Together, these
legal guidelines introduced Environmental Impact Assessment (EIA) for industrial activities;
presented conditions required for declaring Ecologically Critical Area (ECA) and imposed
penalties for non-compliance; set standards for air, water, soil, noise, odor, sewage discharge
and emission of waste; and put restrictions on filling out waterbody, hill cutting and or razing,
ship breaking, and hazardous waste disposal (Bahauddin, 2014; Department of Environment,
ND; Ministry of Environment and Forests, ND; Momtaz & Kabir, 2014). The GoB changes
emphasis and/or includes new governance issues (e.g., setting the allowable usage of polythene
bags, and specification of penalties) through amendments where necessary. The GoB has
formulated legislations to give attention to the protection and conservation of specific
ecosystems and ecosystem services: conserve haor ecosystem and optimize resource utilization
and poverty reduction (Haor Master Plan, 2012); ensure sustainable integrated and socially-
just water resources management for current and future generations (National Water Policy,
1999 and Water Act, 2013); and prevent continuous decline in the rate of cultivated land to
ensure crop production and to control unplanned urbanization (Land Use Policy, 2001)
(Directorate of Bangladesh Haor and Wetland Development, ND; Legislative and
Parliamentary Affairs Division, ND; Ministry of Water Resources, ND). Bangladesh also
realizes the severity of climate change and its impact on ecosystems and ecosystem services
and thus has adopted actions, plans, and programs for mainstreaming adaptations into national
policies (Ayers & Hug, 2009; Ayers et al., 2014). Such initiatives include National Adaptation
Programmes of Action (NAPA), 2009; Bangladesh Climate Change Strategy and Action Plan

4 ISBN 978-94-007-6735-5; http://www.springer.com/gp/book/9789400767348
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(BCCSAP), 2009; and Bangladesh Delta Plan 2100. These initiatives are expected to develop
resilience of ecosystems and disaster preparedness in short, medium, and long terms (Ayers et
al., 2014; GED, 2014; MoEF, 2009a, 2009b).

The environmental government agencies in Bangladesh often work in cooperation with
international donor organizations, national and international NGOs, ENGOs, and civil society
organizations (e.g., professional associations, community-based organizations, research
groups, think tanks, and environmentalists), and local communities for ecosystem governance
(Ahmed & Roy, 2015; Gauri & Galef, 2005; Haque, 2002; Zafarullah & Rahman, 2002). The
governance activities include: providing policy inputs and assistance with international
negotiations, performing research, working on project implementation, supporting
environmental movements, ensuring rule of law and justice, and raising environmental
awareness (Ahmed & Roy, 2015; Zafarullah & Rahman, 2002). Some research indicates that
ecosystem-related policy formulation and implementation lack representation and input from
potentially the most vulnerable groups, i.e., local communities (Bahauddin, 2014; Islam &
Walkerden, 2017). Very limited research has been conducted on ecosystem governance or on
the governance regime in context of Bangladesh. Some related research includes Mittal,
Petrarulo, and Perera (2015) (urban environments at macro, meso, and micro levels),
Ahammad, Hossain, and Husnain (2014) (co-management of forest conservation,
Shamsuzzaman and Islam (2018) (legal frameworks for coastal and marine fisheries),
Bahauddin (2014) and Morshed and Asami (2015) (roles of government, market, and NGOs in
environmental governance), and Momtaz and Kabir (2014) (environmental problems and
governance). Only a few of these studies have examined urban areas, more specifically, Dhaka

city.

1.2 PURPOSE OF THE RESEARCH

1.2.1 Research Aim

My research is aimed at contributing to urban ecosystem services management in Dhaka by (i)
identifying and valuing urban ecosystems and ecosystem services, (ii) assessing ecosystem
governance, and (iii) recommending socially acceptable and economically feasible green

adaptation strategies.
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1.2.2  Research Questions

Relating to the research aim, the following research questions (RQ) were addressed;

RQ1. What ecosystems and ecosystem services are available in the study area?

RQ2. What are the economic values of the identified ecosystem services?

RQ3. How does the governance regime address ecosystems and ecosystem services?

RQ4. What green adaptation strategies are applied worldwide for urban ecosystem services
management?

RQ5. Which green adaptation strategies are economically feasible and socially acceptable in

the study area?

1.3 METHODOLOGY

1.3.1 Study area

Dhaka district was established in 1772. It is crisscrossed by many rivers. The Padma, the
Buriganga, the Dhaleswari and the Shitalakshya are navigable almost all year round (BBS,
2013a). There are some small rivers flowing through Dhaka including the Turag, the Bangshi,
and the Balu. The average annual temperature and rainfall of Dhaka are 34.5°C (maximum),
11.5°C (minimum) and 1,931 mm, respectively (BBS, 2012). Section 1.1.1 briefly presents
Dhaka’s demographic information. Agro-based activities dominate in rural areas of Dhaka

whereas activities in urban areas are service and industry based.

Dhaka district has two city corporations, Dhaka North City Corporation (DNCC) and Dhaka
South City Corporation (DSCC) (Map A.1.1, Appendix I). The DNCC was established in 2011
by the Local Government (City Corporation) (Amended) Act 2011. The total area of DNCC is
82.64 km? and it lies between 90°20° to 90°28’ east longitudes and 23°44’ to 23°54° north
latitudes (DNCC, 2017). The DNCC comprises 36 wards® (the smallest administrative urban
geographic unit) which are distributed among five zones (Table 1.1). The Zone 2 (Mirpur-
Pallabi) of the DNCC is the study area of my research that represents more than 25% of the
total DNCC area.

% The smallest administrative urban geographic unit comprising mahallas (the lowest urban geographic unit having identifiable boundaries)
and having ward council institution.
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Table 1.1 Zone-wise DNCC Ward Numbers and Ward Areas (km?).

Zone Number and Name Ward Number Area (km?)
Zone-1 (Uttara) Ward-01 6.095
Ward-17 5.475
Zone-2 (Mirpur-Pallabi) Ward-02 3.048
Ward-03 1.101
Ward-04 1.338
Ward-05 1.3444
Ward-06 3.029
Ward-07 1.875
Ward-08 3.776
Ward-15 5.806
Zone-3 (Gulshan) Ward-18 1.749
Ward-19 5.186
Ward-20 1.729
Ward-21 1.449
Ward-22 1.808
Ward-23 0.855
Ward-24 3.075
Ward-25 1.218
Ward-35 1.149
Ward-36 0.769
Zone-4 (Mirpur-Kazi Para, Gabtoli) Ward-09 1.615
Ward-10 1.669
Ward-11 1.133
Ward-12 1.697
Ward-13 1814
Ward-14 1.946
Ward-16 2.088
Zone-5 (Kawranbazar) Ward-26 1.374
Ward-27 3.661
Ward-28 1.528
Ward-29 0.712
Ward-30 2.383
Ward-31 0.629
Ward-32 1.561
Ward-33 5.592
Ward-34 1.362

Source: DNCC (2017)
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1.3.2  System Boundaries and Scope of the Study

1.3.2.1. Spatial Boundary
The Zone 2 (Mirpur-Pallabi), DNCC is the broad study area of my research, which consists of

eight wards (Map 1.2). For the survey, | did in-depth research on three wards under this Zone.
| selected wards 6, 7, and 8 based on field level observations, expert judgements, and literature
review. These three wards cover 41% of the Zone-2 (DNCC, 2017). The demographic
(population, income level, literacy rate, gender ratio) conditions and land use patterns across
the wards under DNCC are similar (BBS, 2013a; DNCC, 2017). Furthermore, the presence of
a wide range of ecosystems in these wards, access to them and to households within wards for

surveys, were taken into consideration.

