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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 urban centres named 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 the 

area where it is located at present was a conglomerate of multiple saltwater lakes in a saucer-shaped low-

lying area. In the 1960s, the growing need to provide housing for Kolkataõs teeming middle-class 

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 to 

precipitation, resulting in urban floods. 

The countries in the global north have started to adopt òNature-based Solutionsó (NbS) as a panacea to 

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 to 

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 area-specific NbS measures like bioswales, rain gardens, community gardens, rainwater 

harvesting channels, and the like. Besides recommending these measures, the study also takes into account 

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 developing area-specific nature-based solutions, which need not be the same 

in all cases, depending on the socio-economic 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, nature-based solutions, impervious surface, urban 

floods, urban flood mitigation, urban flood management, spatial planning. 
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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% of 

the global population is estimated to be living in urban areas, 90% of this growth will predominantly be 

from the Global South (United Nations, 2022). The growing urban population also demands land for 

housing. This, in turn, poses a pressure and grave threat to the natural environment. A key ecological 

service offered by the natural environment is the wetlands, one of the key ecological services provided by 

nature, helping sustain biodiversity and ecological equilibrium(Roy-Basu et al., 2020). Besides providing a 

habitable environment for marine life and sustaining riparian vegetation, wetlands also decarbonize urban 

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 resources (Roy-Basu et al., 2020). 

However, wetlands, while being the valuable assets of nature, have lost their existence by more than 50% 

worldwide solely due to the detrimental effects of urbanization (Dasgupta et al., 2013; Mondal et al. et al., 

2022; Paul et al. 2021). The present century has brought with itself an immense conversion of 30 million 

km2 of wetlands to impervious, manmade surfaces, in which the last 20 years have contributed to a 6% 

decline in wetlands (Faso 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 non-renewal of the groundwater. This can directly impact the environment and the lives 

of the people. 

According to several studies, urban expansion and the loss of natural landscapes increase the vulnerability 

of urban expansion-induced urban flooding. In the present decade, the problem of urban flooding has 

become a more serious concern in many cities(Bassi et al., 2014; Ghosh et al., 2023; Ghosh & Das, 2020;  

Mondal et al., 2017; Mondal et al., 2022).The process of shrinkage of valuable natural land is anticipated to 

be widespread even in future due to the growing demand of land shrinkage of valuable natural land is 

anticipated to be widespread even in the eats posed by urban floods has already been implemented in the 

global north, encouraging the recovery of the lost natural landscapes (Kabisch et al., 2016). Initiatives of 

Nature-based solutions (NbS), such as green roofs, green walls, and pollinator planting, have yielded 

promising results in Liverpool, UK, and many other cities in the European Union (Mell et al., 2023). 

The effects of urban expansion are felt worldwide, mostly in developing countries such as India. India is 

home to 17.76% of the worldõs population, where a small plot of urban land can determine the livelihood 

of a user (worldometer, 2023). The metropolitan region of Kolkata, the capital of the Indian state of West 

Bengal, has also witnessed substantial urban growth in the past years (Mondal et al., 2022). A part of this 

population has also been contributed by political events such as the partition of Bengal in the decade of 

1960s and 70s, when West Bengal witnessed a huge inflow of refugees from Bangladesh, creating acute 

stress on the housing infrastructure of the Kolkata City (Rumbach, 2011). Besides this factor, rural-to-

urban migration is also a major contributing factor to the growing population and land demand in urban 

areas. The urban development which was undertaken thereon had been at the cost of natural resources by 

converting them into paved impervious surfaces. Kolkata has a population of 15.5 million (World 

Population Review), making it India's third most populous city ( Chakraborty et al., 2021). Increasing 

population pressure and demand for scarce urban land resources lead to the Geographical expansion of 

metropolitan areas, encroaching on areas of ecological significance. 
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Nature-based Solutions (NbS) is a relatively new term introduced in 2015 in the scientific publication of 

(Eggermont et al., 2015), where the term was first used to refer to an environmental planning measure. 

Nature-based solutions are defined by the European Union (2019) as cost-effective actions inspired and 

supported by nature to address several social, economic, and environmental challenges sustainably 

(Hawxwell Tom et al., 2019). Before nature-based solutions became a flagship term promulgated by the 

European Commission, different stakeholders used to refer to this planning policy using other terms like 

green infrastructure, sustainable infrastructure, blue-green infrastructure, eco-engineering, etc. (Eggermont 

et al., 2015). NbS emerged as a research policy in the documents of the European Green Deal, addressing 

critical societal and environmental challenges (European Union, 2019). Despite being promoted as a 

policy concept in Europe, NbS continues to be highly relevant in countries worldwide, including tropical 

countries like India. The loss of natural resources and the use of technical 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, NbS has been widely studied worldwide for various purposes, such as addressing 

societal issues such as biodiversity loss, climate change, disaster risk reduction, and resilience. NbS also 

advocates promoting a green economy by providing societal and environmental benefits by caring for 

economic growth. However, these activities are primarily concentrated in European countries and some 

parts of America (Kabisch et al., 2016). The nations in the global north have implemented solutions like 

green roofs and walls, planting exotic fast-growing grasses, and permeable pavements, which are gaining 

popularity worldwide (Kabisch et al., 2016). 

