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ABSTRACT

Wetlands serve as the most valuable ecosystem services in the world. The East Kolkata wetlands are no
exception regarding the varied services they provide to the city. The city's population of 4.5 million
residents generates almost 1.1 m3 of wastewater, which is channelled towards the east Kolkata wetlands
due to the natural slope of the city from west to east. This wetland ecosystem recycles 50% of the
wastewater received in the ponds of the wetland ecosystem. The rate of urban expansion throughout the
globe has been alarming and the development of paved surfaces starkly contrasts with the ecosystem
services. The increase in hard and impervious surfaces adversely affects the infiltration capacity of the
wetlands by shrinking them in size, aggravating problems such as urban flooding. Urban floods are often
concomitant to the reduction of urban greens and reckless exploitation of valuable ecosystem services
such as wetlands and natural water bodies.

The urban expansion of the metropolitan city of Kolkata has resulted in the planning of urban areas in
Rajarhat in east Kolkata, where two udeatresiamed Salt Lake and Newtown have attracted people

from various parts of the state and the country, providing employment opportunities and increasing
demand for land. The further expansion of the concrete landscape has had detrimental effects on the
ecological services that were once available in these areas. The city Salt Lake derived its name because
area where it is located at present was a conglomerate of multiple saltwater lakesapeshlover

|l ying area. I n the 1960s, the growi rclassneed t o
population gave birth to the planned city, which was built over the saline water bodies by filling them with
a mixture of sand and mud obtained from the river Ganga. Since then, the urban area has been sensitive
precipitation, resulting in urban floods.

The countries in the globhbhasedr 8l havenso6dtaft Nie8)
tackle wicked problems in urban areas, such as waterlogging. These solutions work synergically with
nature and provide urban flood mitigation measures that do not have any adverse effect on the natural
environment. This study tries to delve into the different possibilities of mitigating urban floods in the
areas surrounding the east Kolkata wetlands, which is a Ramsar convention site and should be immune t
urban development. The study identifies specific target areas that are highly susceptible to flooding by
NbS measures, which can help in reducing the intensity of urban floods and possibly mitigating them in
the long run. The target areas identified by a systematic Spatial Multicriteria Analysis (SMCA) have been
recommended arspecific NbS measures like bioswales, rain gardens, community gardens, rainwater
harvesting channels, and the like. Besides recommending these measures, the study also takes into accc
the needs of the local citizens. It fosters discussions at administrative levels regarding the feasibility of
integration of NbS into the spatial planning and flood mitigation schemes of the Bidhannagar
Municipality, East Kolkata Wetland Management Authority, and the Newtown Kolkata Development
Authority (NKDA).

The study found that the rapid increase in paved impervious surfaces is the prime factor increasing the
likelihood of urban flooding in the study area, which can potentially be dealt with by NbS. Effective flood
mitigation can be realized by developingspeafic naturbased solutions, which need not be the same

in all cases, depending on the secamomic and physical potential of the areas. Furthermore, the study
also proposed implementing measures that complement the engineering solutions and can reduce urban
runoff and inundation, fostering future research on the development of existing NbS in the study area for
urban flood management.

Keywords:Wetland ecosystem, Urban expansion, Aadsesl solutions, impervious surface, urban

floods, urban flood mitigation, urban flood management, spatial planning.
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REVIVING RESILIENCE: INTEGRATED MANAGEMENT FOR URBAN FLOOD MITIGATIOBASHRGOATURES IN EAST KOLKATA WETLANDS, INDIA

1. INTRODUCTION

1.1. Background and Justification

Urbanization is a global phenomenon occurring at a pace that is making policymakers think of ways to
prevent the negative consequences it has on ecological services. 2050 is the milestone year when 68% ¢
the global population is estimated ttiddegin urban areas, ®of this growthwill predominantly be

from the Global SoutfUnited Nations, 202Z2Jhe growing urban population also demands land for
housingThis, in turn, poses a pressure and grave threat to the natural envifokeyeetological

service offered by the natwealironment is the wetlandsg of the key ecological services provided by
nature, helpingustain biodiversity and ecological equilifiRagBasu et al., 202Besides providing a
habitable environment for marine life and sustaining riparian vegetation, wetlands also decarbonize urbar
areas and act as sinks, filtering wastewater and preventing floods in urban areas. Wetlands have an
immense potential to treat organic waste and replenish groundwater (EsntBess et al., 2020)

However, wtlandsyhilebeingthe valuable assets of nature, have lost their existence by more than 50%
worldwide solely due to the detrimental effects of urbanidasisgupta et al., 2013; Mondal et al. et al.,
2022; Paul et al. 20ZIhe present century has brought with itself an immense conversion of 30 million
kmz of wetlands to impervious, manmade surfaces, in which the last 20 years have contributed to a 6%
decline in wetlandBaso et al., 2002; Mondal et al., 2022)

The consequences of shrinkage of porous surfaces lead to critical problems like urban flooding, loss of
biodiversity and nerenewal of the groundwater. This d@ectly impact the environment and the lives

of the people

According to several studiedyan expansion and the loss of natlanalscapescrease theulnerability

of urban expansieinduced urban floodintn the present decade, the problem of urban flooding has
become a more serious concern in manyBikEs et al., 2014; Ghosh et al., 2023; Ghosh & Das, 2020;
Mondal et al., 2017; Mondal et al., 2D@&)process of shrinkage of valuable natural land is anticipated to
bewidespreadven in future due to the growing demafrdndshrinkage of valuable natural land is
anticipated to be widespread even iedt®posed by urban floods has already been implemented in the
global worth, encouraginthe recovery of the lost natural landscamsgch et al., 2016hitiatives of
Naturebased solutions (NQSlch as green roofs, green watidpollinator plantinghave yielded

promising results in Liverpool, UK, and many other citibs European UnionMell et al., 2023)

The effects of urban expansion are felt worldwide, mostly in developing countries suchdilisdia
home to 17.76% of t he wotoflubdhdsandranpetdrnane theliaelihood h e r e
of a userworldometer2023. The metropolitan region of Kolkata, the capital of the Indian state of West
Bengalhas also witnessed substantial urban growth in tlyegrgdtiondal et al., 2022 part of this
population has also been contributed by political events such as the partitionioftBerigaade of

1960s and 70s, whérestBengal witnessed a huge inflonefiigees from Bangladesh, creating acute
stress on the housing infrastructure of the KolkatéRTitybach, 201Besideshis factor, rurato-

urban migration is also a major contributing factor to the growing population and land demand in urban
areasThe urban development which wadertaken theredrad been at the cost of natural resolnges
converting them into pavedpervious surfacdsolkata has a population d.%million (World

Population Review), making it India's third most populoysGiigkraborty et al., 202ihcreasing

popuktion pressure and demand for scarce urban land resources lgaddgrtyghical expansion of
metropolitan areasrcroaching on areas of ecological significance.




REVIVING RESILIENCE: INTEGRATED MANAGEMENT FOR URBANAIDOND USING NATBREED SOLUTIONS IN EAST KOLKATA WETLANDS, INDIA

Naturebasedsolutions (NbS) is a relatively namtatroducedn 2015 inthe scientific publication of
(Eggermont et al., 201®here the term was first used to refer to an environmental plaeaisigre.
Naturebased solutions are defined by the European (2i@@)xs coseffective actions inspired and
supported by nature to address several social, economic, and environmental challenges sustainably
(Hawxwell Tom et al., 201Before naturbased solutions became a flagship term promubgatesi
European Commission, different stakeholders used to refer to this planning policy usngotier

green infrastructure, sustainable infrastructuregrgler infrastructurecoengineeringstc.(Eggermont

et al., 2015NbS emergeds a researglicy in the document$ the European Green Deal, addressing
critical societal and environmental challenges (European Union, 2019b&megmitemoted as a

policy concepgn Europe, Nb&®ontinues to be hightglevanin countriesvorldwide including tropical
countries like India. The loss of natural resources amsktbétechnical flood mitigation methods by the
government and local authorities still undervalue the diverse benefits that NbS can offer to solve
environmental and societal problems, such as decarbonization and vulnerability reduction

Since its initiation, Nd&sbeen widely studied worldwide for varmuposessuch as addressing

societal issues such as biodiversity loss, climate change, disaster rislaretitegibanc&lbS also
advocates promoting a green economy by providing societal and environmental lsanafjt$doy
economic growttHoweverthese activities are primarily concentrated in European countries and some
parts ofAmericaKabisch et al., 2018he nationsn the global north have implemented solutions like
green roofs and walls, planting exotiegiamt/ing grasses, and permeable pavements, which are gaining
popularity worldwide (Kabisch et al., 2016).

NbS provides severalbenefits that synergically work with natbhausson et al., (2028)their

publication, mention the effectivenesliof applications in different parts of the world, starting from
Greenhouse gas (GHG) emission reduction, ecological restoration, and biodiversity enfifaecement.
current statef-the-art engineering solutions can be complemented with NbS to achieve effective results
for local problems such as urban fleants landslidgfRaymond et al., 201However, NbS has

significant research and knowledge gapsitisibe considered. Determining an appropriate time scale
for implementing and successfully operaibfgis one of the pringapsKabisch et al., 2016).
Consideringll the pros and cons of the concept, appropriatbased measures need to be pointed out
in a collective way. For choosing the right NbS for arstadesholdeparticipationis of great
importancéDaniere et al., 2022)his research aims to highlight how different stakeholders ehesion
potential implementation of NbS in BEldetkatafor flood mitigation(Ratnam & Owuor, 2020Jhese
insights from stakeholdedtsall helpdentifythe opportunities and barriers to NbS applicability in the
study area. Thusgill help in thinking in an innovative gyputting thénecapfits-allbnotion aside
(Woroniecki et al., 2023)

1.2. Research Problem

. Shrinkage of wetlands, urban expansion, and consequent urban flooding are significant problems in
countries worldwidéMondal et al., 2022 the developing and underdeveloped countries of Asia, the
problem is more pressing. Urban floodinépisinstancea common problem faced by most prominent

cities in India, like Mumbai, Kolkata, Delhi, Chennai, Bangalore, an(Dssgupta et al., 2013; De et

al., 2013)These citiesbeing incoastal areas or the catchment afemajor rivers, receive high
precipitation and are prone to urban flobtisvever, NbS has not yet gained much predominance in the
planning system, which is still mainly dominated by conventional measures and engineering infrastructure
construction(Banerjee, 2018; Bhattacharya et al., 2012; Gupta & Singlkd20d3jance, the measures

taken for flood mitigation in the city of Kolkata and its urban agglomerations are lirraigiti ciodt

methods like construction and maintenance of log gatéi&atiten of rivers, lakes, and canals to increase

their capacity during monsoons, making new drains, underground sewage channels, cleaning the drainage
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systems which get clogged due to inefficient solid waste disposal systems and otBerstagitaset

al., 2013)These measures are ofteefficiently undertaken due to the lack of dialogue between the
different hierarchical departments working autonomously.