The total area of the Zone 2 is 21.32 km? with 24,488 holdings (DNCC, 2017). Among the
wards, ward-15 is the largest in area followed by ward 8, ward 2, and ward 6. Ward 2 contains
the greatest number of holdings/households (20%) and ward 4 the least (6%) (Figure A.1.1,
Appendix I). The population in Zone 2 is about one million and the literacy rate ranges between
55% to 85% (BBS, 2013a).
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Map 1.2 The DNCC Zone 2 and its Wards.
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1.3.2.2. Temporal Scale
My research is essentially a baseline study and therefore takes into account the current time

only: years 2015, 2016, and 2017.

1.3.2.3. Scoping of Related Concepts
The following concepts apply in my research.

Urban area

The definition of urban area adopted was given in BBS (2012): an urban area “corresponds
with area developed around a central place having such amenities as metaled roads, improved
communication, electricity, gas, water supply, sewerage, sanitation and also having
comparatively higher density of population with majority population in non-agricultural

occupations”.

Ecosystem services

The commonly cited definition of ecosystem services was adopted: ecosystem services are the
benefits (goods and services) that are derived from ecosystem functions which contribute to
human well-being directly or indirectly (Costanza et al., 1997; Daily, 1997; de Groot, Wilson,
& Boumans, 2002; MA, 2005a; TEEB, 2010a).

Scoping of ecosystem services types

There is a risk of double counting ecosystem services in relation to supporting and some
regulating services in valuation (Fisher, Turner, & Morling, 2009). Values of supporting
services are embedded in other types of ecosystem services. Hein (2010) stated that it is not
clear whether these services should be included or excluded from valuation. Some regulating
services support the supply of other services. For example, pollination (regulating service)
helps trees to produce fruits (provisioning service) inside the same ecosystem or to adjacent
ecosystems. Considering the former in valuation leads to a double counting problem (Hein,
2010; Lele et al., 2013). It would be difficult to identify if pollination occurs by insects from
within the ecosystem or from outside. Therefore, only those regulating services that provide
direct benefits to people were considered. To avoid the double counting problem, all supporting
services and some regulating services that act like supporting services were excluded from

ecosystem services valuation.
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Scoping of economic values

Direct use and indirect use values associated with provisioning, regulating, and cultural
ecosystem services at current time were evaluated. Any future value and consequently, option
value were excluded from my research. Hence, no discounting was performed. In addition,

non-use values of ecosystems/ecosystem services were not considered for valuation.

Governance regime

Governance regime is the set of principles, rules, norms and prevailing practices for
formulating and implementing collective choices (i.e., decision-making procedures) with
involvement of government, non-government, and private sector stakeholders (Krasner, 1982;
Paavola, Gouldson, & Kluvankova-Oravska, 2009; Pahl-Wostl, 2009; van de Meene, Brown,
& Farrelly, 2011; Wiek & Larson, 2012).

Green adaptations

Green adaptation strategies present affordable options, utilize ecosystems for multifunctional
purposes, and involve multiple stakeholders (Goodess et al., 2013; Hulsman, Van der Meulen,
& Van Wesenbeeck, 2011). Green adaptations that were possible to implement individually
and/or collectively with minimum direct government intervention were taken into
consideration. ‘Green adaptations’ and ‘green adaptation strategies’ were used interchangeably

in my research.

Social acceptance

An individual’s or a group of local residents’ support(s) (high to low) reflected in their
preferences for adoption of green adaptation strategies (Chin et al., 2014; Schweizer-Ries,
2008; Wustenhagen, Wolsink, & Birer, 2007; Zhao et al., 2015; Jung et al., 2016; Zhao et al.,
2015).

Economic feasibility

Individual and collective affordability, i.e., the purchasing power for implementing green
adaptation strategies (Halil et al., 2016; Jana et al., 2016; Liang & van Dijk, 2010).
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1.3.3  Research Design and Conceptual Framework

This is a ‘mixed methods’ research that incorporates both quantitative and qualitative
approaches. Use of mixed methods enables including a wider range of data collection and
analysis tools and approaches (Creswell, 2009) which strengthens the overall research. |
collected both qualitative and quantitative data. | utilized these two types of datasets
simultaneously to assess different aspects of the same issue to provide an overall composite
evaluation. Sometimes, | compared the datasets in order to determine whether there was
convergence, divergence, or some mixture/combination of data. Methods and approaches that
| applied for data collection and analysis are available in Sub-sections 1.3.4 and 1.3.6,
respectively. Following Creswell (2009), | adopted triangulation strategy for data validation. |
triangulated different data sources: primary data- observation, interviews, and survey and

secondary data- literature and map review.

The framework in Figure 1.1 conceptualizes my research scheme. Step 1 of this framework
contains key data collection (literature review, interviews, observations, and surveys) and data
analysis (economic valuation, policy, ecosystem services, and satellite images) approaches, and
tools. Some other approaches and tools have also been applied. These are described in the
relevant Chapters. Step 2 presents the process flows (e.g., identify green adaptation strategies,
analysis of economic feasibility and social acceptance, evaluation of current conditions or
ecosystem services, and analysis of governance regimes) that generated the research outcomes
(targeted to address the research questions) shown in Step 3 and eventually achieved my

research objectives.
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1.3.4  Data collection methods

The means for primary data collection include observations, surveys, interviews (individual or
group), schedules, textual or visual analysis, and other content analysis (Gill et al., 2008;
Kothari, 2004; Overton & Van Diermen, 2014). Selection of these methods depend on the type
of data to be collected, i.e., qualitative or quantitative, study area, access to perform research,
time, human and financial resources. Table 1.2 presents the data collection methods used for
my research together with brief descriptions. Secondary data were collected from reviews of
journal articles, books, reports, maps, and information available on the internet. | collected
primary data through observation, interviews with experts, and household surveys and tree
surveys. Details on the primary data collection methods and rationale for selecting them are
presented in the subsequent paragraphs and the method sections of Chpaters 2, 3, and 4.
Appendix V includes the data collection formats and some images of my field activities.

Table 1.2 Data Collection Methods.

Data Type Data Collection  Description

Method
Secondary Review - Collected freely available journal articles, books, reports,
data information from library, internet and personal contacts;

- Purchased data, reports, and maps.

Primary data  Observations - Prepared an observation framework for data collection;
- Performed observation without hampering any activities in
the field:;
- Verified information found from literature review;
- Took GPS coordinates and photographs and did video
recording.
- Recorded noise levels, relative humidity, and temperature.