NbS provides several co-benefits that synergically work with nature. Chausson et al., (2020), in their 

publication, mention the effectiveness of NbS applications in different parts of the world, starting from 

Greenhouse gas (GHG) emission reduction, ecological restoration, and biodiversity enhancement. The 

current state-of-the-art engineering solutions can be complemented with NbS to achieve effective results 

for local problems such as urban floods and landslides (Raymond et al., 2017). However, NbS has 

significant research and knowledge gaps that must be considered. Determining an appropriate time scale 

for implementing and successfully operating NbS is one of the prime gaps (Kabisch et al., 2016). 

Considering all the pros and cons of the concept, appropriate area-based measures need to be pointed out 

in a collective way. For choosing the right NbS for an area, stakeholder participation is of great 

importance (Daniere et al., 2022). This research aims to highlight how different stakeholders envision the 

potential implementation of NbS in East Kolkata for flood mitigation (Ratnam & Owuor, 2020) . These 

insights from stakeholders shall help identify the opportunities and barriers to NbS applicability in the 

study area. This will help in thinking in an innovative way by putting the ôone-cap-fits-allõ notion aside 

(Woroniecki et al., 2023). 

1.2. Research Problem 

. Shrinkage of wetlands, urban expansion, and consequent urban flooding are significant problems in 

countries worldwide (Mondal et al., 2022). In the developing and underdeveloped countries of Asia, the 

problem is more pressing. Urban flooding is, for instance, a common problem faced by most prominent 

cities in India, like Mumbai, Kolkata, Delhi, Chennai, Bangalore, and so on (Dasgupta et al., 2013; De et 

al., 2013). These cities, being in coastal areas or the catchment area of major rivers, receive high 

precipitation and are prone to urban floods. However, 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 & Singh, 2017). For instance, the measures 

taken for flood mitigation in the city of Kolkata and its urban agglomerations are limited to traditional 

methods like construction and maintenance of log gates, de-siltation 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 other factors (Dasgupta et 

al., 2013). These measures are often inefficiently 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 to address the challenge 

(Raymond et al., 2017). Nature-based solutions, being manmade/artificially introduced infrastructures 

made with technical or engineering techniques, can help tackle the severe problem of urban flooding but 

can never surpass the efficiency of ecological services provided by the natural environments. For the areas 

of Salt Lake and New Town, the Kestopur and Bagjola Canals play a crucial role in drainage. However, 

they are often choked and unable to handle heavy rainfall, inundating the surrounding areas (Rumbach, 

2014). Salt Lakeõs development pushed urbanization towards the hazard-prone low-lying land without 

proper planning of the drainage or flood mitigation. This exclusionary approach has led to urban floods in 

these areas (Mitra & Banerji, 2018a; Rumbach, 2011). The master plans have also overlooked the need to 

conserve the valuable east Kolkata wetlands, which led to rampant growth of built-up around these 

riparian areas. In some places the natural flow of water towards the wetlands has been restricted by 

concrete barriers. 

The city planning culture in India is dominated by Master Plans (Baud et al., 2014). The master plans are 

often stringent in nature, with pre-defined zones delineating land cover, following which cities are 

planned. In the case of cities like Salt Lake and New Town, the situation is the same. Generally, the reality 

seldom aligns with the plan in certain aspects due to multiple factors (ToĢkoviĻ, 1964). Spatial planning 

has a significant role in urban flooding (its causes) and mitigation (Makita, 2020). The existing urban flood 

reduction and mitigation measures taken by the government are insufficient to prevent urban floods, 

which have become more frequent in recent decades (Dasgupta 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 by America (Kabisch et 

al., 2016). However, research on NbS applications in the global south is also gaining momentum (Asare et 

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

 

This research focuses on why urban floods are occurring in cities like Salt Lake and Newtown, where in 

these cities can NbS be applied, what are the best-suited NbS services that can be provided in the areas 

having the most impact by floods, how can NbS find a place in the existing spatial plans for flood 

mitigation with respect to land ownership. These solutions will be provided based on area-based 

requirements, such as bioswales, permeable pavements, rainwater harvesting systems, percolation pits, etc., 

with the involvement of citizens and stakeholders. This research also aims to assess the feasibility and 

potential of nature-based solutions to be implemented with eastern Kolkata's existing flood mitigation 

schemes. Incorporation 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 sectors 

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 the outcomes of the surveying and interview process. 

Frameworks to assess the existence of NbS in municipal plans by developing frameworks are being 

undertaken by researchers by involving stakeholders and local citizens (Daniere et al., 2022). Despite the 

ongoing research in this field, significant knowledge gaps remain (Seddon et al., 2020). Among 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 prime ones (European 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 their greens (Banerjee, 

2018). 