The extant papers discussing urban flood reduction with NbS have a finite scope toeartariessot
(Raymond et al., 201 Naturebased solutionsbeing manmade/artificially introduced infrastructures
made with technical or engineering techniques, can help taskletgoblem of urban floodinigut

can never surpass the efficiency of ecological services provided by the natural enVoortheeateas

of Salt Lake and NeWwown, the Kestopur and Bagjola Canals play a crucial role in drainage. However,
they are oftechokedand unable to handle heavy rainfall, inundating the surroundin@aneiaach,
2014)SaltLakeds devel opment p u s h e dpronerloMginy ilandawithootn t o
proper planning of the drainage or flouitdgation. This exclusionary approach has led to urban floods in
theseareagMitra & Banerji, 2018a; Rumbach, 200Hg master plans have also overlooked the need to
conserve the valuable east Kolkatdamas which led to rampant growth of buii around these
riparian areasn some places the natural flow of water towards the wetlands hassbesadby

concrete barriers

The city planning culture in Indéadominated by Master PlgBaud et al., 2014)jhe master plans are

often stringent in nature, with mtefined zones delineating land cover, following which cities are
planned. In the case of cities like Salt Lake and dlem the situation is the same. Generally, the reality
seldom aligns with the plan in certain aspects due to multiple(fattors$s k o v.iSpatial plafnidigt )

has a significant role in urban flooding (its causes) and mifigatitda, 2020 heexisting urban flood
reduction and mitigation measures taken by the government are insufficient to prevent urban floods,
which have become more frequent in recent dg@atgipta et al., 2013; De et al., 2013)

The existing studies on NbS dwell at great length upon the holistic approach of the concept to tackle
issues like urban floods, mainly in geographic regions such as Europe, followed hiK&lisaicat

al., 2016)However, research on NbS applications in the global south is also gaining md@dmsamwn

al., 2023; Daniees al., 2022; Ratnam & Owuor, 2020; Torres et al., 2023; Woroniecki et al., 2023).

This research focuseswhyurban floods are occurring in cities like Salt Lake and Newtosvia,

these cities can NbS be applidthare the bestuited NbS services that can be provided in the areas

having the most impact by floodsycan NbS find a place in the existing spatial plans for flood

mitigation with respect to land ownership. These solutions will be provided basdobsadrea

requirements, such as bioswales, permeable pavements, rainwater harvesting systems, percolation pits,
with the involvement of citizens and stakeholders. This research also aims to assess the feasibility and
potential of naturbased solutions to be implemented eatstern Kolkata's existing flood mitigation
schemedncorporation of the stakeholder's perspective plays a key role in the solution stage of the
research. The participation of stakeholders will aid in understanding the dialogue between different sector
and envisioning the key requirements for future urban development with NbS. Besides this, a critical
reflection on which NbS are needed to compensate for the reduced functionality of the wetlands will be
discussed with different stakeholders. Adequate urban flood mitigation strategies will then be provided
based on theutcomes of the surveying and interview process

Frameworks to assess the existence of NbS in municipal plans by developing frameworks are bein
undertaken by researchers by involving stakeholders and localRdiziens et al., 2022)espite the

ongoing research in this fied@ynificant knowledge gapsnain(Seddon et al., 2028mong these gaps,
identification of the barriers and costs involved in NbS implementation, roadmaps for future research and
collaboration, and assessment of the effectiveness of NbS are some of the pifumpeas Union,

2019; Frantzeskaki et al., 2019; Viti et al.,.2022)
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This research aims to address these gaps and explore the potential of NbS as a possible flood mitigation
strategy in the cities surrounding the East Kolkata wetlands, which are losing all tH@angegens
2018)

1.3. Research Objectives and Questions

1.3.1. General Objective

This research aims to aesspeiiibSitarddecdahp impaetsiof urban real i
floods due to the depletion of wetlands in east Kolkata, incorporating the perspectives of stakeholders.

1.3.2. Subobjectives and Questions
1To determine the relationship between urban expansion

a. How and to what extent has East Kol kata Wetl at
2021) 72

b. I s there a relationship between urban expansio
sl ope and shrinkage of wetlands, and urban fl oodi
cWhat is the frequency of flood events from 2001
2. To explore t he suitdbhtiafN@peSd mermesas e L apsheyds i ¢ lale t h e

characteristics.

Questions rel ated atroeash.e characterization of the
aWwhich areas can be fit for NbS measures with r1ec

b. What are the | and use and ownership character
NbS)

c. What are the existing NbS measures in the stu:i
d. WWbi hmeasures shall be appropriate in the targ
3To investigate the awareness bhethewstlbdpgaereadsost ak
a. What are the existing NbS measures (i f any) t.;

they are taken? (Awareness)
b. To what extent are the reasdenscl ofi ome? study

c . Wh a 't is the perspective of the governing bodi
(perceived benefits and drawbacks)? (Willingness)
d. How much are the residents willing to invest I
4. To assess the effectiveness, feasibility, benefits
Wetl and region.

a. How do the governing bodies perceive the eff ec
prone areas?

b. Whatpoaratill@aéd benefits and drawbacks of i mplem
compare to conventional flood management strategi
c. What are the key factors influencing the adopt

context of wurban flood management ?
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1.3.3.  Hypothesis

The expansion of urban areas in the East Kolkata wetland region is gradually shrinking the wetlands and
their infiltration capacity, consequently leading to urban flooding. Theffdateld parts of the urban

area need arspecific NbS measures to mitigate urban floods, which will be suggested based on the
inputs of the stakeholders.

1.4. Contribution to the Research Problem

The present research contrézsukiowledgehat can inform urban flood managemeraduressing

urban flood challenges through nahased solutions in several ways, starting from the identification of
knowledge gaps to providing practical solutions. The research expgeudgdbbical focus of the

concept of naturbased solutions, which are mostly popular in the countries of the Global North.

(Kabisch et al., 2016; Raymond et al., 2017; Seddon et alByff)jsing on the contextuwban

areas in Eastern Kolkatgperiencinpeightened flood issues, the research addresses significant global
challenges related to urbanization and environmental degfiddbisah et al., 2018he research

identifies the existing knowledge gaps in NbS implementation, irtbleidiegtification of barriers

(Raymond et al., 2017; Seddon et al., 2020; VitietalTR@2w dy d s emphasi s on i n
stakeholders and local communa@sgenerate knowledhat NbS solutionsan bdailored to meet

the specific needs and contexts of the affected populatiomsjmgthair effectiveness and acceptance
(Frantzeskaki et al., 20I)rough a comprehensive assessment of NbS interventions and exploring
possibilities of their integration into existing spatial plans, the regaggestipractical solutions for

mitigating or impacting the reduction of urban floods in areas like the East Kolkata wetlands facing
ecological degradation t aki ng st akehol degKa@garietalt 2021 ct i ves i n

1.5. Thesis Structure

Thethesis work is divided into six chapteosnprising the introduction (Chapter 1), dwellirtgeon

problem, research gaps, objectives of the research, and contribution of the research to the problem.
Chapter 2 consists of the literature review of the main concepts of the research, such as urban expansion
wetland shrinkage, urban floods, ndtaseed solutions and their integration into spatial planning.
Chapter 3 Highlights the study areaf6s further ¢
methods of data collection and analysis, and ethical considerations and contingencies. Chapter 4 delves
deep into the results obtained from the analysis and answers each research question. Chapter 5 presents
interpretation and discussion of the analysis, which deals at great length with, tleseastht$indings

and limitationsThe final chapter (Chapter 6) deals with the conclusions obtained from the study and the
recommendations and future roadmap for further research.
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2. LITERATURE REVIEW

This chapter of the research dealsagtincise explanation of the key concepts associated with the

study It elucidates the link between the development of impervious surfaces and the occurrence of urban
floods in the East Kolkata Wetland region. Each concept is introduced systematically, particularly
emphasising Natulmsed Solutions (NbS) as a viable mitigation measure for urban floods. Besides
reflecting upon the existing urban flood management practices in the study area, the research also
elaborates on concepts such as spatial planning and integrated flood management.

2.1. Urban Expansion

Urban expansion refers to the process of spatial growth and development of urban areas, often
characterized by the outward extension ofuquitreas into previously underdeveloped or rudal lan
(Chakraborty & Banerji, 2016; Pfeffer, 20283 phenomenon is driven by factors such as population
growth, economic development, and infrastructure expéusgei et al., 2005; Mondal et al., 2@4s7)
cities expand, they encroach upon surrounding natural landscapes and agriculhaadiagiceir
ecological structure, functions, and land use péitaonet al., 2021)

Rapid urban expansion can also result in the occupation of wetlands and efirenéca@as,

increasing the vulnerability of populations to flood ha@datslarino et al., 2023his process of

physical growth of the city often converts the previously underdeveloped areas into urban areas. Urban
expansion also happens by depleting or completely covering natural waterscapes. This is a commonly
observed scenario in Kolk&@hakraborty & Banerji, 2018atural landscapes, including wetlands, are
often a part of this conversion.

2.2. Wetlands and their Shrinkage

Wetlands are vital ecological resources that recycle wastewater and (Rigtricg a., 202They are

swampy tracts of land, maintaining the groundwater table by recharging it and balancing the hydrological
equilibrium of tharea. Urbaaxpansion leads to the degradation of these natural ecosystems, having a
negative impact on biodiversity and the riparian ecosystem, which is also a thriving ground for marine life
(Mitra & Banerji, 2018byhisshrinkagéeads to alteration of landscapes, change in land use, and
encroachment upon the natural belts, posing a challenge to sustainable land use planning and flood risk
managementtirban expansion often drives wetland shrinkage as urban areas expand into previously
untouched wetland territories, leading to habitafriagsientatiorand degradatigibey, 2018)

Wetland shrinkage refers to the reduction in the extent and size of the wetland area, often attributed to
human activitief\lthough natural causes like droughts also play a roéeeteeldom observéDey,

2018)East Kolkata wetlands, recognized as a valuable wetland resource and tagged as aRamsar site,
rich in natural waterbodies, where canals bring wastewater from the metropolitan city, athi®lkata
enabling them treceive it andaturallyrecyclet. The natural freshwater resources of the area are
diminishing due to encroachment and construction activities, aggravating pluvigiGlueddizigorty &

Banerji, 2016 his intersection of processes highlights the complex relationship between urbanization
and wetland dynamics.
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2.3. Impervious surface development

Hard/impervious surface development involves constructing and implementing rjugdmeaile

surfaces in urban and architectural contexts. These surfacesdnchade, asphalt, and paving stones

for roads, sidewalks, buildings, and other urban infrast(@hoh & Das, 2019)