Primary data  Interviews - Selected experts for interview based on their expertise
using personal contacts and snowballing approach;
- Conducted interview sessions using a check list;
- Recorded conversations with a recording device, translated
into English from Bangla, and transcribed.
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Primary data  Household - Prepared a semi-structured questionnaire which was easy
surveys to understand and less time consuming to fill out;
- Prepared the questionnaire in such a way so that it could
collect both qualitative and quantitative data;
- Pre-tested the questionnaire beforehand and made
necessary changes;
- Determined the statistically significant sample size for the
survey;
- Hired and trained some research assistants for the survey;
- Explained the respondents as clearly as possible and made
them comfortable with the survey process;
- Entered the survey data systematically in data
management software.

Primary data  Tree surveys - Selected a park and three roads for surveying trees;
- Counted trees in the park and on roadsides;
- Measured tree diameter.

1.3.4.1. Observation
Observation method is used for both qualitative and quantitative data collection. It often

involves techniques such as, counting number, measuring area, perceiving social and physical
environments, and analysis of human behavior (Overton & Van Diermen, 2014; Raudenbush
& Sampson, 1999). Observations eliminate subjective bias as information are directly collected
without asking any respondents, obtain information on current conditions, and does not depend
on respondents’ willingness to respond like interview and survey methods (Kothari, 2004). One
key disadvantage of observation method is that it fails to capture the theoretical constructs that
require residents’ perspectives, which can be attained by survey method (Raudenbush &
Sampson, 1999). Relying only on observation may result in misinterpretation, however, if used

in conjunction with surveys, it can be a strong and independent source of data (ibid, 1999).

Observation activities on of ecosystems and ecosystem services were performed for a week in
February 2016 in the entire study area (eight wards, Zone 2). | used an observation framework
(Appendix V) to identify ecosystem services supplied by those ecosystems identified. I utilized
satellite image (Image 1.1) and prepared GIS maps for identifying the study area boundary and
for observing ecosystem services. | verified and classified the ecosystems through observation.
Observations were performed in 80 locations in all eight wards out of which about 20 locations
had full or limited (entry fees or occasionally open) public access. | took GPS coordinates using

a hand-held GPS device and photographs/videos during observations.
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Additionally, | measured noise levels, relative humidity, and temperature twice daily (morning
and afternoon) making a loop (built up area-ecosystem-built up area) for three consecutive days
in January 2017 using a handheld 4 in 1 digital multi-function environment meter. The
specification of the meter is available in Table A.1.1 (Appendix I). Mean values of three days’

measurements were considered for analysis.

1.3.4.2. Interview
The interview method of qualitative data collection involves face-to-face or telephone-based

communications with participants and focus group discussion intended to extract peoples’
views and opinions (Creswell, 2009). The types of research interviews are: structured, semi-
structured, and unstructured. Structured interviews with a checklist of predetermined questions
are relatively quick and easy to administer, however, fail to capture in-depth information (Gill
et al., 2008). Unstructured interviews are time consuming and difficult to manage and to
interpret. Semi-structured interviews, on the other hand, contain a few key questions that help
to guide the discussion topics and also allow the interviewer to gather information in more
detail (ibid, 2008). The interview sessions should not be too long, the interviewer’s approach

must be cordial and unbiased, and must record the responses accurately (Kothari, 2004).

| prepared a list of experts for in-depth interview using my personal contacts or applying
snowballing approach (e.g., recommendations of the interviewees). The experts were emailed
or contacted by telephone to establish mutually convenient meeting schedules. Selection of the
experts was done considering their expertise. Experts included researchers (non-academic),
academicians, government officials, economists, civil engineers, architects, urban planners,
doctors, and local senior citizens. About 60% of the interviewees were environment and
development related experts. The experts were from International Center for Climate Change
and Development (ICCCAD); International Union for Conservation of Nature (IUCN)
Bangladesh; BanDuDeltAS; World Bank; Climate Change and Health Initiative, International
Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B); Climate Finance
Governance, Transparency International Bangladesh (TI1B); Dhaka North City Corporation
(DNCC); Center for Environmental and Geographic Information Service (CEGIS); Bangladesh
Centre for Advanced Studies (BCAS); Department of Urban and Regional Planning,
Bangladesh University of Engineering and Technology (BUET); Department of Economics,

East West University; Department of Development Studies, University of Dhaka; Centre for

26



Chapter 1: General Introduction

Climate Change and Environmental Research, BRAC University, Dhaka Medical College and
Hospital (DMCH), and Latitude-23, Dhaka. Table 1.3 depicts organization type-wise number

of experts interviewed in my research.

Table 1.3 Organization Type-wise Number of Interviewees.

Type of organization No. of interviewees (n=33)
Academic institution

National environmental research organization
Government agencies

Local civil society organization

Individuals (local residents)

International development organization
Architecture farm

International civil society organization
International environmental NGO
International health research organization
National environmental NGO

National social research organization

Total

P PP R RPPOWWAEDNOO

w
w

A semi-structured format for perspective mapping and a checklist of open-ended questions (see
Appendix V) were used during the interview sessions. Written consent was provided by all
interviewees. Some of the interviews were audio recorded with a recording device while also
taking written notes. Recorded conversations were then translated into English from Bangla
and transcribed. As promised to the interviewees, | did not disclose identities of individuals

interviewed, rather | referred to them according to an assigned number.

1.3.4.3. Survey
Household survey

Questionnaire-based surveys are common quantitative data collection technique, which is
particularly popular in case of big enquiries and widely used in social science and ecological
research (Kothari, 2004; Overton & Van Diermen, 2014; Raudenbush & Sampson, 1999). A
gueationnaire consists of a number of questions beginning with some basic questions and
progressing to the more complex and sensitive questions (Overton & Van Diermen, 2014). A
questionnaire could be internet- or paper-based and the questions may be multiple choices,
dichotomous (yes or no answers), or open ended (Kothari, 2004). Questionnaire-based surveys

are inexpensive ways to obtain data from potentially a large number of respondents (de Groot
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et al.,, 2006). However, designing and interpreting a questionnaire efficiently is time
consuming. One difficulty may arise while collecting data that is the respondent may not reveal
true preferences or situations Surveys are often conducted on a representative sample of a
population to understand trends, attitudes, or opinions and then generalized to the whole
population (Creswell, 2009). Conducting a pilot survey is essential before the main survey in
order to pre-test the questionnaire and determine the sample size (Cochran, 1953; Kothari,
2004).

| conducted a survey on 510 households from April to June 2016 in three wards 6, 7, and 8 of
Mirpur-Pallabi Zone, DNCC. | did a pilot survey beforehand for pre-testing the questionnaire
and determining the sample size for the main survey. Dichotomous questions with answers of
‘yes’ or ‘no’ were assessed and the random sampling formula (Equation 1.1) from Cochran
(1953) was applied to determine the sample size. | ensured that the randomly selected

households covered as broad a geographic area as possible within the selected wards.

1= 1.962(P(1 = P)/0.052) 1.2 .o oo, (1.1)

Where, n = sample size, P = Proportion of beneficiaries selected, i.e., percentage of preferred
variable from ‘yes’ or ‘no’, 1.96 is the value of normal distribution at 5% level of significance
implying that 95% of the area of a normal distribution is within 1.96 standard deviation of the
mean, assuming 5% admissible error and 20% non-response rate (i.e., 20% more samples will

be required).