 

 

1.3. Research Objectives and Questions 

1.3.1. General Objective 

This research aims to assess òthe potential realization ofó area specific NbS to reduce the impacts of urban 

floods due to the depletion of wetlands in east Kolkata, incorporating the perspectives of stakeholders. 

 

1.3.2. Sub-objectives and Questions 

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

a. How and to what extent has East Kolkata Wetlands' land cover changed in the last two decades (2001-

2021)?  

b. Is there a relationship between urban expansion (impervious surface development), rainfall, change in 

slope and shrinkage of wetlands, and urban flooding?  

c. What is the frequency of flood events from 2001 to 2021 (Hazard patterns)? 

 

2. To explore the suitable NbS measures for the identified target areas based on their socio-physical 

characteristics.  

 

Questions related to the characterization of the target areas. 

a. Which areas can be fit for NbS measures with regard to their physical characteristics?  

b. What are the land use and ownership characteristics of the target areas? (to identify the areas fit for 

NbS)  

c. What are the existing NbS measures in the study area?  

d. Which NbS measures shall be appropriate in the target areas to reduce the impact of urban floods?   

3. To investigate the awareness of the study areaõs stakeholders of NbS and their willingness to invest in NbS.  

a. What are the existing NbS measures (if any) taken by the government/local governing bodies and why 

they are taken? (Awareness)  

b. To what extent are the residents of the study area aware of Nature-based solutions?  

c. What is the perspective of the governing bodies regarding integrating NbS in existing spatial plans 

(perceived benefits and drawbacks)? (Willingness)  

d. How much are the residents willing to invest in Nature based solutions?  

4. To assess the effectiveness, feasibility, benefits and drawbacks of NbS for flood mitigation in the East Kolkata 

Wetland region.  

a. How do the governing bodies perceive the effectiveness and feasibility of implementing NbS in flood-

prone areas?  

b. What are the potential benefits and drawbacks of implementing NbS in east Kolkata, and how do they 

compare to conventional flood management strategies?  

c. What are the key factors influencing the adoption and acceptance of NbS among stakeholders in the 

context of urban 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. The flood-affected parts of the urban 

area need area-specific 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 contributes knowledge that can inform urban flood management by addressing 

urban flood challenges through nature-based solutions in several ways, starting from the identification of 

knowledge gaps to providing practical solutions. The research expands the geographical focus of the 

concept of nature-based solutions, which are mostly popular in the countries of the Global North. 

(Kabisch et al., 2016; Raymond et al., 2017; Seddon et al., 2020).  By focusing on the context of urban 

areas in Eastern Kolkata experiencing heightened flood issues, the research addresses significant global 

challenges related to urbanization and environmental degradation(Kabisch et al., 2016). The research 

identifies the existing knowledge gaps in NbS implementation, including the identification of barriers 

(Raymond et al., 2017; Seddon et al., 2020; Viti et al., 2022). The studyõs emphasis on involving 

stakeholders and local communities can generate knowledge that NbS solutions can be tailored to meet 

the specific needs and contexts of the affected populations, enhancing their effectiveness and acceptance 

(Frantzeskaki et al., 2019). Through a comprehensive assessment of NbS interventions and exploring 

possibilities of their integration into existing spatial plans, the research suggests practical solutions for 

mitigating or impacting the reduction of urban floods in areas like the East Kolkata wetlands facing 

ecological degradation, taking stakeholderõs perspectives into account (Kalantari et al., 2021).  

 

1.5. Thesis Structure 

The thesis work is divided into six chapters, comprising the introduction (Chapter 1), dwelling on the 

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, nature-based solutions and their integration into spatial planning. 

Chapter 3 Highlights the study areaõs further description, research design and strategy, materials and 

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 an 

interpretation and discussion of the analysis, which deals at great length with the results, research findings 

and limitations. The 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 deals with a concise 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 Nature-based 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 of built-up areas into previously underdeveloped or rural land 

(Chakraborty & Banerji, 2016; Pfeffer, 2023). This phenomenon is driven by factors such as population 

growth, economic development, and infrastructure expansion (Angel et al., 2005; Mondal et al., 2017). As 

cities expand, they encroach upon surrounding natural landscapes and agricultural land, changing their 

ecological structure, functions, and land use patterns(Jiao et al., 2021).  

 

Rapid urban expansion can also result in the occupation of wetlands and other flood-prone areas, 

increasing the vulnerability of populations to flood hazards (Mandarino et al., 2023). This 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 Kolkata ( Chakraborty & Banerji, 2016). Natural 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 infiltrate it (Paul et al., 2021). They are 

swampy tracts of land, maintaining the groundwater table by recharging it and balancing the hydrological 

equilibrium of the area. Urban expansion 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, 2018b). This shrinkage leads 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 

management. Urban expansion often drives wetland shrinkage as urban areas expand into previously 

untouched wetland territories, leading to habitat loss, fragmentation, and degradation (Dey, 2018). 