The concept of impervious surface development is integral to urban planning and design. As it dictates th
spatial organization and functionality of built environments. This approach contrasts with the other softer
alternatives like green infrastructure and Hatisied solutionprioritisingnatural elements such as

vegetation and permeable surfaces to enhance sustainability and ecologic8Heagxieeltd om et

al., 2019Pevelopingmpervious surfaces poses challdilgestormwater runoff and the urban heat

island effect. However, dudripervious surfaces' durability, ease of maintenance agffectiseness

they are quite popular in urban environm@samachandra et al., 2014)

2.4, Urban Floods

Urbanfloodsrefer to flooding events within urban areas, often resulting from heavy rainfall, inadequate
drainage systems, and urbanization pro¢btmasarino et al., 2028he concept of urban floods

underscores the complex interplay of various factors, including land use, hydrology, infrastructure, and
climate chang&umi et al., 2022)

Suchfloods pose significant disruptions to daily life, leading to blocked roads, transportation challenges,
economic damages, and threats to public safety. Cities are particularly vulnerable to floods due to their
high population density, concentration of assets, and proximity to rivers and cog8taiainea’022)
Understanding urban floods involves analyzing contextual factors such as urban development patterns,
drainage capacity, and climate conditions. Addressing urban flooding requires comprehensive strategies
that integrate land use planning, stormwater management, and infrastructure improvements. Enhancing
urban flood resilience involragigating flood risks, building adaptive capacitypromoting

sustainable urban developn{&umi et al., 2022)

Urban flooding can be either fluvial, pluvial, or a combination. Fluvial flooding occurs when all natural
water bodies, like rivers, lakes, and ponds, overflow their banks due to heavy rainfall. It leads to prolonge
inundation and poses significant threats to communities living ipriboedarea@Chen et al., 2010)

Pluvial flooding is typically known as surface water flooding (waterlogging), resulting from intense rainfall
that overwhelms the drainage infrastructure and causes water accumulation in a short duration. Pluvial
flooding is more localized than fluvial flooding but can significantly impact urban areas with inadequate
drainage infrastructure, hampering smooth mobility and other urban fiActbik®poulou, 2020;

Chen et al., 2010jhe metropolitan areas surrounding the East Kolkata wetlands experience pluvial
flooding due to the natural slope of the city from west to east, automatically channelling the runoff waters
towards the East Kolkata wetlands. The concretisation of these natural sponges is leading to an
aggravating problem of pluvial flooding in the(Mitea & Banerji, 2016)

2.5. Changing Hazard Patterns

In the wake of climate change, the hazard patterns have been altered. Lately, the world has witnessed
irregular patterns of hazards. These consist of increased frequency and intensity of extreme weather
conditions. Warmer temperatures across the Indian subcontinent have intensified the water cycle, resultir
in increased strengths of the-lo@ssure systems developing over the landmass. This leads to heavier
rainfall and increased flood risk in many regions. The intensity of tropical storms has also been amplified
in the country, resulting in more destructive storm surges and record precipitai@mostiest al.,

2023; Singh et al., 2021hderstanding the nature of these changing hazards is crucial for effective

climate adaptation and urban flood mitigation. Often, the marginalized sections of society are the ones
who are worst hit by these natural haZ&idgh et al., 2021)
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2.6. NatureBased Solutions (NbS)

Naturebased solutions, accordinghiteEuropeat/nion, (2019) p,aredsolubns that are inspired or
supported by nature, whickefezpasinultaneously provide environmental, socidlesyeditscamd imétp

build resilieace.

Naturebased solutions encompass strategies that utilize natural processes and ecosystems to address
various societal and environmental challéDgesere et al., 202Zhey often complement or serve as

alternatives to

ogrey i

nf r as t-made structuresdike somdretet i

infrastructures (buildings, dams, barriers(@tw@lsson et al., 2020)

NbS ensurestrives folsustainable managemesstorationand protection of ecosystems to provide
benefits such as climate change mitigation, urban flood mitigation, biodiversity conservation and
improved water quality in urban areas. Na@ased solutions like bioswales andyaaitens have

immense potential to mitigate the problem of pluvial urban floddesg solutions harness the inherent

resilience and adaptive capacity of NbS to foster societaimgelind environmental sustainability

(Eggermont et al., 2015)
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Figurel Conceptual understanding of Natbesed solutions. SoufEerreira et al., 2020)

2.7. Nature-Based Solutions typology

Interventions based oraturebased solutions are suitable for areagliffithent socigphysical
characteristics. The interventions provided in this study praddriégshe prevalent problem of
waterlogging in the study area. These solutions go synergically with nature and peffeick/eost
solutions complementing engineesimigtionsNaturebasedsolutions have three typolodigggermont

et al., 2015)

ons
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NbS type-1primarily deals with interventions related to the capacity enhancement of existing
waterbodies/ blue spaces, such as streams, brooks, lakes, ponds, etc, enhancing the existing capacity of
available green and blue spaces.

NbS type-2 deals with the upgradation or modification of existing green spaces such as parks, gardens,
farms, community green areas and open spaces, ensuring sustainable practices in agriculture and allied
sectors, prioritising nature.

NbS type-3 mainly explains the innovations introduced in a particular area. Typical examples of these
solutions are rooftop gardens, green roofs, rain gardens, and community gardens. FThasechature
solutions are mamade and are highly dependent on stakeholder engagement.

These typologies are often interrelated to each other, contributing to the enhancement of urban greenery.
They involve effective planning anetoeation among the differestakeholdersA detailed insight into

these typologies has been providédgr2below.

greening Enu."dmgs_
artificial ecosystems

innovative planning
of agricultural
landscapes

marine protected \

=3 - .

area networks €1"
. R

and fisheries «° el

number of services and
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v —— >
level and type of engineering
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Figure2 Nature based Solution Bjpgies Source(fEggermont et al., 2015

To localize these interventions, -apecific maps have been madealidhe target areas identified in the
research.

2.8. Naturebased Solutions for Urban Flood Mitigation

Naturebased solutions are sustainable solutions recognizeecfiecibadinterverions for urban flood
mitigation. Nbs offer several benefits to urban landsssgtieig from stormwater management and

providing biodiversity and ecosystem servicehi s enh anc e s ,fastermg ecoogical ur b a
resilience and mitigating the adverse effects of urban fliutiogean Union, 2019)

The Urbarexpansiomf Rajarhat Salt Lake and Newtown has had detrimental effects on the riparian
vegetation nurtured by the EHlsikata wetlands. The protection of the existing expanse of wetlands and
implementing Natureased solutions will play a pivotal role in maintaining the environmental equilibrium
and mitigating urban flooflBanana Valley Watershed Association,.2008)

The dense growth of indigenous plant species in and around the marshes will stabilise the soil, preventin
erosion due to runoff, and also act as natural sponges absorbing excess flood water and enhancing the
infiltrating capacity of these wetlands, which are known as the kidneys of Kolkata city. NbS being a nature
flood mitigation measure not only protects the environment, but also aids in protecting the vulnerable
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communities and marginalized sections of the society by generating income and employment
opportunities. Besides these advantages, NbS also reduces the burden on the critical infrastructure by
reducing the intensity of flooding. NbS acts as a sink, infiltrating the sediments, pollutants and nutrients
carried by the flood watdihis research aims to promote corgpetcific naturbased solutions,

sustainable flood management in the area, and resilience by advocating for the restoration and
conservation of riparian zones in high flood areas of East Kolkata Wetlands.

2.8.1. Bioswales

Bioswales are public green spaces aiding in stormwater management by reducing runoff and subsequent
flooding. Bioswales are rraade naturbased solutions that gently slope sides filled with vegetation

such as grasses, shrubs, and(fFap8) The vegetation helps absorb and filter pollutants carried by
stormwater, improving water quality. The bioswales' porous soil and deep plant roots also facilitate water
infiltration, reducing the runoff volume and mitigating flood risks. The porous soil of the bioswales does
not allow water to stay stagnant for more than 24 hours, preventing risks-bbueetdiseases in the
surrounding aredBathak et al., 2022)

Bioswales have several benefits, including effectively managing stormwater, improving water quality
through natural filtration, and recharging groundwater. Bioswales also contribute to the aesthetic appeal of
the urban environment, enriching its biodiversity and providing habitat for wildlife. Bioswales can be
classified as Tyy¥eNaturebased solutions, which involve the participation of stakeholders, including the
local governmerfEggermont et al., 2015)

Bioswales represent a promising solution for sustainable urban flood mitigation, whéffideobst

and does not require high maintenance, except for watering the vegetation imsothenathen

rainfall is less than usual. Integratatgrebased solutions like bioswales in urban infrastructure can
significantly contribute to flood mitigation, water quality improvement, groumelgbetsge and create

resilient antlveablecities(Asare et al., 2023)
\' .3

o

urg@lankenship,2015)

Figure3 An examplef a bioswale. So
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2.8.2. Rain Gardens

Rain gardens are sustainable-{fedinstormwater management systems designed to edystomeand

filter runoff water from impervious surfaces like rooftops, roads, and sidewalks. Rain gardens are
characterised by shallow depressions with indigenous vegetation resistant to wet and dry conditions
(Zhang et al., 2020)

Rainwater is temporarily stored as it flows into the garden, allowing sedimentation and settling down of
pollutants, while the plants absorb the excess water and nutrients brought by théFmjrydieis

natural filtration process heipgprove water qualityeduce erosion, mitigate urlfiaoding,and

recharge groundwai@athak et al., 202Besides these benefits, rain gardens enhance biodiversity and
improve urban aesthetic beauty. Rain gardens are a mixturecoihspostand native soil, which helps
with water infiltration and prevents erogkig.5) Rain gardens effectively retain moisture and provide
organic material for the vegetation, immunising the soil's(Red@ttiGardens for Soil Health, n.d.;

Figured: An example of Rain garden. Sour¢gS EPA, 20 |
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Figureb Layout of a rain garden. Sou(s&iff2022)

2.8.3. Balcony Garden

Urbanflooding poses significant challenges in densely populated areas. Innovative solutions like balcony
gardens in areas dominated by-bpifireasan have an impact on reduction of urban floods. Tlzough

bit unusualthe concept of balcony gardens is promising insmallinterventions. While all traditional

flood mitigation techniques often focus on taogde infrastructure projects, balcony gardens are nature
based solutions complementing their bigger counterparts. Acting as mini green spaces in urban
environments, balcony gardens absorb rainwater directly, preventing them froasftowaf§and

overwhelming the drainage capacity. By incorporating penmatabédsin the vegetatiomalony

gardens facilitate infiltration into the aod retaimoisturgQin, 202Q)

Another strong benefit of the balcony gardens is community engagement and awareness. All communities
can jointly get involved in these flood resilience initiatives by creating and maintaining these gardens. This
fosters a sense of collective ownership and responsibility for dealing with the problenazfdingan f
Incorporating greenery also helps in regulating temperature in urban landscapes, and implementing
balcony gardens can contribute to green infrastructure development in urban landscapssiry harn

the potential of balcony gardens, it is possible to diversify urban flood mitigation (Retisake=t al.,

2022; Qin, 2020)

12
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Figure6: (Lef) Balcony Garden. Sour€eie,2023fRight Balcony BarreSource(Spargo,2017)

2.8.4. Rooftop Garden

Rooftop gardens, which have also been implemented as green roofs (dominated by grass) in the current
decade in many cities of the global north, are a sustainablbassdreolution for mitigating urban

floods. Rooftop gardens effectively absorb rainwater and help retain stormwater, reducing runoff volume
during heavy rainfall events. Natased interventions like rooftop gardens allow rainwater to infiltrate

into the soil, retarding the rate at which the rainwater enters the dralleviagsthe pressure on

drainage systems. Besides reducing the surface temperature of the buildings and the surrounding areas,
rooftop gardens also reduce the risk of flash f(6ds202Q)

The vegetation on the roofs acts as an interception for the rainwater, reducing the amount of water
reaching the ground and ending up being runoff. The integration of rooftop gardens in urban areas can
reduce the amount of water entering directly into the drainage system and improve the resilience of the
local area, reducing the impact of urban floods and mitigating them in the |@Patitekret al., 2022)

13
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Figure7: An example o ooftopgardenSorce(DubbeIing etal., n.d.)