Map 1.3 shows the surveyed area and locations of the surveyed households. The randomly-
selected respondents were asked structured questions (see Questionnaire in Appendix V).
Hand-held GPS devices were used to record the GPS coordinates of the households. There
were 175 (34.3%), 174 (34.1%) and 161 (31.6%) respondents from ward 6, ward 7 and ward
8, respectively. About 63% respondents were male. Proportion of the females surveyed ranged
from 31-44% across wards. Most respondents (42%) were aged between 35-45 years, held
bachelor degrees (36%), and were married (91%). Average monthly household income was
greater than 50 thousand BDT (Bangladeshi Taka; 78 BDT =1 USD). Most respondents (66%)

did not own their own houses paying 5-10 thousand BDT rent per month.
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Map 1.3 The surveyed area and locations of the surveyed households.

Tree surveys

It is crucial to gather information on, for example, number of trees, tree height, diameter at
breast height (DBH), leaf area, and species type in order to estimate carbon stock and
equivalent carbon dioxide (CO2) quantity in vegetation (Brown, Gillespie, & Lugo, 1989;
Chave et al., 2005). Sampling of trees is usually performed as it is not possible to measure each
and every tree in a study area due to resource constraints (Pearson, Walker, & Brown, 2005).
Pearson, Walker, and Brown (2005) prepared plot-size rules for simplicity that reasonably
balance effort and precision, which is widely accepted and appreciated by IPCC. Although,
choice of the size and shape of the sample plots depend mostly on time, cost, demand for
accuracy and precision. Same applies to the number of plots and sub-plots.

| selected three major roads and a park (the National Botanical Garden) in the study area for
tree counts and tree diameter measurement. These roads included Zoo road (Mirpur 1 Sony
cinema hall to Zoo- 1.63 km), Mirpur road (Mirpur 10 to Mirpur 1 Sony cinema hall- 1.59 km),
and Begum Rokeya Saroni (Mirpur 12 bus depot to Mirpur 10 circle- 2.51 km) (Image A.1.1,
Appendix I). The total area of road considered was 17.2 ha (length: 5.7 km and width: 0.03
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km) and vegetation coverage was assumed to be 50% for each road totaling 8.6 ha. Overall, 13
sub-plots each of 30 x 30 meter were randomly selected in the roads, and 10 random sub-plots
each of 20 x 20 meter were examined inside the park. The GPS coordinates of the sub-plots
were recorded. | measured Girth at breast height (GBH), i.e., circumference of trees (in cm) at
1.5 meter height from ground using a measuring tape. Diameter at breast height (DBH) was
calculated by dividing GBH with the value of pi. Trees were classified as mature trees (DBH
> 20 cm), poles (DBH 10-20 cm), and saplings (DBH < 10 cm). Saplings (DBH < 5cm),
seedlings, shrubs, and any tree less than 1.5 meter in height and trees situated on private

properties were excluded from my analysis.

1.3.5 Data management

A paperless data management application was developed for data entry and monitoring.
Screenshots of this application are available in Appendix V. It was a desktop-based application
that used MS Access database in a Windows platform. Maximum validation rules were set in
the system to prevent errors during data entry. Rules included logical and range checks,
uniqueness check, and skipping rules for avoiding collection of undesired information. Features
of the developed application are as follows:

= Design application into a frequently updatable format;
= Include auto skips according to the questionnaire;

= Set up validation rules to prevent incorrect data entry;
= Notify the user while entering wrong data;

= Do detailed labeling to avoid confusion;

= Minimize manual typing by setting choice list.

The following technologies were used for development and data management of this

application:
Tools Technology
Database MS Access

Development frameworks and languages  C#. Windows Forms

Data analysis tools Stata, MS Excel
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1.3.6  Data analysis approaches and tools

Four main approaches were undertaken for data analysis of my research: satellite image
analysis, ecosystem services analysis, economic valuation (estimating prices and quantities of
ecosystem services), and policy analysis. MS-Excel, SPSS, and ArcGIS 10.3 were some tools
that | used for statistical analyses (e.g., regression, correlation) and preparing maps. Brief
descriptions of the data analysis approaches and justifications for using them are presented

below;

1.3.6.1. Satellite image analysis
Remotely-sensed satellite images are important tools to assess linkages between environmental

and social systems, identifying, mapping and managing ecosystems and their services (de
Araujo Barbosa, Atkinson, & Dearing, 2015; Taylor & Lovell, 2012; Weng, 2012). This
technique has been applied to, amongst others, estimating impervious surfaces in urban areas
(Weng, 2012), land use and land cover mapping and planning (Jacqueminet et al., 2013),
collecting spatial information for data poor regions (Dewan & Yamaguchi, 2009b; Sedano,
Gong, & Ferrdo, 2005), measuring quality of public open spaces (Taylor et al., 2011), and
investigating morphological characteristics (Goudie, 2013). Retrieving satellite images are
sometimes costly and inaccessible. However, many scientific studies have been conducted
based on open source images such as Google Earth (Goudie, 2013; Taylor et al., 2011; Taylor
& Lovell, 2012). Google Earth satellite images make data collection inexpensive, convenient
and less time consuming. This approach provides an opportunity to extract information on
inaccessible and data poor areas, helps to verify and classify documented and undocumented
information, allows visualization of the study area, and offers wide geographic area coverage
(Sedano, Gong, & Ferrdo, 2005; Taylor et al., 2011; Taylor & Lovell, 2012).

In order to identify the study area boundary, | used satellite images and GIS maps. The study
area’s administrative boundary information (GIS shapefiles) was provided by the DNCC town
planner’s office. The boundary was superimposed on high-resolution aerial images collected
from Google Earth (Image 1.1). The satellite images were analyzed for initial identification of
ecosystems. The GIS shapefiles were converted into kml/kmz format on ArcGIS 10.3 for

preparing preliminary maps for my fieldworks.
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Source: Google Earth, February 2016.

Image 1.1 Satellite image of the Zone 2 (Mirpur-Pallabi), DNCC.

1.3.6.2. Ecosystem services analysis (ESA)
Ecosystem Services Analysis (ESA) (analogous to ‘function analysis’) is one of the

environmental systems analysis tools that is applied to identify and quantify provisioning,
regulating, supporting, and cultural services provided by ecosystems (de Groot, Wilson, &
Boumans, 2002). It has both qualitative and quantitative aspects. de Groot et al. (2006)
considered this analysis to be the first step of ecosystem valuation as it helps to establish an
inventory of ecosystem services within the ecosystem that is to be valued.

After identifying the provisioning, regulating, supporting, and cultural services provided by the
ecosystems in my study area, | applied the ESA approach to evaluate the current condition of
the ecosystem services and their contribution to human wellbeing. Afterwards, an inventory of
ecosystem services was prepared (Section 2.4, Chapter 2). This analysis also contributed to the
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assessment of ecosystem and ecosystem services governance (Chapter 3). The ESA was
performed based on observations, surveys, and expert interviews. An evaluation of relevant
peer-reviewed literature supplemented this analysis. There was a lack of data on quantities of
urban ecosystem services. Accordingly, the ESA was undertaken mostly in a descriptive

manner.