Wetland shrinkage refers to the reduction in the extent and size of the wetland area, often attributed to 

human activities. Although natural causes like droughts also play a role, they are seldom observed. (Dey, 

2018). East Kolkata wetlands, recognized as a valuable wetland resource and tagged as a Ramsar site, are 

rich in natural waterbodies, where canals bring wastewater from the metropolitan city of Kolkata, thus 

enabling them to receive it and naturally recycle it. The natural freshwater resources of the area are 

diminishing due to encroachment and construction activities, aggravating pluvial flooding (Chakraborty & 

Banerji, 2016). This 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 rigid, non-permeable 

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

for roads, sidewalks, buildings, and other urban infrastructure (Ghosh & Das, 2019).  

The concept of impervious surface development is integral to urban planning and design. As it dictates the 

spatial organization and functionality of built environments. This approach contrasts with the other softer 

alternatives like green infrastructure and nature-based solutions, prioritising natural elements such as 

vegetation and permeable surfaces to enhance sustainability and ecological resilience (Hawxwell Tom et 

al., 2019). Developing impervious surfaces poses challenges like stormwater runoff and the urban heat 

island effect. However, due to impervious surfaces' durability, ease of maintenance and cost-effectiveness, 

they are quite popular in urban environments (Ramachandra et al., 2014). 

2.4. Urban Floods 

Urban floods refer to flooding events within urban areas, often resulting from heavy rainfall, inadequate 

drainage systems, and urbanization processes (Mandarino et al., 2023). The concept of urban floods 

underscores the complex interplay of various factors, including land use, hydrology, infrastructure, and 

climate change (Sumi et al., 2022).  

Such floods 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 coastal areas (Arinabo, 2022). 

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 involves mitigating flood risks, building adaptive capacity, and promoting 

sustainable urban development (Sumi 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 prolonged 

inundation and poses significant threats to communities living in flood-prone areas (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 functions (Andrikopoulou, 2020; 

Chen et al., 2010). The 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 area (Mitra & 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, resulting 

in increased strengths of the low-pressure 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 precipitation rates (Ghosh et al., 

2023; Singh et al., 2021). Understanding 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 hazards (Singh et al., 2021). 
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2.6.  Nature-Based Solutions (NbS) 

Nature-based solutions, according to the EuropeanUnion, (2019) p.5, are òsolutions that are inspired or 

supported by nature, which are cost-effective, simultaneously provide environmental, social and economic benefits and help 

build resilience.ó 

Nature-based solutions encompass strategies that utilize natural processes and ecosystems to address 

various societal and environmental challenges (Daniere et al., 2022). They often complement or serve as 

alternatives to ògrey infrastructureó solutions, which typically involve man-made structures like concrete 

infrastructures (buildings, dams, barriers, etc.) (Chausson et al., 2020).   

NbS ensures strives for sustainable management, restoration, and protection of ecosystems to provide 

benefits such as climate change mitigation, urban flood mitigation, biodiversity conservation and 

improved water quality in urban areas. Nature-based solutions like bioswales and rain gardens have 

immense potential to mitigate the problem of pluvial urban flooding. These solutions harness the inherent 

resilience and adaptive capacity of NbS to foster societal well-being and environmental sustainability 

(Eggermont et al., 2015). 

 
Figure 1 Conceptual understanding of Nature-based solutions. Source:(Ferreira et al., 2020) 

 

2.7.  Nature-Based Solutions typology 

Interventions based on nature-based solutions are suitable for areas with different socio-physical 

characteristics. The interventions provided in this study primarily address the prevalent problem of 

waterlogging in the study area. These solutions go synergically with nature and provide cost-effective 

solutions complementing engineering solutions. Nature-based solutions have three typologies (Eggermont 

et al., 2015). 
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NbS type-1 primarily 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 the 

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. These nature-based 

solutions are man-made 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 and co-creation among the different stakeholders. A detailed insight into 

these typologies has been provided in Fig.2 below. 

 
Figure 2 Nature based Solution Typologies, Source: (Eggermont et al., 2015). 

To localize these interventions, area-specific maps have been made for all the target areas identified in the 

research. 

2.8.  Nature-based Solutions for Urban Flood Mitigation 

Nature-based solutions are sustainable solutions recognized as cost-effective interventions for urban flood 

mitigation. Nbs offer several benefits to urban landscapes, starting from stormwater management and 

providing biodiversity and ecosystem services. This enhances a cityõs urban planning, fostering ecological 

resilience and mitigating the adverse effects of urban flooding (European Union, 2019). 

The Urban expansion of Rajarhat Salt Lake and Newtown has had detrimental effects on the riparian 

vegetation nurtured by the East-Kolkata wetlands. The protection of the existing expanse of wetlands and 

implementing Nature-based solutions will play a pivotal role in maintaining the environmental equilibrium 

and mitigating urban floods (Tanana Valley Watershed Association, 2008).  