2.8.5.  Street trees

Street trees also play a crucial role in urban flood mitigation by interception of rainwater and reducing
runoff. Street trees often compl emewasedogrey surf a
solutions help in enhancing soil permeability and act as natural sponges to infiltrate the accumulated
rainwater. The canopy of street trees helps intercept rainwater, minimizing surface runoff and erosion.
Additionally, their fareaching roots help improve soil structure and bind tt{Eatbibk et al., 2022)

The overall impact of street trees in urban flood mitigation is significant when integrated into planning
strategies for dealing with intense heat and heavy rainfall. However, the effectiveness of street trees greatly
varies depending on factors such as species selection, planting density and maintenance of the existing

street treeKumar et al., 2021)

14
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\\

Figure8: Example oftreet treess seen in the fiel8ource: Authp2024

2.8.6. Community Garden

Community gardens are effective nabased solutiorthat absorb excess rainwater and rednodf.

The cultivation of vegetation such as trees, shrubs, and grass in the community gardens enhances the
permeability of the soil, allowing infiltration and preventing the accumulation of water on impermeable
surfaces. Increased vegetation in the gardens intercepts stormwater and reduces the water flow into the
drainage systerfRathak et al., 2022)

This typeof naturebased solution alsids in carbon sequestration and impresiéguality, facilitating
groundwaterechargeBesides their implications in urban flood mitigation, community gardens promote
selfhelp urbanism and encourage community participation in maintaining these common plantations,
reducing the burden on the government to execute flood mitigation s@aiexaell et al., 2019)
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2.8.7.  Rainwater harvesting

Rainwater harvestipgofoundly impactshe alleviation of pressure from the drainage systems during
heavy rainfall. It is an easymplement and economical solution that can vary from sntatbescale
rainwater harvesting projects. Varying from an individual household to community rainwater harvesting
projects, this natigased solution is-atlund for using rainwater for potable and-potable purposes
(Campisano et al., 2017)

Rainwater harvesting systems can collect rainwater from rooftops, pavements, and other surfaces,
diverting it to storage tantksunderground reservoirs for future use of recharging groundwater by
infiltration. The augmented use of rainwater foqpodable uses such as irrigation, reduced use of
municipal water, lower dependence on groundwater, etc, can save gallons of water from draining out as
runoff. This harvesting of rainwater has the highest potential to mitigate urbgArosdst al., 2021,
Campisano et al., 2017; Dhoble, 2006)
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FigurelQ Example of aainwateharvestingystemSource(Gupta et al., 2015)

2.8.8 Porous Pavement

Porous Pavements are integral components -afhloact development strategies for urban areas. These
costeffective measures prevent complete concretisation and impervious development of urban sidewalks
parking spaces and common areas used by pedestrians. This also applies to areas in front of offices or
residential buildings, often characterized by fully paved coRg#ndk et al., 2022)

Porous pavements allow water to infiltrate through the surface into underlying layers and decrease runoff
volume during heavy rainfall. Porous pavements can be an effective solution for preventing urban pluvial
flooding/ water logging in urban areas. Furthermore, porous pavements also contribute to sustainable
stormwater management, aligning with ndased solutions for urban flood mitigation and resilience

(Asare, 2021)
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7

2

Figurell Exanple of aProus paveent. Sour@#ikipedia,2024)

2.8.9 Percolation Pits
Percolation pits are very simple and efficient interventions to collect rainwater and facilitate groundwater
recharge. Percolation pits are trenches dug in the ground, not larger than 60 x 60 cm, covered by an iron
cover or a concrete slab. They are easy to maintain and must occasionally be filled with river sand and
pebbles. Small green spaces can easily accommodate many of these pits, significantly contributing to
infiltration and reducing urban flood{izthoble , 2006)

Perforations

i -

E al —*10% -Open

E 15% -Coarse Sand
g 25% -20mm Metal
3

% 50% -40mm Metal
§

E

x

H

Figurel2 Percolation Pit. Sour¢8wany,2019)

2.9. Relation between different NbS measures

The different NbS measures mentioned in this chapter can begesieer to mitigate urban floods in
eastolkata.
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Figurel2 Interconnectivity between different NbS InterventiBoarce: Autho(2024

Fig.13shows the interconnectivity between different NbS interveaoltitaised from literatuf@mos et

al., 2020; Andrikopoulou, 2020; Campisano et al., 2017; Daniere et al., 2022; Dhoble, 2006; Pathak et al.
2022) A porous pavement, bioswale, @i gardecan aid in rainwater harvesting, besides infiltration.
Rainwater can also be harveBtd balcony gardens and rooftops. The harvested rainwater can then be
used for the maintenance of the greens. Excess water will flow into percolation pigdisgredn

natural water bodies, which directly contribute to the water slowly finding its way to the natural green
spaces and wetlands, ensuring a healthy ecosystem and biodiversity. Implementing a combination of Nb¢
interventions can make the infrastructure significantbustlinable and be an economical and feasible
choice for the committees or governing bodies.

2.10.  The Concept of Spatial Planning

Spatial planning involves systematically organising and allocating land, infrastructure, and resources with
a geographical area to achieve specific goals and address various societal needs §@ducipddhges

2016) According tdran & NedoviBudic (2016)spatial planning encompasses the coordination of

different demands and interests on land, considering factors such as economic development,
environmental conservation, social equity and disaster risk ré@uefiong & Fleischhauer, 2006)

The goals of spatial planning are to maximize the use of available space, encourage sustainable
development, and strengthen community resilience to various hazards, such @afho&dieyiovic

Budic, 2016)o direct land use decisions, infrastructure development, and urban growth in a coherent
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and sustainable manner, policies, regulations, and strategies must be(tiovedopeal., 2010Tities

can improve their flood resistance and lessen the adverse effects of inundation events by combining
spatial planning and flood risk management. When it comes to spatial planning in the context of the global
south countries, the plans are highly influenced by the spatial plans incorporated in the global north,
specifically the European and North American coufsese et al., 2023; Eggermont et al., .2015)

2.11. Integration of NbS with spatial planning

Spatial planning is a rational and systematic approach to guiding public and private actions in urban areas.
These plans have an influence on future outcomes, and they are accountable for alternative solutions to
the problems that res@Ran & NedoviBudic, 2016)Reckless urban expansion has seriously impacted

the valuable ecological services, which are the biggest environmental assets of thegaaegings. In

and governance, flooding isoanmon problem encountered by almost every Indian coaghMitcityg

Banerji, 2018)

Several practical obstacles impede the application of modern flood mitigation techniques, like nature
based solutions. One of the prime reasons for this is the insufficiency of dialogue between the different
governing bodies. In most hierarchical governments, governing bodies are unaware of the initiatives taken
by the other departments or the local governments. Inadequate communication and population pressure
in urban areas result in the construction of impervious structures that cover natural water bodies or
wetlands, disrupting the hydrological equilibrium of thérakssst Kolkatathe spatial planning

structure i€haracterizeby a decentralizeshd autonomous mechanidrhis involves multiple

governing bodies, each with specific rolesse governing bodies are the Nabadiganta Industrial
TownshipAuthority NDITA), the New Town Kolkata Development AuthoritfKDA), the West

Bengal Housing Infrastructure Developr#anhority (WBHIDCO), and the Bidhannagar Municipality.
NDITA overses industrial townships in Salt Lake City, ensuring inftastrdevelopment aadvic

amenities, including drinking water. NKIDgks after the development of New Tofecusing ortand
acquisition and essential services. WBHIDCQOdsatiek housing and infrastructure projects in the entire
East Kolkatawhile Bidhannagar Municipality ensures urban development in Salt Lake aligns with the
overarchingproader metropolitan stratedi@eyBasu et al., 2020Fhe developmermf impervious

surface in the past decad=sinot be undorendhassevere consequences like waterlogging and land
subsidence. lllegal encroachment into the wetlands and other natural areas is also sometimes unmonitored,
leading to shrinkage and depletion of valuable natural re0hateaborty & Banerji, 2016; Mitra &

Banerji, 2016)

While decentralization allows tailored solutions at a lotahkVastedecisiormaking, the lack of

dialogue between these bodies hareffergive urban flood management, which is a common problem

for all urban clusterseveraginghe common roles of the governing bodiesraedratinghaturebased
solutionswith spatial plans, which will be flexible and multifunctional considering the local variabilities of
urban environments, the problem of urban flooding can be mitigated, or theanipslergely reduced
(Quagliolo et al., 2023; Ran & Ned®udic, 2016)

2.12. Urban Flood Management in the East Kolkata Wetlands

The East Kolkata Wetlands (EKW) play a crucial role in urban flood management through their natural
ecosystem services. Acting as a natural sponge, absorbing excess rainfall runoff and mitigating urban
floods by regulating water flow, the wetlands have saved the city of Kolkata since its origination. Besides
carbon sequestration, the EKW also acts as a flood buffer, storing excess rainwater during extreme rainfall
events. The wetlands are managed and governed by stringent regulations ensuring dmegrgaiacti

urban sprawl and degradation. The local government has taken many engineering initiatives to control
urban floods in the adjacent areas of Salt Lake and Rajarhat Newtown by increasing the capacity of the old
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pumping stations and making new pumping stations with enhanced te¢hiitotogyBanerji, 2016)