1.3.6.3. Economic valuation
For economic valuation, a common unit (e.g., money) for valuing utility derived from actual

or potential use (values) of ecosystem services is considered. Figure A.1.2 (Appendix I)
presents a typology of economic values of ecosystem services to human societies. In the
following, | present brief descriptions of economic values based on findings from mainstream
literature, for example, de Groot et al. (2006); DEFRA (2007); MA (2003); TEEB (2010b).

Use values relate to private or quasi-private goods which generally attract market prices. Use
values can be attached to actual or future use of an ecosystem service. Actual value is divided
into two categories, direct use value (DUV) and indirect use value (IUV). DUV is obtained
from direct use of ecosystem services, which can be consumptive (e.g., crops, fisheries,
livestock, water, raw material) or non-consumptive (e.g., recreation, landscape amenity). These
uses can be extracted, consumed, or enjoyed directly. IUV is non-extractive in nature and
associated with regulating services considered as public services. The values of these uses are
not usually reflected in markets (e.qg., soil fertility, pollination, water purification). Option value
(OV) (sometimes referred to as quasi-option value) is related to the possibility of future value
from an ecosystem service (e.g., bioprospecting activities for discovering medicinal uses of
plants). Non-use value (NUV) is passively derived from the knowledge that the natural
environment is maintained. These values are neither directly nor indirectly involved in the uses
of a particular ecosystem service. Existence value originates from the knowledge that an
ecosystem service exists even though people may or may not have any actual or planned use
of it (e.g., donating to panda or blue whale preservation even if there is no chance to see these
animals in an individual’s lifetime). Bequest value relates to inter-generational equity, i.e.,
value of a resource that will be passed on to generations to come. Lastly, altruist value is linked
to intra-generational equity, i.e., value associated with the availability of an ecosystem service
to the current generation. Non-use values are challenging to derive as these are related to

religious, moral, or aesthetic reasons for which markets do not usually exist. The same
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difficulty presents for measuring IUV. In the absence of direct and indirect price information

on ecosystem services hypothetical markets are created to obtain values.

In principle, the total economic value (TEV) of an ecosystem is calculated according to
Equation 1.2 where the values are considered to be mutually exclusive (Hein, 2010; Pearce &
Turner, 1990). This approach enables measurements of the contributions of marketed and non-
marketed benefits originating from ecosystems to social and economic well-being and helps to
guide policy/decision making. Nonetheless, estimating the TEV of an ecosystem is complex.
Some commonly-used methods of valuation of ecosystem services include direct market
valuation approaches, revealed preference approaches, stated preference approaches, and

benefit transfer method (see Table A.1.2, Appendix | for details).

TEV = DUV +IUV + OV + NUV .o e (1.2)

| evaluated a number of urban ecosystems and ecosystem services in the study area. Valuing
each and every ecosystem service was not feasible. | estimated the gross economic values of
some selected ecosystem services (Section 2.5, Chapter 2) following the TEV equation but |
did not claim it to be a TEV analysis. Rather, | calculated quantities and prices of some selected
ecosystem services. Quantities were estimated through the ESA (Sub-section 2.2.5, Chapter 2)
and prices were estimated applying market prices, avoided cost methods, and benefit transfer
methods (Sub-section 2.2.6, Chapter 2).

1.3.6.4. Policy analysis
Policy analysis gives insight into existing legal provisions and institutional contexts regarding

relevant matters. According to Vignola, McDaniels, and Scholz (2013), for ecosystem services
governance, the policy analysis provides a practical basis for recognizing “information flows
and influence in governance networks” and thus it helps to analyze how much importance is
given to this particular issue, identify key stakeholders, governance objectives, priorities and
strategies, and detect possible shortcomings. Policy documents analysis, interviews,

institutional analysis, and stakeholder analysis are some common methods for policy analysis.

In my research, the policy analysis was performed to get an overview of ecosystem and

ecosystem services governance in Bangladesh, with a focus on urban areas and Dhaka city, by
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the government, NGOs, and private sector organizations. | evaluated government legal
guidelines (see Appendix Ill: The Government Legal Guidelines A.3.1-A.3.17) passed after
the Liberation War of Bangladesh in 1971 until 2016 from the Legislative and Parliamentary
Affairs Division®, the Ministry of Law, Justice and Parliamentary Affairs, the Department of
Environment’, the Ministry of Environment and Forests® and other ministries/departments of
the Bangladesh government. Additionally, | assessed the environmental agendas of
international development organizations and ENGOs, and private sector organizations (e.g.,
national NGOs, research organizations, civil society organizations). Information from in-depth
interviews with experts (e.g., direct quotes, translated transcriptions), literature review (reports,
websites, and journal articles), and household surveys were utilized for this analysis. Results
from the ESA supplemented the policy analysis. Details of the policy analysis and the selected
organizations are available in Sub-section 3.2.2, Chapter 3.

1.4 THESIS CONTOUR

Chapter 1 of my thesis includes a general introduction. It provides an overview of current
understanding of urban ecosystems and ecosystem services, the nexus of ecosystems and
ecosystem services with the social and economic systems, and urban ecosystems and ecosystem
services in the context of Bangladesh based on a literature review. Furthermore, this Chapter
contains the purpose of my research and the overall methodology that | followed for data
collection and analysis. Some parts of Chapter 1, particularly background and methodology
sections are necessarily repeated in other Chapters. Nevertheless, to avoid repetition, | have

referred to relevant section or sub-section number(s) in the text throughout this thesis.

In order to attain my research aim, | have formulated five research questions. Chapters 2, 3,
and 4 include the results of my research addressing these questions. All three Chapters are self-

contained having separate introductions, methods, results, and conclusions/discussions.

Chapter 2 provides content, which identifies, classifies, quantifies, and values ecosystem
services in Dhaka city (my study area). It provides a comprehensive examination of the current
state of ecosystem services. In addition, it includes an inventory of currently-available

ecosystem services and their gross economic values.

8 http://bdlaws.minlaw.gov.bd/chro_index_update.php
7 http://www.doe.gov.bd/site/page/9dbecce5-8da8-41e8-8142-ea143ef9942a/Acts
8 http://moef.portal.gov.bd/site/page/9835327b-6954-4e0d-9f1d-71562fd6c452
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Chapter 3 presents a description of the current ecosystem governance system in Bangladesh,
or more specifically urban areas and Dhaka city, under three governance regimes: government,
non-government, and private sector organizations. | particularly emphasize the involvement of

local communities/citizens in governing ecosystems and ecosystem services.

Chapter 4 presents a review of green adaptation strategies already in practice worldwide at city
scales for managing urban green and blue ecosystems and their associated ecosystem services.
This chapter also includes the analyses of my empirical research on citizens’ acceptance of

green adaptation strategies and affordability for implementation in Dhaka city.

Finally, Chapter 5 synthesizes the main research findings. It is followed by a reference section
and five appendices. Appendices I, 11, I11, and 1V contain additional materials for Chapter 1, 2,
3, and 4, respectively. Appendix V includes the data collection (observation framework,
interview questions, survey questionnaire) and management (data entry application)
instruments, some snapshots taken during the fieldwork in Dhaka, a list of courses | attended
at Monash University, and a list of relevant events that | participated in, and other activities

that | performed during my study.

Table 1.4 shows the relationships between the results Chapters, research questions,
publications, and my research aim. Research questions 1 and 2 are addressed in Chapter 2.
Chapter 3 addresses research question 3. Chapter 4 deals with research questions 4 and 5.