The dense growth of indigenous plant species in and around the marshes will stabilise the soil, preventing 

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 natural 

flood mitigation measure not only protects the environment, but also aids in protecting the vulnerable 



REVIVING RESILIENCE: INTEGRATED MANAGEMENT FOR URBAN FLOOD MITIGATION USING NATURE-BASED SOLUTIONS IN EAST KOLKATA WETLANDS, INDIA 

 

10 

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 water. This research aims to promote context-specific nature-based solutions, 

sustainable flood management in the area, and resilience by advocating for the restoration and 

conservation of riparian zones in high-risk 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 man-made nature-based solutions that gently slope sides filled with vegetation 

such as grasses, shrubs, and trees (Fig.3). 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 of vector-borne diseases in the 

surrounding areas (Pathak 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 Type-3 Nature-based solutions, which involve the participation of stakeholders, including the 

local government (Eggermont et al., 2015). 

Bioswales represent a promising solution for sustainable urban flood mitigation, which is cost-efficient 

and does not require high maintenance, except for watering the vegetation in summer months when 

rainfall is less than usual. Integrating nature-based solutions like bioswales in urban infrastructure can 

significantly contribute to flood mitigation, water quality improvement, groundwater recharge and create 

resilient and liveable cities (Asare et al., 2023). 

 
Figure 3 An example of a  bioswale. Source: (Blankenship,2015) 
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2.8.2.  Rain Gardens 

Rain gardens are sustainable (rain-fed) stormwater management systems designed to capture, absorb, and 

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 the rainwater (Fig.4). This 

natural filtration process helps improve water quality, reduce erosion, mitigate urban flooding, and 

recharge groundwater (Pathak et al., 2022). Besides these benefits, rain gardens enhance biodiversity and 

improve urban aesthetic beauty. Rain gardens are a mixture of sand, compost, and native soil, which helps 

with water infiltration and prevents erosion (Fig.5). Rain gardens effectively retain moisture and provide 

organic material for the vegetation, immunising the soil's health (Rain Gardens for Soil Health, n.d.; 

Zhang et al., 2020). 

 
Figure 4: An example of a Rain garden. Source: (US EPA, 2015)  
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Figure 5 Layout of a rain garden. Source: (Staff,2022) 

 

 

2.8.3. Balcony Garden 

Urban flooding poses significant challenges in densely populated areas. Innovative solutions like balcony 

gardens in areas dominated by built-up areas can have an impact on reduction of urban floods. Though a 

bit unusual, the concept of balcony gardens is promising in small-scale interventions. While all traditional 

flood mitigation techniques often focus on large-scale 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 from flowing as runoff and 

overwhelming the drainage capacity. By incorporating permeable materials in the vegetation, balcony 

gardens facilitate infiltration into the soil and retain moisture (Qin, 2020). 

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 problem of urban flooding. 

Incorporating greenery also helps in regulating temperature in urban landscapes, and implementing 

balcony gardens can contribute to green infrastructure development in urban landscapes. By harnessing 

the potential of balcony gardens, it is possible to diversify urban flood mitigation measures (Pathak et al., 

2022; Qin, 2020). 
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Figure 6: (Left) Balcony Garden. Source: (The,2023) (Right) Balcony Barrel. Source: (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 sustainable nature-based solution for mitigating urban 

floods. Rooftop gardens effectively absorb rainwater and help retain stormwater, reducing runoff volume 

during heavy rainfall events. Nature-based interventions like rooftop gardens allow rainwater to infiltrate 

into the soil, retarding the rate at which the rainwater enters the drains and alleviates the pressure on 

drainage systems. Besides reducing the surface temperature of the buildings and the surrounding areas, 

rooftop gardens also reduce the risk of flash floods (Qin, 2020).  

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 long term (Pathak et al., 2022). 
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Figure 7: An example of  rooftop garden. Source: (Dubbeling et al., 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 complement ògrey surfacesó, which are impervious. These nature-based 

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 far-reaching roots help improve soil structure and bind the soil (Pathak 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 trees (Kumar et al., 2021). 
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Figure 8: Example of street trees as seen in the field. Source: Author, (2024) 

2.8.6. Community Garden 

Community gardens are effective nature-based solutions that absorb excess rainwater and reduce runoff. 

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 systems (Pathak et al., 2022).  

This type of nature-based solution also aids in carbon sequestration and improves soil quality, facilitating 

groundwater recharge. Besides their implications in urban flood mitigation, community gardens promote 

self-help urbanism and encourage community participation in maintaining these common plantations, 

reducing the burden on the government to execute flood mitigation solutions (Hawxwell et al., 2019). 
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Figure 9: Community Garden. Source: Author, (2024) 

 

2.8.7.  Rainwater harvesting  

Rainwater harvesting profoundly impacts the alleviation of pressure from the drainage systems during 

heavy rainfall. It is an easy-to-implement and economical solution that can vary from small- to large-scale 

rainwater harvesting projects. Varying from an individual household to community rainwater harvesting 

projects, this nature-based solution is all-round for using rainwater for potable and non-potable purposes 

(Campisano et al., 2017).  