The engineering initiatives also include occasional dredging of the canals and waterbodies and making
concrete embankments around the canals, to prevent inundation. The canals and clogged drains are the
major causes of urban floods in these areas with heavy( fidinfhierjiee et al., 2019)

2.13. Conceptual Framework

The major concepts dealt with in this research are described in the previous sections (introduction and
literature review). The conceptual framegkL4)illustrates the relationship between the different
concepts and NbS. It also consists of the fasations about why, where, what and how
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3. RESEARCH DESIGN AND METHODS

This chapteelaborate onthe research design and the methodology that has been followed to achieve the
resultpertaining to the research questiafter describing the locational setting of the study areas, this
chapter delved deep into the research design, followedrmthbdology. Theubsections below have

also covered the data sources and the type of datarukedlifferent analyses

3.1. Study Area

Kol katabs urban expansion has significantly i myp
and one of the worl doés | a(Clpkaborty et al.t 202Bjete wetlendsa g e t
are situated on the eastern edge of Kolkata. They reach the juticédidgbdhari and Matla rivers,

acting as a basin that absorbs contaminants draining into it from the whole city. The east Kolkata wetland
are a protected area with a stretch of 12&rdrprovide land for agriculture, sevwieddisheries (for

recycling sewage water), horticulture, and aquag@Jibadal et al., 2022d)he existence of the east

Kolkata wetlands is being threatened by land encroachment for residential and commercial buildings as
well as agriculture and aquaculture activities due to the expansion of Kolkata's metropolitan area.
Uncontrolled urban expansion inversely affects the natural capacity of the wetlands to filter and recycle
wastewater. This hinders the smooth flow of wastewater to thefeeMimtperies and eventually

hampers the lifestyle and occupation patterns of the local inh@kadeta & Sen, 20218dding to

this problem, the southern part of Bengal has also been experiencing severe tropical cyclones in recent
years, increasing the vulnerability of the area and making it more susceptible to urban flooding
(NCRMP,2023).

The conversion in the land surface has significantly impacted the free flow of water and the natural
infiltration of groundwater into the soil. The reckless runoff of rainwater is the major cause of pluvial
urban flooding, affecting the Central Business District (CBD), Special Economic Zone (SEZ), and the IT
Hub of Kolkata city which are located adjacent to the east Kolkata wetlands. The primary satellite cities of
Kolkata viz. Salt Lake and Newtown are situated next to the East Kolkata wetlandsirtelkaity's

has more than 4.5 million residents, generating 1.1 milbbmastewater channelled towards the east
Kolkata wetlands without treating it in the sewage treatment plants (STP). This water is recycled up to 5
by the ponds in the wetland ecosygimting et al., 2010Jhis flow of wastewater and the water level

of the ponds in the east Kolkata wetlands are controlled by gates that regulate the flow and hold back
water during the monsoons in order to prevent inundation in the area. The existing technical flood
mitigation measures comprise seasonal dredging of the canals and other water bodies, making high
embankments around the lakes and canals, and pumping out water by installing pumps out of the urban
areas. These measures have not been highly successful in bapmgnvan floods caused by the

recent problem of frequent tropical cyclones and expamsionGhosh & Das, 2020; Mondal et al.,

2017) Hence, there is a need to introduce measures that can synergically work with the existing measure:
for impact reduction and mitigation of the problem
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Figurel4: Map showing the location of the study area. Source: A2,

Located between 22 E25 h N to 22 E40 h N and 88 E
thriving wetland ecosystem spread across B225kihh e East Kol kata wetl ands ar
of Kol katad due to their i mmense p(ddndaretai,al to f il
2022) [Aw](Sahana et al., 2022, p.1B#&)ng situated on the lower deltaic plain ditteghly River, the

region has a maritime influgneeperiencing precipitation up to 2000ameh a temperature ranging from

1042 C. Due to an increased frequency of tropical cyclone occurrences, the study area has witnessed

urban floods almost on an annual basis in the present decade, which hampers the smooth mobility of

goods and servic@shosh, 2023J-or this researcthe extent of the study area selected is 132.13 sq.km.,

which consists of the major fragment of the East Kolkata Wetlands, along with the two cities of Salt Lake,

New Town and parts of Rajarhat, whose origin traces back to low lying wetlemidy most affected

by urban expansigBhattacharya, 2021, 2023; Mondal et al., 201@&p showing the locations of the

three major urban are&ajanat,Salt Lake and New Tows provided below (Fif).
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Figurel5 The location of Rajarhat, Salt Lake, and New Tawithia the study areSource: Authq2024

The study areaiistersected by ffierent administrative boundariedichcomprise boundias of the
Airports Authority of IndigAAl), The Bidhannagar Municipal Boundary anddhedaries of the North
and South 24 Parganaspectivelyl o reduce the compleyithe area of interest has been chosen for
this studypy aggregatinge municipal boundary of Bidhannagar Municigatitythe boundary of north
24 Parganas

3.2. Research design and approach

The research is intendedrteestigate the relationship between urban expansi@hrinkage of the east
Kolkata wetlands and suggest NbS measures to prevent urban flooding in the areinuaerséalisy
surface development casestudyapproachhasbeenemployedn this researdim examine the specific
challenges of urban flooding in the study @hesmresearch blends spatial, qualitative, and quantitative
data to providen understanding of the efficacy and applicability of NbS in addressing urban floods.
Spatial multicriteria analysis (SMCA) has been conducigehtifysuitable locations for implementing
NDbS interventions, integrating various factors systyssal featureand scio-economic and

ownership characteristicBiverse data collection methods have been employed, encompassing field
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Figurel6 Methodological flowchart of the research. Source: AR@y

3.3. DataSources

Primary and secondary data sources were contbawdmplish the research objectiPesnary data

collection involved conducting surveys andsteadtured interviews to gather firsthand insights from
respondents in the field. This paitydata acquisith enabled the direct capture of relevant information
pertinent t oontnbeestarsdingitite ympact of udbanwespansion on the wetland ecosystem
and the reasons behind urban floadlitng secondary data sources included satellite imageries fr

Landsat spanning the period from 2001 to,20#&ined from USGEarth ExplorerRainfall data was

sourced to provide a meteorological context, while a Shuttle Radar Topography Mission (SRTM) image of
the study area was utilizedjenerata digital elevation model (DEM) and a slope map. By integrating

both primary and secondary data sets, the research has a comprehensive approach, combining firsthand
observations with existing information to offer a nuanced understanding of the researtietopic.

primary data complements the secondary data by validating the resw@tsabfsiee with the facts

obtained from the fieléor instance, tHecations of flood areas obtained from the questionnaires and
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interviews were geotaggedthe SMCA map to validate thdihnis methodological blend faciéts
analysis, enabling the exploration of multifaceted aspects and supporting informed cémclusions.
overview othedata is provided in Table 1.
Tablel: Data used for thesearch

Data Ty Data |[Year Data Sourc|/PurposRational e
For ma
Landsat|Raste202D21 |USGS Earth/LandLasdécover ¢
RainfallRaste202D21 |Centre for{Making RaPnétalp)p
Hydr omet eojpattern anal ysi
Remote Sen
https:// ch
i . edu/
SRTM Raste202D21 |USGS EamptioTo i dfelnegpadd yge ar
on their wundul a
DEM and usiagsl
map asndan i BMCA.
FI ood text 202021 |Annual Flsq|To gain i maii qiftsg
managen Rainfall Slpatterns and pa
Documen I ndi a, Wes
State Disa
I ndi a Mete
Depart ment
rainfal/l a
Reports an
Newspaper
ExistinText After 2Sci elntterfatci Scopus, web of
knowl ed
Budulpt Raste2020 Gl obal Humindi cator for SN
Sur face Settl ement
Proxi mi|Vecto2023 Open Stree|lndicator for SN\
surface
waterbo
Land CoRaste202D21|Landsat | ml ndi fc@tMECrA
Ma p
DEM Raste202D21 |SRTM Data |l ndifcantr o$ MCA
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recordi dr awbac kSu g e sNtb

approgpreathpeci
interventions.
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3.4. Data Collection

Primary data used in the study wetiected from the field using two data collection methadely,
the general questionnaire and the-seogtured interview$he secondary data used in the study along
with their formatsindrespective sources, have lrepresenteith Table 1.

3.4.1. General Questionnaire

The general questionnaire used to gather data from the local residents consisted @limeestibns
gathering relevant information related to the people's experiences, perceptions, andganmiegns

urban flooding and natubased solutions. The major components of the questionnaire were the
demographic information (age groups) and aggregate locations. Enquiries about past experiences of
waterlogging and the inundation sources were included as counterparts of the previdtaileadtign.

this, the perceptions of the residents regarding NbS were analyzed with queries regarding their awareness,
attitudes and opinions regarding the effectiveness, feasibility and acceptability of NbS for urban flood
mitigation. There wempenrendedjuestions to solicit further iddasNbS interventions. Lastly, the
guestionnaire comprised feedback about the survey and recommdadatipnsvement. The
guestionnaire can be foundiinnexe.3.02 local inhabitants took part in the survey and provided
valuable information about the study area.

3.4.2.  SemiStructured interviews

The sembtructured interviews targeted key informants, including government officers, planners,
researchers apalicymakersto gather wlepth insights and technical expertise related to urban flooding
and NbS implementation.

The opening questions of the ssmictured interview were designed to establish rapport and familiarity
with the interviewee, explaining the purpose and confidentiality of the interview. The subsequent
guestions delved into the professional background, knowledge, experience and expertise with NbS and
flood mitigation. The second section of the interview dealt explicitly with the inquiries regarding the
current NbS projects, challenges and successes. Fsteusdunied interview also opened up an arena for
feedback and suggestions from field experts. A total of six key informants were identified for the detailed
semistructured intervieiHoweverresponses were obtained from four. The details of the-4 semi
structured interviews have been provid@alote 2Due to time and availability, the other two

interviewees could not appear for offline/online interview sesE@siterviewees were contacted by
emailwith details about the reseattiereason for the interviews, ethaspectsandtheduration of the
interviewscomplemented by a fieldwork cover letter provided by Faculty ITC. Based on the convenience
and availability of tHesy informantsthe meetings were conducted online (in MS Teams Work and
School)Increasing the comprehensiveness of the research and gathering sensible degautdtarsemi
interviewwasa great tool for primary data acquisition and analysis. The script of-Heistmed

interview can be found Annex3.