Chapter 2 is partially based on, and Chapter 4 is mostly based on, two of my publications.
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Table 1.4 Relationships between the thesis chapters, research questions, publications, and research aim.

Chapter Research question Publication Research aim

Chapter 2 RQ1. What ecosystems and ecosystem services are Zinia, & McShane. (2018). Significance of urban green  Identify and value urban
available in the study area? and blue spaces: Identifying and valuing provisioning ecosystems and
RQ2. What are the economic values of the identified ecosystem services in Dhaka city. European Journal of  ecosystem services
ecosystem services? Sustainable Development, 7(1), 349-362. doi:

10.14207/ejsd.2018.v7n1p349

Chapter 3  RQ3. How does the governance regime address N/A Assess ecosystem
ecosystem and ecosystem services? governance

Chapter 4  RQ4. What green adaptation strategies are applied Zinia, & McShane. (2018). Ecosystem services Recommend socially
worldwide for urban ecosystem services management: An evaluation of green adaptations for acceptable and
management? urban development in Dhaka, Bangladesh. Landscape economically feasible
RQ5. Which green adaptation strategies are and Urban Planning, 173, 23-32. doi: green adaptation
economically feasible and socially acceptable in the  https://doi.org/10.1016/j.landurbplan.2018.01.008 strategies

study area?
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CHAPTER 2: TYPOLOGY, INVENTORY, AND
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38



Chapter 2: Typology, Inventory, and Values

2.1 INTRODUCTION

Urban systems are often treated as separate ecosystems (Costanza et al., 1997; de Groot,
Wilson, & Boumans, 2002; Grimm & Redman, 2004; Mcintyre, Knowles-Yanez, & Hope,
2000; Niemeld et al., 2010). Urban systems, as stated in MA (2005a), are linked to specific
spatial settings (cities, urban centers, peri-urban areas), diversified landscapes comprising
varied ecosystems, urban settlements, and people living in urban areas. Urban ecosystems
signify “the most complex” mixture of land cover and land use (Foresman, Pickett, & Zipperer,
1997) and thus comprise all available green and blue places within an urban setting (Bolund &
Hunhammar, 1999). These ecosystems generate services that are crucial for urban residents
(Ahern, Cilliers, & Niemel&, 2014). Ecosystem services are the direct or indirect goods and
services i.e. benefits derived from ecosystem functions contributing to human well-being
(Costanza et al., 1997; Daily, 1997; de Groot, Wilson, & Boumans, 2002; MA, 2005a; TEEB,
2010a). There is no agreed single method of classifying ecosystem services. However, the
classifications mentioned in the Millennium Ecosystem Assessment (MA) framework are
commonly accepted (DEFRA, 2007): provisioning, regulating, supporting/habitat and cultural
services (MA, 2005a). Provisioning services are the goods humans obtain from the ecosystems
(food, water, raw materials and medicines). Regulating services include flood prevention,
pollution control, and microclimate regulation among other controls on ecological functions.
Supporting services are necessary for the production of other ecosystem services such as
nursery services, gene pool control, and production of oxygen. The non-material benefits
derived from an ecosystem are regarded as cultural services (tourism, religious value).
Ecosystem services are location specific. Thus, no specific set of ecosystem services apply to
urban areas; they vary with the physical and demographic characteristics of cities.

Valuation influences perceptions of the importance of ecosystem services to human well-being
and causes people to rethink about the consequences of their own actions on the environment
(Barkmann et al., 2008; Clayton & Opotow, 2003; Zavestoski, 2004). Valuation helps to
express nature’s value in with a common way, aligned to major political and economic views
all over the world (TEEB, 2010a). Additionally, valuation aids in deciding on intervention
options for environmental management and assessing damages/benefits associated with such
interventions (DEFRA, 2007). According to Farber, Costanza, and Wilson (2002) valuation is
defined as “the process” of presenting a value that is “the contribution of an action or object

to user-specified goals, objectives or conditions” for a specific “action or object”. Methods of
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valuation for ecosystem services involve conventional economic valuation including direct
market valuation approaches (market price, factor income based approach, cost-based methods
such as avoided cost, replacement cost, mitigation and restoration cost), revealed preference
approaches (travel cost method, hedonic pricing), stated preference approaches (contingent
valuation, choice modelling, group valuation), and benefit transfer method (de Groot et al.,
2006; DEFRA, 2007; Farber, Costanza, & Wilson, 2002; Richardson et al., 2015; TEEB,
2010b; Van der Ploeg, De Groot, & Wang, 2010).

Ecosystems and ecosystem services assessment and valuation is a new arena of research in
Bangladesh. Some studies have been conducted recently on ecosystem services and human
wellbeing in the coastal zone (Hossain et al., 2015a), climate change and coastal wetlands
(Hossain et al., 2015b), values of provisioning and cultural ecosystem services of the
Sundarbans mangrove forest (Uddin et al., 2013), ecosystem-based adaptations in coastal
Bangladesh (Ahammad, Nandy, & Husnain, 2013; Nandy et al., 2013), the quality of major
parks in Dhaka (Haque et al., 2013), and aquaculture as a source of food in urban and peri-
urban areas of Dhaka (Islam et al., 2004a). Until now, no integrated study has been undertaken
focusing on quantification and valuation of urban ecosystem and ecosystem services for

Bangladeshi cities.

Dhaka, the capital city of Bangladesh, has a total area of 1,464 km? (BBS, 2013a). More than
77% of Dhaka has been urbanized and the annual population growth rate is 3.5% (BBS, 2012).
Further expansion is expected to occur in the peri-urban areas of the city (Roy, 2009b). About
62% of 12 million inhabitants live in urban areas of Dhaka (BBS, 2012). Dhaka is the socio-
economic and cultural center of the country. Migration from rural climate-stricken areas
(northern and southern parts of Bangladesh) to Dhaka is common. Apart from economic
factors, public facilities, and climatic events including flood, cyclone, river bank erosion and
monga (drought) also drive migration to Dhaka (Ishtiaque & Mahmud, 2017; Jahan, 2012;
Rabbani, Rahman, & Islam, 2011). Most migrants settle in slums: 3.4 million people currently
live in slums of Dhaka (Ishtiague & Mahmud, 2017). Informal settlements, housing
development projects, and associated infrastructure construction, occur at the cost of loss (or
degradation) of wetlands and vegetation (Alam & Mullick, 2014; Shubho et al., 2015) thus
threatening or reducing crucial ecosystem services. Accordingly, there is an urgent need to

assess the states and values of urban ecosystems and their services in Dhaka, to develop
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strategies for preventing further degradation, and to maintain or improve the contributions of

ecosystem services to residents’ wellbeing.

The objectives of this Chapter are to construct a typology of ecosystems for the study area
through identification and classification of ecosystems; to prepare an inventory of currently-
available ecosystem services for each ecosystem category and finally, to estimate the economic
value of major ecosystem services. Data collection and analyses methods comprise
observations, household surveys, in-depth interviews with experts, literature review, satellite
image analysis, GIS mapping, ecosystem services analysis, and direct and indirect market
valuation. Both qualitative and quantitative approaches are used. This is the first
interdisciplinary assessment of urban ecosystem services for the highly built-up city Dhaka
with potential consequences for the entire South Asia region.