Rainwater harvesting systems can collect rainwater from rooftops, pavements, and other surfaces, 

diverting it to storage tanks to underground reservoirs for future use of recharging groundwater by 

infiltration. The augmented use of rainwater for non-potable 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 urban floods (Amos et al., 2021; 

Campisano et al., 2017; Dhoble, 2006). 
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Figure 10: Example of a rainwater harvesting system. Source: (Gupta et al., 2015) 

 

2.8.8  Porous Pavement  

Porous Pavements are integral components of low-impact development strategies for urban areas. These 

cost-effective 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 courtyards (Pathak 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 nature-based solutions for urban flood mitigation and resilience 

(Asare, 2021). 



REVIVING RESILIENCE: INTEGRATED MANAGEMENT FOR URBAN FLOOD MITIGATION USING NATURE-BASED SOLUTIONS IN EAST KOLKATA WETLANDS, INDIA 

 

18 

 
Figure 11: Example of a  Porous pavement. Source: (Wikipedia,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 flooding (Dhoble , 2006). 

 
Figure 12: Percolation Pit. Source: (Swamy,2019) 

2.9. Relation between different NbS measures 

The different NbS measures mentioned in this chapter can be used together to mitigate urban floods in 

east Kolkata.  
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Figure 12: Interconnectivity between different NbS Interventions. Source: Author, (2024) 

 

 

Fig.13 shows the interconnectivity between different NbS interventions obtained from literature (Amos et 

al., 2020; Andrikopoulou, 2020; Campisano et al., 2017; Daniere et al., 2022; Dhoble, 2006; Pathak et al., 

2022). A porous pavement, bioswale, or a rain garden can aid in rainwater harvesting, besides infiltration. 

Rainwater can also be harvested from balcony gardens and rooftops. The harvested rainwater can then be 

used for the maintenance of the greens. Excess water will flow into percolation pits, green belts, and 

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 NbS 

interventions can make the infrastructure significantly self-sustainable 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 within 

a geographical area to achieve specific goals and address various societal needs and challenges (Campbell, 

2016). According to Ran & Nedovic-Budic (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 reduction (Greiving & 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 as flooding(Ran & Nedovic-

Budic, 2016). To 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 developed (Howe et al., 2010). Cities 

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 countries (Asare 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 result (Ran & Nedovic-Budic, 2016). Reckless urban expansion has seriously impacted 

the valuable ecological services, which are the biggest environmental assets of these regions. In planning 

and governance, flooding is a common problem encountered by almost every Indian coastal city (Mitra & 

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 the area. In East Kolkata, the spatial planning 

structure is characterized by a decentralized and autonomous mechanism. This involves multiple 

governing bodies, each with specific roles. These governing bodies are the Nabadiganta Industrial 

Township Authority (NDITA), the New Town Kolkata Development Authority (NKDA), the West 

Bengal Housing Infrastructure Development Authority (WBHIDCO), and the Bidhannagar Municipality. 

NDITA oversees industrial townships in Salt Lake City, ensuring infrastructure development and civic 

amenities, including drinking water. NKDA looks after the development of New Town, focusing on land 

acquisition and essential services. WBHIDCO handles the housing and infrastructure projects in the entire 

East Kolkata, while Bidhannagar Municipality ensures urban development in Salt Lake aligns with the 

overarching broader metropolitan strategies (Roy-Basu et al., 2020).  The development of impervious 

surfaces in the past decades cannot be undone and has severe consequences like waterlogging and land 

subsidence. Illegal encroachment into the wetlands and other natural areas is also sometimes unmonitored, 

leading to shrinkage and depletion of valuable natural resources (Chakraborty & Banerji, 2016; Mitra & 

Banerji, 2016). 

While decentralization allows tailored solutions at a local level and faster decision-making, the lack of 

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

for all urban clusters. Leveraging the common roles of the governing bodies and integrating nature-based 

solutions with spatial plans, which will be flexible and multifunctional considering the local variabilities of 

urban environments, the problem of urban flooding can be mitigated, or the impact can be largely reduced 

(Quagliolo et al., 2023; Ran & Nedovic-Budic, 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 their protection against 

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 technology (Mitra & Banerji, 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 rainfall ( Mukherjee et al., 2019). 
The sp 

2.13. Conceptual Framework 

The major concepts dealt with in this research are described in the previous sections (introduction and 

literature review). The conceptual framework (Fig.14) illustrates the relationship between the different 

concepts and NbS. It also consists of the basic questions about why, where, what and how. 
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Figure 13: Conceptual Framework of the research 
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3.  RESEARCH DESIGN AND METHODS 

This chapter elaborates on the research design and the methodology that has been followed to achieve the 

results pertaining to the research questions. After describing the locational setting of the study areas, this 

chapter delved deep into the research design, followed by the methodology. The sub-sections below have 

also covered the data sources and the type of data used for the different analyses. 