Table2: Information about the Institutions of the Key informants and the dates of interviews

Il ntervlinstitution Number of |Dat e

No . Il ntervi ewe

1 Bl ock Devel opment (1 l1eMar ch 2
Lake)

2 ERM Environment al 1 l17Mar ch £

3 East Kol kata Wetl anil 29dMar ch 72

4 Presidency Universill 0O6Mar ch Z
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3.4.3. Sampling technique

In this studya pusposive samplingchnig eh@s been usedurposive sampling involves selecting

individuals or groups based on specific characteristics relevant to the research objectives, goals and

context(Creswell, 2009 this case, the stakeholders were chosen basenl expthdise, involvement

in flood mitigation activities, and geographical location within thedeéiWain information about

urban floods and discusbS interventiond he stakeholdsrarehosewho haveavested interest in the

decisiormaking process or are impacted by the outcomesdfdis@ns and policies. Hertbe key

informants and the local inhabitants are considered stakeholders in Tiis casaple size was

adequate to give the collected data signifieptitand richnesgCampbell et al., 2020; Valerio et al.,

2016) According to study materials and literature, a samplefficientlylarge to reach saturation

occurs when more data collection does not yield new findings or underg@retingdl, 2009; Valerio

et al., 2016 here is no universally recognized formula for determining the ideal sample size in purposive

sampling. For this thesighich has a limited time, the stakeholders have been classified into groups:

1)The key informants (the govgolnimeynmakhdrf shaers ,
a | evel of technical expertisanhdkraw! pdge i a
reliable information that wil!/ enrich the d
2)The setcaokahol tbe geeupdenss of the study ar e:

the floods. The inputs gathered fraomé&l® of
of 1500000=15000) is not a feasidakce,chobBaap:
siwieahdi ver sadhmntespaohsebias has been undert ak

When a certain level of saturation in the data was reached, the survey wastamabtzedtion of the
survey datwvas estimated by analysing the answers to certain questions present in the general
guestionnaire, like the source(s) of inundation, ownership of ptgpesyf Nbs interventions (existing
and suggested), €lbe collection foresponses throudhe survey was stoppetien not many new
responses were obtained, and thergetrend of responses was clgaese distinct groups of
stakehtiers were addressed using two distinct kinds of data collection nogtbstotsnairend semi
structured interviews. Thiudy area residents participated in the former, and the stakeholders with
technical understanding participated in the.latierstakeholders were classified based on their
importancandinfluence using the stakeholder classification ifizdexboom, 2023yovided below.
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STAKEHOLDER CLASSIFICATION MATRIX
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Figurel?. Stakeholder Classification Maiaurce: Author, (2024)

3.5. Data Analysis Tools

This sectiomleals with thenethodology applied to answering the different research quéstiacisieve

this goal, both primary and secondaryats#taned from the field hagemplemented each oth€he

Satellite images for the three years (2001,2010 and 2021) were obtained from USGS Earth Explorer. The
month ofthe acquisition was kept the same fénrale images to avoid biased resfiist this, a land

use/ land cover analysis was performed for the study. @érivdtep was subsequently complemented

by a change detection to quantify the area covered impbreljetation and other distinct land cover
classed heprocess ends with visualising the flaffelcted areas (obtained from the SMCA) and

landcover change map and derivivigal comparisdretween the twd@he SMCA map was shown to

the key informants, aiding in primary data collection. Appropriate NbS interventions were suggested based
on thefield data andutcomes from the literature

The data analysis for the present study has been done using various methods and diverse tools. Methods
of analysis differed based on the objectives and theifladn®ICA was also used as a data analysis tool

to aidin the identification of suitable areas for Mig8ementatiorThisresearch stages followed by

the second objective, which delved adeeper layer to explore suitable NbS measures and the

appropriate locations thattfie sameSuggestions based onfibwork outcomeand relevant

literature have been providéte table provided beldWable3) showshe research matrix.

Table3: Research Matrix

Research QuMethodol|Data requiSoftware/f

Subbjective 1: rTel dteitemrahine kdeiteween ur.bar
Howntdowwh ®&®txt enLand covdLandsat i mArc GI S Pr
h atshheaadv er anal ysis |2021) 10. 7, ENVI

( e x p oostua ko)l k

| mage
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Wet | ahdagighrelde| Cl assi)f i @
| atswabe ¢ a 2e0s0 1
2021) 72

Il s there a Overlay ALand cover|Arc GI S Pr
bet ween urbjof Land (DEM, and r|10. 7

(i mpervious|Maps and maps
devel opment|Maps
change in s
shrinkaege am
and urban f

What is the|lRepresentRainfall d{Arc GI S Pr
flood event|maj or raiData for D
2021 (Hazar|cyclone ¢gDisaster r
B
R

pattdédmeasriover the|the West

Observed by|decades. |Disaster
aut horities ( WBDRP)
in the info

system) (re
question fr
qguestions)

Subbjective 2: To explore the suitabl e Nb:

physical <characteristics.
Whi ch areas |[Spatial nDEM, water|Arc GI S Pr
NbS measureslicriterialland cover|10.7. Q GI
toheir physi results, b
characteri st popul ati on

vegetati on

What draendt hgLand use |[Building t|Arc GI S Pr
ownership c¢h Googl e Ear
of the targe
identify the

NbS)

According toOverlay 8daSMCA and L|Arc GI S Pr
what are the an aloyusticso me

measures t ha

has?

Which of theLiteraturqSMCA and R

measures s ha |l iterature
appropriate

areas to red

of wurban flo

Su-bbj ective 3: To invappligaalki Itihtty elxy emd i n
approach.

Wh at ar e theDocument‘Master Pl alAt |l as. ti
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measures (if mitigation
the master p mitigation
Who are the [DesigningParticipat|Excel
providers? Stakehol ddeci sion f
classifidqstakehol de
matri X
What is the |QualitatiPrimary Da|Microsoft

a
the stakehol ti
governing bo

the integrat
existing spa
(perceived b
drawbacks) ?

How to measuOnline Anal ysis o|Microsoft
owner shipbaosffQuesti onncitizenos Atl as. ti,
solutions (pSurvey anwell as th|{Survey res
stakehol der sfQualitatiDiscussion|/Audi o reco
citizensod neby integr

assessmer
Su-bbj ectTioveasds:ess the effectiveness, feasi b

mitigation in the EKW region.

Howset akehol (Survey arnAnalysis o|Survey res

per cteheef € ectijqual i tatijcitizenos Audi o reco
anfdeasiobi |l it|{byntegrajwell a t
i mpl emdmBmngassessmenDi scussi on

f | epordoanree a s

consiseei og

econédmicte or s 9

What are the teraturLiterature|{Relevant |
environmentasurvey arnanalysis o|Survey res
benefits andqualitatiresponses Audi o reco
i mpl ementinghb i ntegrinterviews

Kol kata, andassessmerntranscript

compare to ¢

fl ood manage

strategi es?

What are theSurvey anAnalysis o|Survey res
influencing |qualitaticitizenods Audi o rec
and acceptanby integrwell a

among stakehassessmenDi scussi

context of wu

management ?

How can the |[Survey arnAnalysis o|Survey res
stakehol dersjgualitatijcitizenos Audi o rec
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i nt o dreackiisnigooby i ntegrwell as th
processes togassessmernDiscussion
effectivenes
acceptance o
i mpl ement at i

3.5.1. Subobjective 1To determine theelationship between urban expansion and urban flooding.
To find solutions to the first objective, a land use/ land cover aaalysidandcover change detection
on a decadal interval were done duhegtudy period.

3.5.1.1. Land use /Land cover Analysis

Theland use/land cover classification d@se using Landsat 5 images foydas 2001 and 2011 and
Landsat 8 imagés 2021 Landsat satellites are widely fmemote sensing in academic fields due to
their longterm multispectral imagery acquisition capabllitg images are open sowae downloaded
from the UnitedStates Geologicalirveg Barth Explorer portgdlJSGS). The choice of Landsat 5
images for 2001 a2@11 and.andsaB images for 2021 was made becauke ddiration of these
missions. Lands&imission wakunched in 198nd ended in 2013, provigan image for 20Gind

2011 whichareimportant yeain the study period. Landsat 8 missians started in 2013 and continues
to date, from which the images for 2021 were ac@uUiB€zS,2024T he details about specific bands and
theirwavelength and resolutioave been provided in Tabdeand 5Table6 provides insightsto the
dates of image acquisition and the number of bands used in the land use/land cover analyses.
Table4: Landsat 5 Thematic Mapper TM Spectral Band Characteristics

Band Band Name Wavel ength|Spatial RKm
Band 1 Bl ue 0.@552 30
Band 2 Green 0.6260 30
Band 3 Red 0.63609 30
Band 4 Near I nfra|0.-0690 30
Band 5 Shortwave 1.-5575 30
( SWI R1)
Band 6 Ther mal 10:1420 50 120 (resam
Band 7 Shortwave 2.-P835 30
(SWIR 2)

Table5: Landsat 8 OL-TRS Spectral Band Characteristics

Band Band Name Wavel ength|[Spatial Rm
Band 1 Coast al Ae|0.-@345 30
Band 2 Bl ue 0.-@a551 30
Band 3 Gr een 0.6359 30
Band 4 Red 0.6467 30
Band 5 Near I nfra|0.-8588 30
Band 6 Short wave 1.-5765 30
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(SWI R1)

Band 7 Short wave 2.-21209 30
(SWI R 2)

Table6: Image Details

Date offPath/rgSatellijSensor |Spatial{Tot al n
Acqui si resolutjof Band

13/ 02/ 2138/ 044LandsatThemati|30 7
Mapper

09/ 02/ 2138/ 044Laneédsat/Oper at
Land |
(OoL1)
Ther ma
I nfrar
(RS)

30 11

o — v 3 T

13/ 2/ 20138/ 044LanedBsat|Operati|30 11
Land I n
(OLI) a4
Ther mal
I nfrare

(TIRS)

Two image classification techniques were used to classify the images of 2001 and 2011, 2021 respectively.
The processes are Maximum Likelihood and Support Vector Machine (SVM) clasHifigaiomess

started with image processing, follolyettaining data selection using the traditional parametric
techniqueEach class was represented by a statistically significant number of trainingitteanples

normal distributioof the number ofrainingsamples representing each class being Simiarsure

statistical significance, the chosen samples were checked if teegugére cover the vaibty within

each clasand avoiddbiasesThe parametrimethod of image classification was employed in this case
due to its simplicity, effectiveness and efficiBacgmetric models, being more robust to noise and
outliers compared to more complex models, are commonly used in Image clad3#itatibet al.,
2014)Finally supervised Maximum Likelihood Image Classification (MLSOpportVector Machine
(SVM)were used on the three images based on the different accuracies provided in the final outcomes
These methods were employed to delineate Landcover categories based on spectraésigthtures

from Landsat Image(iResearghestioh. a).

3.5.1.1.1Methodof Classificatiomnd their significance in this study

Maximum Like lihood Classification

The maximum Likelihood Classification methodpreésbility models and statistical techniques to

classify images based on the likelihood of the observed data assuming a Gaussian distribution of classes. It
calculates the probability of a pixel belonging to each class. Maximum Likelihood classification is a widely
used classification and is typically used forspaltiral data with known statistical prop&EieR|

2023. In this study, the 20@&ndsat 5 imageas classified using this methodgaw the highest

accuracy compared to other meth@dsen applied to the images for 2011 and 2021, the same method
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did not give high accuracy and consisted of many misclassifiéteanegsuniform method could not
be employetb classifall the images.