2.2 METHODS

2.2.1  Satellite Image Analysis and GIS Map Preparation

Recent and high-resolution aerial images from Google Earth were analyzed to identify
ecosystems in the study area. Ecosystems were identified within the administrative boundary
of Zone 2 (Mirpur-Pallabi), Dhaka North City Corporation (DNCC) comprising eight wards.
This was done by superimposing the study area’s GIS files on Google Earth. GIS shapefiles
were collected from the DNCC office and converted into kml/kmz format in ArcGIS 10.3.
Areas of the ecosystems were measured in hectares separately for each ward. After field-level
validation and classification of the ecosystems, | prepared GIS maps as outputs. Sub-section

1.3.6.1, Chapter 1 has more information on satellite image analysis.

2.2.2  Observation

Observation activities were performed in 2016 to validate ecosystems in the entire Zone-2
(eight wards). 1 identified ecosystem services using an observation framework. GPS
coordinates and photographs/videos were taken during observations. Observations were
performed in 80 locations in all eight wards out of which about 20 locations had full or limited
(entry fees or occasionally open) public access. | recorded noise levels in the built-up areas

and inside/near ecosystems in 2017 with a handheld digital multi-function environment meter.
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Mean values of three days’ measurement were calculated in the analysis. For details of

observation activities please see Sub-section 1.3.4.1, Chapter 1.

2.2.3  Household Survey and In-depth Interview

| utilized household survey data to analyze states of ecosystems and ecosystem services in the
study area. The questionnaire-based survey of 510 households was conducted in wards 6, 7,
and 8 of Mirpur-Pallabi Zone, Dhaka North City Corporation (DNCC) in 2016. Details of the
study area and survey are described in Sub-sections 1.3.2.1 and 1.3.4.3 (Chapter 1),
respectively. The randomly-selected respondents were asked structured questions on, amongst
others, visits to preferred ecosystems, frequency and purpose of visits, travel cost, willingness
to pay for an additional increase in existing entry fee or a newly imposed entry fee, and

perceptions on the states of the ecosystems (air quality, surface water quality, noise level).

In-depth interviews of 33 experts provided an overview on the abundance and state of Dhaka’s
ecosystems and ecosystem services, and contributions of ecosystem services to human
wellbeing. I used a semi-structured format to obtain individual perspectives and a checklist of
some open-ended questions. The interviewees included researchers, academicians, government
officials, economists, architects, civil engineers, urban planners, doctors, and local senior
citizens. For details on the organizational affiliations of the interviewees (Table 1.3) and

interview procedure, please see Sub-section 1.3.4.2 (Chapter 1).

2.2.4  Ecosystem Services Analysis

| applied the Ecosystem Services Analysis (ESA) to get insights into provisioning, regulating,
supporting, and cultural services currently provided by the ecosystems in the study area and to
assess their contribution to the citizens wellbeing. An inventory of urban ecosystem services,
i.e., a list of those services offered by each category of ecosystem was compiled using ESA.
The typology of ecosystem services was adapted from Van der Ploeg, De Groot, and Wang
(2010) and de Groot et al. (2012) (Table A.2.1, Appendix Il). The ESA was evaluated mostly
in a descriptive manner based on observations, surveys, and expert interviews. Information

from secondary sources was incorporated in this analysis.
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2.2.5  Ecosystem Services Quantification Methods

Selected provisioning and cultural ecosystem services and regulating ecosystem services
generated by parks (National Botanical Garden and Bangladesh National Zoo; ward 8), rooftop
gardens (ward 6, 7 and 8), cultivated lands (area extracted from satellite images and GIS maps;
ward 6, 7 and 8), two khals (Rupnagar and Arambag; ward 6 and 7), one playground/field
(Arambag; ward 6), trees in three major roads (ward 6, 7 and 8), two lakes inside the
Bangladesh National Zoo (ward 8), one jheel (Pallabi jheel; ward 6) were quantified for
economic valuation. Table A.2.2 (Appendix Il) summarizes descriptions of quantitative data
and their collection methods and the following sub-sections describe the quantification

procedures.

2.2.5.1. Provisioning ecosystem services
Results of observations, surveys, and interviews (e.g., local residents, National Botanical

Garden, and Bangladesh National Zoo authorities) were used to quantify provisioning
ecosystem services (e.g., fruits, vegetables, fodder). An evaluation of relevant peer-reviewed

literature complemented this assessment.

Rooftop gardens were identified in 35% of surveyed holdings. Extrapolation of the gross value
of rooftop provisioning services for all holdings in the study area was calculated following
Equation 2.1 from Lannas and Turpie (2009).

Value of rooftop garden = Y, pgs Yohhpgs X HH X Vppg..oovviiiiiiiiiiiiiiiiiieinnen (2.1)

Here, PES represents provisioning ecosystem services (i.e., fruits and vegetables from rooftop
gardens), %hh is the percentage of surveyed households that used a particular species of fruit
or vegetable, HH represents the total number of holdings in the study area, and V is the average
income earned per user household from the rooftop.

2.2.5.2. Regulating ecosystem services
A. Tree measurement

Three major roads and a park (National Botanical Garden) were selected in the study area for

tree count and tree diameter measurement. These roads included segments of Zoo road, Mirpur
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road, and Begum Rokeya totaling an area of 17.2 ha (length: 5.7 km and width: 0.03 km). The
vegetation coverage was assumed to be 50% for each road totaling 8.6 ha (see Sub-section
1.3.4.3, Chapter 1 for roads information). | randomly selected 13 sub-plots each of 30 x 30
meter in the roads, and 10 random sub-plots each of 20 x 20 meter inside the park. GPS
coordinates of the sub-plots were recorded. | measured circumference of trees (in cm) at 1.5
meter from ground using a measuring tape and calculated diameter at breast height (DBH). 1
classified the trees as mature trees (DBH > 20 cm), poles (DBH 10-20 cm), and saplings (DBH
< 10 cm). Saplings (DBH < 5cm), seedlings, shrubs and any tree less than 1.5 m in height and
trees situated on private properties were excluded from the analysis. Table 2.2 presents the
number of trees counted and measured inside the park. See Table 2.3 for information on

roadside trees.

B. Particulate matter capture

There are no official statistics available for quantities of particulate matter (PM) removal by
urban ecosystems in Dhaka or anywhere else in Bangladesh. My research quantified PM
capture by park and roadside trees. It was done by measuring their DBH first. Monthly average
concentration of pollutants (PM2sand PMuo) data for the year 2016 (Table A.2.3, Appendix II)
were collected for the continuous air monitoring station (CAMS-3) located in the study area
(Darus-Salam, Mirpur) from the monthly air quality monitoring reports of Clean Air and
Sustainable Environment (CASE) Project, Department of Environment (DoE)°. The quantity
of pollutant removal was estimated following Lovett (1994), Nowak (1994) and Jim and Chen
(2008) (Equations 2.2 and 2.3).