3.1.   Study Area 

 

Kolkataõs urban expansion has significantly impacted the East Kolkata Wetlands (EKW), a Ramsar site 

and one of the worldõs largest natural sewage treatment systems (Chakraborty et al., 2023). These wetlands 

are situated on the eastern edge of Kolkata. They reach the junction of the Vidyadhari and Matla rivers, 

acting as a basin that absorbs contaminants draining into it from the whole city. The east Kolkata wetlands 

are a protected area with a stretch of 125 km2 and provide land for agriculture, sewage-fed fisheries (for 

recycling sewage water), horticulture, and aquaculture (Mondal et al., 2022c). The 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 the sewage-fed fisheries and eventually 

hampers the lifestyle and occupation patterns of the local inhabitants (Nadella & Sen, 2021). Adding 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 wetlands. Kolkata's inner city 

has more than 4.5 million residents, generating 1.1 million m3 of wastewater channelled towards the east 

Kolkata wetlands without treating it in the sewage treatment plants (STP). This water is recycled up to 50% 

by the ponds in the wetland ecosystem (Bunting et al., 2010). This 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 coping with the urban floods caused by the 

recent problem of frequent tropical cyclones and urban expansion (Ghosh & Das, 2020; Mondal et al., 

2017). Hence, there is a need to introduce measures that can synergically work with the existing measures 

for impact reduction and mitigation of the problem. 



REVIVING RESILIENCE: INTEGRATED MANAGEMENT FOR URBAN FLOOD MITIGATION USING NATURE-BASED SOLUTIONS IN EAST KOLKATA WETLANDS, INDIA 

 

24 

 
Figure 14: Map showing the location of the study area. Source: Author, (2023) 

Located between 22 Ě25 ɦ N to 22 Ě40 ɦ N and 88 Ě20 ɦ E to 88 Ě35 ɦ E, The East Kolkata wetlands is a 

thriving wetland ecosystem spread across 125 km2. The East Kolkata wetlands are popular as the ôkidney 

of Kolkataõ due to their immense potential to filter wastewater generated from the city (Mondal et al., 

2022). [Aw] (Sahana et al., 2022, p.131). Being situated on the lower deltaic plain of the Hooghly River, the 

region has a maritime influence, experiencing precipitation up to 2000mm and a temperature ranging from 

10-42C. 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 services (Ghosh, 2023). For this research, the 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 wetlands currently most affected 

by urban expansion (Bhattacharya, 2021, 2023; Mondal et al., 2017). A map showing the locations of the 

three major urban areas, Rajarhat, Salt Lake and New Town, is provided below (Fig.16). 
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Figure 15: The location of Rajarhat, Salt Lake, and New Town is within the study area. Source: Author (2024) 

 

The study area is intersected by different administrative boundaries, which comprise boundaries of the 

Airports Authority of India (AAI), The Bidhannagar Municipal Boundary and the boundaries of the North 

and South 24 Parganas, respectively. To reduce the complexity, the area of interest has been chosen for 

this study by aggregating the municipal boundary of Bidhannagar Municipality and the boundary of north 

24 Parganas.  

3.2.  Research design and approach 

The research is intended to investigate the relationship between urban expansion and shrinkage of the east 

Kolkata wetlands and suggest NbS measures to prevent urban flooding in the area caused by impervious 

surface development. A case study approach has been employed in this research to examine the specific 

challenges of urban flooding in the study area. This research blends spatial, qualitative, and quantitative 

data to provide an understanding of the efficacy and applicability of NbS in addressing urban floods. 

Spatial multi-criteria analysis (SMCA) has been conducted to identify suitable locations for implementing 

NbS interventions, integrating various factors such as physical features and socio-economic and 

ownership characteristics.   Diverse data collection methods have been employed, encompassing field 
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surveys and other methods to acquire primary and secondary datasets providing qualitative and 

quantitative information about the study area. 

 
Figure 16: Methodological flowchart of the research. Source: Author (2024) 

3.3.  Data Sources 

Primary and secondary data sources were combined to accomplish the research objectives. Primary data 

collection involved conducting surveys and semi-structured interviews to gather firsthand insights from 

respondents in the field. This primary data acquisition enabled the direct capture of relevant information 

pertinent to the studyõs focus on understanding the impact of urban expansion on the wetland ecosystem 

and the reasons behind urban flooding. The secondary data sources included satellite imageries from 

Landsat spanning the period from 2001 to 2021, obtained from USGS Earth Explorer. Rainfall data was 

sourced to provide a meteorological context, while a Shuttle Radar Topography Mission (SRTM) image of 

the study area was utilized to generate a 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 research topic.  The 

primary data complements the secondary data by validating the results of the analyses with the facts 

obtained from the field. For instance, the locations of flood areas obtained from the questionnaires and 
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interviews were geotagged on the SMCA map to validate them. This methodological blend facilitates 

analysis, enabling the exploration of multifaceted aspects and supporting informed conclusions. An 

overview of the data is provided in Table 1.  