Support Vector Machine

Support Vector Machine (SVM) is an approach suitable for classification based on the Likelihood of
observed data. Unlike Maximum Likelihood classification, this technique uses a hyperplane to separate
classes in feature spawaximisinghe margin between them. This classification method is useful for
classification tasks where classes are not normally distributed or when class separation is complex
(ESR12024) In this case, the second reason stood valid and yielded more accuriietresybars

2011 and 20Zompared to the Maximum Likelihood Classificaliompared to Maximum Likelihood
Classification, SVM is computationally less extensive and minimizes the number of misclassifications
(Deilmai et al., 2014jowever, when applied to 2001, to engnifermity, the accuracy was lower due

to theless distinguishable distribution of clasfstbe multispectral image of Landsat 5.

Through these steps, thend uskland coveclassification facilitatéte change detectiofthe study

area over the study period of twenty years-@Z¥ The Limitations leading to the low accuracy of the
Land use/ Landcover map 2001 have been elaborately discussgidandas (Sectidn ). Theland
use/land cover maps for each year have been provided in the results section tomppredensive

and comparative insight into each map with progressinghermnfusion matrishowing the accuracy,
kappa value, errors of omissiandthe commission has been providefirimexd.

3.5.1.2. Land Usellandcover Change Detection

Thelanduselandcover maps were further developed to separate change detecfromnoasitifying

the percentage area covered by different |laftehdsevertypes. This step was done in ArcGIS Pro

using the Change detection wizard, where the individual classified raster layertaidenad the land

cover change maps were obtainedciihege detection processployed in this studydategorical

change detection, which computes a-pisel change between two thematic maps (ARIZS. In this

process, 2001 was taken as the base year, on which the 2011 LULC map was overlaid, and subsequentl
2011 was taken as the base year for analysing the landcover change for 202 1clangeydbeection
process, the class configuration was set to 06clt
average, ensuringmooth transition of colours between the different cksdagoiding sharp colour
contrastsNo smoothing of the neighbourhood was applied to the existing extent because of the
reasonable spatial extent of the study area. This is how the Land use/Land cover change for the entire
timeframe was calculated. The output was derivedagsaand the quantitative change was obtained in

the attribute table, with the details of the classéseaarka of changesquare metrédefault), which

was later converted to Hectares. The different Landcover changaveba@sn provided in the results

section with interpretatio(Reseah questibra).

3.5.1.3. Flood event mapping

The major flood events between the years 2001 and 2021 were obtained from government records, annu
flood reports, relevaliteratureand newspaper articl@fie names of the areas affected by floods in the
periodof study were obtained from public records and newspaper gRbsezsch questigprmhese

points were located using Google EarthPPexmes such &alt Lak&ect or | and V, New
Areal, Rajarhéts Hat i ar a a ramd sdine plates nearRhe Kdstoparresalidentified
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Jocig Earth \ > !
0P e n— N 5km
Figurel8 Locations geotagged by years of water logging according to public records and news archives

Therelatonshipbetween the distinct yabselyinterrelated processes of urban expansion, raihfaibe

in slope and the shrinkage of wetlands and their causal connection to urban flooding has been established
by overlaying the flood map derived by the SMCA and interpreting it based on all the distinct indicators
and the government records of major flood eyRetsearch questipri-urther elaboration of these

processes has bg@ovidedn the next chapteRésulksAn attempt has been made to analyze the annual
rainfall(in mm) for the study period andtethe major events which witnessed high precipitation in 24

hours.

Rainfall in (mm)
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2061 2112

1926 1856 1257,7 \
1837
Q 1809
y 1750 1765 1750 8% 1750 1763 g 1750 I r.
p_ 1650 7O 1650 0y —0—0 0
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1769
o 0. 1656
1562 -
1500
240
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-
o
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YEARS

Figurel9 Annual Rainfall (in mm) from 262021. Source: IMD
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Figure20. Peak precipitatiom(mm) from 2002021. Source: IMD

Table 7, with the summary of annual rainfall and major flood basrtisen provided (India

Meteorological Department). It is also noteworthy that although Salt Lake and Newtown are quite
susceptible to flooding, public records and newspapers do not explicitly mention them in their published
records. Hence, the years providedémap ofwaterlogging recordgsig.39 are slightldifferent from

the above grapliigures 20 and 21)

Table7: Years, annual rainfall, peak (24 hours) and dates. Source: Annual Flood Ref2024 \2Raihfall
Statistics of India (IMD) (20:2021)

Year Rainfall in (mm) In a Day Peak Date
2001 1837 270 18th Semmber
2002 1750 -- 20th Semmber
2003 1650 -- --

2004 1703 - -

2005 1765 944 26th July
2006 1926 218.44 22nd Se@mber
2007 1650 174.4 25th Semmber
2008 1750 142 Sepember
2009 1800 -- August
2010 1750 - -

2011 1763 154.9 18th June
2012 1856 -- --

2013 1750 105 25th Ocbber
2014 1241 -- --

2015 1809 143.7 10th July
2016 1857 132 6th Seember
2017 2061 -- --

2018 1562 - -

2019 1769 - -

2020 1656 236 20" May
2021 2112 -- --
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3.5.2. Subobjedive-2 To explore the suitable NbS measures for the target areas based on thayswzb

characteristics.

3.5.2.1. Spatial MuHgtriteria Analysis

This research undertook a spatial roritéria analysés a preliminary step before the fieldwork. The aim
of this method was to create a spatial indewosed of multiple indicatdos mapping urban areas
susceptible to flooding in the study area. This step was informed by a detailed literature review on the
structuring of the research problem seldcting set of relevant indicators. After the selection, individual
maps for each indicator were produced. The value of each indicator was expressed &tw22n 0
highlights the SMCA conceptGIS environments Ri kal ovi ¢ A & Coci L |,

Input
(Geographical data)

Output

Economic data

/ Social data ;
/ Technical data

Figure21l: A demonstration oBpatial Multcriteria Analysis. SourRé:k al ovi ¢ A & Coci L

The Individual indicator maps were derived from the remotely sensed data obtained from various sources.

The SMCA workflow provided iig23shows the different indicators used for the SMCA analysis and
the maps obtained therefrom.
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Figure22 SMCA Workflow. Source: Auth(2024)

3.5.2.2. Data classification, reclassification and standardization

The data in all the maps were classified using the quantile method. All the maps have five classes rangin
from high to low. This method has been used to ensure that there are no empty classes or classes with
huge differences in values. The magstailored to be compatibiath the overlay by reclassification.

This process was initiated to convert all raster valuggegerdefore carrying out ttetandardization

The stedollowedafterreclassificatiowas standardizatidm thisstudy each indicator was categorized

either into cost or benefit. Thest or benefit was determiriated on theariable's influen@as urban

flooding. The list of indicators, classification (cost/beraii) rationale apeovided in a detailed table

in Annee 1 As represented below, different calculations were done for costs and benefits using the
formulas foithe standardization meth@Blacke, 2023, p.6)
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Cost Criterion
. YoE 1€ 0 NN T Q
© P DT YHE I E 0 NGE T Q

Benefit Criterion
"YOE T O ONGET Q
OUD I "Bwe 1 X L Nt T Q

&

SourcElacke Johannes, 2023, p.6.

3.5.2.3. Weighted Sum

The weighted sum method constitutes a fundamental technique within spatial analysis and modelling,
renowned for its function of overlaying various spatial predictor maps and their associated classes. This
method, as expoundedKgyadibi & Aydal (201®8ntails the allocation of weights to each spatial

predictor map and combining them by weighted summation. This culminates the generation of
comprehensive weighted predictor maps. In this research, weighted sum technique was deployed for the
purpose of making an urban flood map, indicative of its versatility acrescatedtispatial

analys€sRi kal ovi ¢ A Foflowi@gacstaridardizationZofbdeds )iedatatoreceived

uniform weight, thereby ensuring equal representation in the model. The adoption of Arc&i8htools

as weighted suracilitated the seamless execution of the weighted sumitaiooncept of weighted
summation, when the cell values are multtpfitrgbir weight factor, is representeBim24below.

22| 22| 33 24| 24| 3.0
22 11| 141 — 19| 16| 11
11| 22 | 22 13| 24 (1.9

InRasl InRas2 QutRas
(Weight = 0.75) (Weight = 0.25)

Figure23 lllustration of weighted sum. Sou(E&SRI,202)

3.5.3.1 Idertifying areas fit for NbS interventions

The areas fit for Nbs interventions were idettifi;ough SMCA and flood evenapping,

complemented by fieldrk data.Ten areathat are susceptible to flooding were identified using variables
such as rainfall, builp, elevation, slop&nd vegetation covéweaswith high susceptibility to flooding
anda record of past urban flood evemése identifie@Research quest&nThis approach provided a
clearer insight into the physical charactewséteghly vulnerable local aregiging ireffectively
identifyingarget area8ut of the ten identified target areasee(Flood Areas 2, and 8) were excluded
from the study due to greens, stakeholder inputs and ongoing political disturbances in some areas during
the fieldworkThe target areas had diverse land use and ownership dtarsicédthough concrete
cadastral data was unavail#ideglata obtained frothefield and interviews of the local expprtved

to be helpful. Land ownership is a critical component in urban plaseagch, as stakeholder
involvement anthe scale dhe project depend on clear ownership knowlédgel ownership
considerations were integrated the NbS recommendations provided in this stutigh reliedn

local knowledge and stakeholder inputs due to data limf@@eearch questijnata on existinybS
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measures were collected through general questionnaires-atrdcenad interviews, providing a broad
spectrum oéxisting practicdResearch questian 2.

Local socigphysical characteristics, includinigding types, availability of open spaces and roof types
determined suitable Nbs measures for each targ&tresainterventions were tailored to the specific
typologies oNbS, indicating the degree of stakeholder engagémiemiwledging the do-economic
diversity of the study area, the intervenaaiondo cater to the local negoiomoting inclusivity, equity
and sustainable developm@&esearch questmn 2.