PR = PF X A X T et e e e e e e (2.2)

PE = DV X Cooooooeee oo, (2.3)

Here, PR = Pollutant Removal (g/sec), PF = Pollutant Flux (g/cm2/sec), A = Area i.e. tree cover

(cm?), T = Time period (sec), DV = Deposition Velocity (cm/sec) and C = Concentration of air

9 http://case.doe.gov.bd/index.php?option=com_content&view=article&id=5&Itemid=9
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pollutant (g/cm3). Deposition velocity rates (average: 0.64 cm/sec, range: 0.5-2 cm/sec) were
adapted from Jim and Chen (2008).

C. Carbon sequestration

Carbon sequestration data for Bangladesh are scarce. | estimated above-ground carbon stock
and equivalent carbon dioxide (CO.) quantity in park and roadside trees. Only DBH of trees
were measured. The allometric equation of Pearson, Walker, and Brown (2005) and Yuen,
Fung, and Ziegler (2016) was used for quantifying above ground biomass (Equation 2.4).
Equations 2.5 and 2.6 following Alamgir et al. (2016) were also applied to estimate carbon
stock and CO2 equivalent.

In(AGB) = —2.289 + 2.649In(DBH) — 0.021In(DBH)? ..o, (2.4)
Carbon Stock = AGB X 0.47 .....ouo e (2.5)
CO2 equivalent = Carbon StOCk X 3.67 .......c.oouiiiiiiiiiiiiiiie e, (2.6)

Where, AGB= above ground biomass (kg) and DBH = diameter at breast height (cm). Carbon
stock (kg) was assumed to be 47% of a tree’s AGB. CO> equivalent (kg) was assumed to be
3.67 times higher than carbon stock. Furthermore, it was assumed that tree species were
homogeneous in the study area and their numbers, DBH, and other features remained constant
throughout the year 2016.

2.2.5.3. Cultural Ecosystem Services
Most cultural services were non-consumptive in nature (e.g., religious and cultural use of

playgrounds/fields) and therefore quantification was not possible. In such cases, valuation was
performed directly (see Sub-section 2.2.6 for details). Other measures, such as the number of
people visiting each ecosystem, and their purposes of visit, were determined from the surveys

and from interviews.
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2.2.6  Valuation Methods

Direct use values (DUV) and indirect use value (IUV) of ecosystem services were estimated
for the selected ecosystem services mentioned under Sub-section 2.2.5. Consumptive use
values included provisioning ecosystem services (crops, fish, water) and non-consumptive use
values included the cultural ecosystem services (recreation, religious use). In contrast, IUVs
were non-extractive in nature and associated with regulating services considered as public
services prices and which are not usually reflected in markets (e.g., carbon sequestration).
Gross economic values were expressed in terms of BDT (Bangladesh currency- Taka) and USD
for the year 2016. The exchange rate considered was 78 BDT =1 USD. Table A.2.2 (Appendix
I1) shows valuation methods applied for estimating DUV and IUV.

Direct use values of provisioning ecosystem services (Sub-sections 2.5.1.1 and 2.5.1.2) were
estimated through market price based approach, i.e., multiplying prices and quantities. Market
prices were collected from three kitchen markets in the study area (Mirpur 1, Ward 8; Rupnagar
Bazar, Ward 7 and Mirpur 12 Bazar, Ward 6) in June 2016, interviews, and secondary sources
(govt. reports, newspapers and websites). Direct use values of cultural ecosystem services
(Sections 2.5.1.3 and 2.5.1.4) were estimated using a market price based approach and
contingent valuation method (willingness to pay). For some services, revenue from entry fees
(e.g., park recreation value), or the cost of arrangement (e.g., religious value of
playground/field) information was collected from surveys, interviews and personal experiences

were considered as their values.

Indirect use values of three regulating services were estimated: Particulate matter (PM)
capture/removal, carbon sequestration, and drainage services. The first two services were
estimated applying the avoided cost method and a benefit transfer method was applied to the

latter;

. Abatement costs of PMyg by dry and wet sweeping with hand brooms were considered
as the prices of PM removal. This was adapted from an experimental study conducted by
the DoE under its CASE project in Dhaka’s arterial roads, commercial-residential roads
and highways some of which belong to the study area (see Rahman, Begum, & Ahmed,
2016 for details). Costs of dry and wet sweeping were estimated to be BDT 816,418 per
ha (USD 10,467 per ha) and BDT 3,167,401 per ha (USD 40,608 per ha), respectively
(Rahman, Begum, & Ahmed, 2016). The authors did not consider PM2 s abatement costs
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and | also excluded these. The abatement costs were multiplied with quantities of PM1o
(Sub-section 2.4.2.1) captured by the ecosystems to determine gross values (see Sub-
section 2.5.2.1).

" Carbon taxes and carbon credit prices are often considered as prices for carbon (see
Elmqvist et al., 2015). Bangladesh does not currently have a carbon tax. Shin, Miah, and
Lee (2007) suggested that the prices of carbon credits would range between USD 15 and
USD 20 per Mg carbon. | used these values as carbon prices and multiplied them with
the quantities of carbon stock (Sub-section 2.4.2.2) in roadside trees and in the park to

estimate their gross values under Sub-section 2.5.2.1.

. Valuation of drainage service provided by khals in the study area was difficult as
measurements of area, volume, and discharge were complex and time consuming.
Moreover, flood damage information was unavailable. A benefit transfer method using
information from WB (2016) and WB (2017) was applied to estimate drainage service
value (Sub-section 2.5.2.2).

2.3 TYPOLOGY OF URBAN ECOSYSTEMS

2.3.1 ldentification and Classification

Several satellite images from Google Earth similar to Image 1.1 (Sub-section 1.3.6.1, Chapter
1) were analyzed to identify ecosystems in the study area. Initially, ecosystems were
categorized following Bolund and Hunhammar (1999); Byomkesh, Nakagoshi, and Dewan
(2012); Volker and Kistemann (2011) and Dewan and Yamaguchi (2009a). These categories
included street trees (stand-alone trees with/without paved base), park (highly managed areas
including play grounds, golf courses), forest (less managed areas with density of trees higher
than parks), agricultural land (cultivated area, crop field), grassland/fallow land (non-cultivated
land), wetland (swamps, marshes, low lying waterbody), lake/pond (permanent and confined
open waters) and river/stream (flowing waters). Not all of these categories of ecosystems were

available in the study area and some additional categories were identified.

The classification of ecosystems was finalized after field-level verification and expert
judgement. The ecosystems found in the study area included khal (canal; open channel), lake,
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jheel (abandoned channel bottom of a river having confined water), pond, wetland, cultivated
land, park and rooftop garden, playground, open space/vacant plot, roadside trees and others
(graveyards and mixed ecosystems). Map 2.1 shows the number and locations of these
ecosystems. The National Botanical Garden and the Bangladesh National Zoo were categorized
as ‘park’. Rooftop gardens were common in the study area. | used survey methods to identify
numbers of rooftop gardens. Of the 510 holdings surveyed, 178 had rooftop gardens. Some
ecosystems were difficult to identify separately because of the presence of more than one
category of ecosystem in a relatively small area. There were a few graveyards in the study area.
Graveyards were considered as distinct urban ecosystems. Mixed ecosystems and graveyards
were categorized under ‘others’. The Sher-e-Bangla National cricket stadium and its outer
stadium were categorized a