3.5.3. Subobjective3To i nvestigate the awareness of the study
willingness to invest in NbS.

To investigate the awarenesswaitithgness of the stakeholders of the studylaotageneral survey and

the semsbtructured interviews played a crucial Télis dual approach of data collection provided a
comprehensive under st andi nengagement witeNbS.Waile théh 0| d e r ¢
surveyprovided a broader view, the intervielisved auancednalysisThe combined quantitative

and qualitative data (Quan-+qual) enablicher understanding of the awareness and williteyetss

across different stakeholder groffesearghestioBsa and)b

The stakeholder awareness was also melagaskdng questions related to existing government

initiatives on NbS or their involvement in Mblsited activitigResearch queltignSemistructured

interviews were conducted to understand the perspectives of the local governing bodies on integrating
Nbs into spatial plans and urlgaavernance frameworesearch questgrirhese interviews facilitated

a broad understanding of theillingness to adopt and invest in NbS for urban flood mitigaien
willingness of the local residantévest irfNBS measures was assessed using various methods such as
guestions on the Likert Scale, informal discussions and open aeddedsguestions about existing

greens in homes and neighbourhdRésearch queltian

3.5.4.  Subobjective 4: 3 assess the effectiveness, feasibiignefitsand drawbacks of NbS for flood

mitigation in the East Kolkata Wetland region.
A multifaceted approach was employed to understand how the governing bodies perceive the
effectiveness and feasibility of implementing NbS inndtieaggh flood susceptibilitg literature
review was done along with the data collection using the giemwvesahndemistructured interviews
(Research quetignDuring the servétructured interviews, the stakehaldezre presented with the
SMCA mao, followed by detailed discussions, providing comprehensive insights into NbS feasibility and
effectivenes¥/isual aids such as pictures of MbSventiondelped the intervieweeave a clearer
understanding. The audio recordings and trangdrtpese interviews were analyzed in Atlas.ti software,
extracting meaningful information through text sesectiment analysis, and correspondence analysis,
which were then coded with relevant keywdtdssemistructured interviews targethd technical
audience (key informantskeiplorethe benefits and drawbacks of NbS interventions in East Kolkata
(Research questignThese discussiqrssored as transcripts and audio recordsawalgzed in Atlas.ti
software using multimodal conventional content analysis m@tsads & Shannon, 2005; Serafini &
Reid, 2023)

3.6. Ethical ConsideratiormdRisks

The present research deals with human participants and ensures complete abidance with the rules
formulated by the ethics committee of the University of Twente, Faculty ITC, concerning the research
(University of Twente, 2018) written introductory document provided by the univéraiiyeen

shared witkall relevant human participants, stakeholdersrgaisationtaking part in the research.

The research had a mixed methodology of qualitative as well as quantitzdilectiatga which was
achieved by the following ways:
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1. Thawalitative datasbobbutaineddf i owé ialhdmensdg gianwdh i c h

deledinf or mati on, were recorded with consent
t hdeat a protection and strict anonymity. The
in MS Teanmsn, viediss gsydsssc r i pti on, which has a

data protection. This data can only be accesse

sharTihneg )devi ceata whschtbhedd was ghetected
device al s@P & gldrwidvwee ees 4 hte.o dlahtea bDwadsa Dsstt ovreeadg e

by the University of Twenaset rfoorg spaasfsfwoarndd. st ud

2. Theguantitative data, using which the statistic
survey mModbeo Woildngegct software, a Gener al Dat a
comps ¢ edwae eGDPRai d down by the European Privac
obtained from people, which has the potenti al
(which falls under GDPR), is deal t2a2O0wi8)h | awf ul

Kobo tool kit softwareamdashdeemempe rduecetead g e d hti
from three fdat @paubjecpants) were transparently
processingTaedinsageuctory | etuseedaddrihg t heéo

fi el dweamnkn-8 x e

The researcheoak full responsibility for lucrativeness and practicability in data without harming the
social, political, or human rights of the individual or gad@BA Council, 2020jhe work wascarried

out by providing clear information to all the people participating in surveys or other data collection
purposes. Adherence to all ethical protpirakiding the dissemination of relevant information to all
human participanta;ascarefully taken care (fapiszewski & Wood, 2028A.1.R (Findable,
Accestble,Interoperable, Reusahlse of data collected from the fielsof paramount importanceéo
ensurdindability, the folders and the data containing them were named sodhaayhe name itself
describes the data it contamg.(Thesis> DataSatellitémages>_andsat 200:LT05 ). For ease of
accessibilitgndinteroperability, theetadata was named in an understandatoiel and broadly
applicable language (Engli$he data compliesgith all the rules laid by the University and has a clear
usage licengproviding accurate information and fostering reusabdgigguarding the privayd
anonymi sati on of wadddlyconsideredand okserbydenadimg phe teahstcripte s
with interviewee numbers instead of names and designations

Therisksandimpacts thatight be dyproduct of this research areréduction of land value in the
areaghat are identified as areas susceptible to urban flandisgnilar oneblowever, one of the
mitigation strategies to previns kind of riskthe level of spatial detdihs been adjustied providing
aggregate locations of the flood areas in the maps.

Datareusability has also been ensured in this study by storing the data for a period phteregsiate
only to the researcher and the supervidocarding to the Data Policy of the University, the data will be
stored inpassworgrotected:loud storage provided by WJT Services (LISA), Known the Research
InformationSysten{RIS) which is an ISO 270@hd NEN 751@&ertified facilityUniversity of Twente,
2018)If the data is stored frersonal cloud storad@asf Drivewas useds it ipproved by the Dutch
and European privacy legislatiime data has been kept in cloud storage (MS Teams) for extra personal
safety

Theresearclivas completed withthe stipulated time of six mbat with the decision of the topic, the
proposal submissiogifective communication with the supervisors, timely completiorfiefdiverk

and a well chalkemlit work plan(Association for Project Management., 2004)
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4. RESULTS

Thischapteipresentshe findings of theesearch othe shrinkage of the east Kolkata wetlandthand
occurrence of urban floodheresults derived from thend use land cover analysis, SMCA analysis, and
the information obtained from the fieldwork are provided in different settiengsult;form

possible ways of integrating nahased solutions in the study area, which has the potential to reduce the
impact of or mitigate urban flooding.

4.1. Subobjective 1To determine the relationship between urban expansion and urban flooding.

The first objective focused on determining the relationship between urban expansion and urban flooding.
The following sections present the findings on land use and cover changes, flood occurrences, how they
change over time, and whether they are associated with land use/land cover changes

4.1.1 Research guestion 1.How and to what extent has ldred coveof east Kolkata Wetlands Changed in the
last two decades (202021)7?

4.1.1.1. Land use /Land covAnalysis.

The landuse/landcover of the study area veamalysetbr 2001, 2011 and 2021, respectiBeljpre the
cities were planned, the land cover of the study area was domisateddsfarmlandsandwater

bodiesA staggering amount of builp growth and concretization has been observed with the passage of
each decadm thelanduse/ land cover map of 20(Hig.J), it isobserved thebalt Lake Cityasthe

only city situated on the western part of the study area, adjacent to the Ea$V&ttdkatsParts of
Rajarhatomprisea sparse builtp largely connecteddad radiating from Salake Theland use land
cover classification accuracy2@®1 was 7 using Maximum Likelihood Classification. The accuracy
of 2011 and 202re 91.5% and 96.3%éspectively, using tBapport Vector Machine Methéive

classes were used for land use/ land cover classification: vegetatipn dguittulture, water, and open
land.The confusion matrix with kappa values has been providiegexe 4The Table provided below
(Tabk 8) explains each land cover class and their descriptions aocAdiioth Fashae et al. (2020) and
Molla (2018)

Table8: Land cover classes and their descrifionrce(Adeola Fashae et al., 2020)

Land cover cl ass Description

Vegetati on Denseelgyet at ed ar eas

Budulpt Buil dings, rnoda dost,h epra v
surfaces

Fatamd Agriculetasreald emwdd et at i
Qrass s mahdhrmpdBa) s

Wat er Wat er bodp®s(whlsiwah hav
some periods of the vy

Open | and Bare | and with mini ma

Theoutcomes of thiand uskland cover analyses (268021)are provide in Fig.3,26 and Z. A
comparative image of the three years is provided 8 Fig.2
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Figure24: Land use/ Landcover Map 20@burce: Authg024
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Figure25 Land use/ Landcover M&911 SourceAuthor, 023
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Land use/ Landcover Map 2021
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Figure26. Land use/ Landcover MaBource: Authd2024
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Land use/ Landcover Map 2001 Land use/ Landcover Map 2011 Land use/ Landcover Map 2021

N

Figure27. Comparative picture b&nd use/ Landcover Maj200121. Source: Auth¢2024

In the Spatial patterit was observed that builp growth and concretization are antbhegnost

dominant factors. Unplanned growth of the peripheral areas of the plannethichiese mostly

inhabited by the marginal sections of the society, often encroach into the natufghespaapsf 2001
shows the bu#ip concentration in Salt Lake City, which was plamaed the supervisiamthe 1960s

by the then Chief MinistBr Bidhan Chandra Roy with a Dutch engineering firm, NEDECO, to build a
city in the lowying,sauceshapedand in thenorth-western end of the East Kolkata wetlgRdsnbach,
2011b; T o Glhis aity was pladn@dataicater to the acute housing crisis in the city due to the
inflow of migrant refugees during the British partition of Bengal in the late 1940s and early 1950s. Salt

Lake, referred o as Dr Royds Wonderl and, was planned wi
middle and lovincome families by elevatingthellow i ng mar shy | and and brac
and f il met hodd wh edugeandlfilledin theber aceise soilivds also okdaineda s w e

by dredging thEooghly RiverThe land was elevated by mixing it with water pumped from the Hooghly
Riverto the wetlands by a process called Hydraulic @®limgbach, 2011)his was followed by the

rise of New Town, which was planned between 1999 and 2006 (West Bengal Housing Infrastructure
Development CorporatiBHIDCO), 2012)The plan was executed well, resulting in an urban cluster
observed in 2011 and gradually expanding in 2021, strengthened by a road network connecting the
surrounding patches of clust@ise urbanisatioprocesses within these two citied Rajarhat are

ongoing processes that takdng more of the green and blue spaces into thalahd cover typés
evident from the above maps, if the huplgrowth continuasnplannegthecities will keep growing
outward, engulfing more natuaetasand increasing the vulnerabilities and urbandlesutiated risks
(Rumbach, 2011)

4.1.1.2. LandUséd Landcover Change Detection

The land cover change for the study period was computed using GIS tools and standard statistical
techniques. This process involved the change detection analysis of the land use/land cover images
obtained from the previous analysis. This step gave quantitative results related to the land cover change |
the study aredhe specific classes that changed teupidere considered while analysing the land cover
change for the study peridtencethe land cover change detection map presents four majonand co
classes and their changésefour classes of land cover change are farmland tofwjten land to

built-up, vegetation to builip,and waterd builtup. The class namé&tlater to BuildJp shows the
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reason behind the diminishing water bodiggeistudy area. The map showing the different land cover
changes is provided belmwFigures 30 and 31 respectively
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Figure28 Land use/ land cover change detection Map 20Dl Source: Authd2024
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Figure29 Land use/ Land cover change detection mapZuHil Source: Authd2024
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