Table 1: Data used for the research. 

Data Type Data 

Format 

Year Data Source Purpose/ Rationale 

Landsat Images Raster 2001-2021 USGS Earth Explorer Land use-Landcover change analysis 

Rainfall Data Raster 2001-2021 Centre for 

Hydrometeorology and 

Remote Sensing 

https://chrsdata.eng.uc

i.edu/  

Making Rainfall Maps (Precipitation 

pattern analysis) 

SRTM Raster 2001-2021 USGS Earth Explorer To identify flood-prone areas based 

on their undulation by creating a 

DEM and using it to create a slope 

map and as an indicator in SMCA. 

Flood 

management 

Document 

text 2001-2021 Annual Flood Reports, 

Rainfall Statistics of 

India, West Bengal 

State Disaster Records, 

India Meteorological 

Department (IMD) 

rainfall and flood 

Reports and 

Newspaper Archives. 

To gain insight into the rainfall 

patterns and past flood events. 

Existing 

knowledge 

Text After 2010 Scientific Literature  Scopus, web of science, etc. 

Built-up 

Surface 

Raster 2020 Global Human 

Settlements 

Indicator for SMCA 

Proximity to 

surface 

waterbodies 

Vector 2023 Open Street Maps Indicator for SMCA 

Land Cover 

Map 

Raster 2001-2021 Landsat Images Indicator for SMCA 

DEM Raster 2001-2021 SRTM Data Indicator for SMCA 

Vegetation 

Cover 

Raster 2001-2021 TanDEM-X Indicator for SMCA 

Transcription 

and Audio 

recordings 

Text and 

audio 

Primary Data 

(fieldwork) 

Stakeholders and key 

informants 

Understanding the awareness, 

willingness, feasibility, benefits and 

drawbacks of NbS. Suggesting 

appropriate area specific Nbs 

interventions. 

https://chrsdata.eng.uci.edu/
https://chrsdata.eng.uci.edu/
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3.4. Data Collection 

Primary data used in the study were collected from the field using two data collection methods, namely, 

the general questionnaire and the semi-structured interviews. The secondary data used in the study along 

with their formats and respective sources, have been represented in Table 1. 

3.4.1. General Questionnaire 

The general questionnaire used to gather data from the local residents consisted of questions aimed at 

gathering relevant information related to the people's experiences, perceptions, and concerns regarding 

urban flooding and nature-based 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 previous section. Following 

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 were open-ended questions to solicit further ideas for NbS interventions. Lastly, the 

questionnaire comprised feedback about the survey and recommendations for improvement. The 

questionnaire can be found in Annexe 3. 102 local inhabitants took part in the survey and provided 

valuable information about the study area. 

3.4.2.  Semi-Structured interviews 

The semi-structured interviews targeted key informants, including government officers, planners, 

researchers and policymakers. To gather in-depth insights and technical expertise related to urban flooding 

and NbS implementation. 

The opening questions of the semi-structured interview were designed to establish rapport and familiarity 

with the interviewee, explaining the purpose and confidentiality of the interview. The subsequent 

questions 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. The semi-structured interview also opened up an arena for 

feedback and suggestions from field experts. A total of six key informants were identified for the detailed 

semi-structured interview. However, responses were obtained from four. The details of the 4 semi-

structured interviews have been provided in Table 2. Due to time and availability, the other two 

interviewees could not appear for offline/online interview sessions. The interviewees were contacted by 

email with details about the research, the reason for the interviews, ethical aspects, and the duration of the 

interviews, complemented by a fieldwork cover letter provided by Faculty ITC. Based on the convenience 

and availability of the key informants, the meetings were conducted online (in MS Teams Work and 

School). Increasing the comprehensiveness of the research and gathering sensible data, the semi-structured 

interview was a great tool for primary data acquisition and analysis. The script of the semi-structured 

interview can be found in Annex-3. 

Table 2: Information about the Institutions of the Key informants and the dates of interviews 

Interviewee 

No. 

Institution Number of 

Interviewees 

Date 

1 Block Development Office (Rajarhat & Salt 

Lake) 

1 12th March 2024 

2 ERM Environmental Consultancy 1 17th March 2024 

3 East Kolkata Wetland Management Authority 1 21st March 2024 

4 Presidency University, Kolkata 1 06th March 2024 
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3.4.3.  Sampling technique 

In this study, a òpurposive sampling techniqueó has been used. Purposive sampling involves selecting 

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

context (Creswell, 2009). In this case, the stakeholders were chosen based on their expertise, involvement 

in flood mitigation activities, and geographical location within the EKW to obtain information about 

urban floods and discuss NbS interventions. The stakeholders are those who have a vested interest in the 

decision-making process or are impacted by the outcomes of the decisions and policies. Hence, the key 

informants and the local inhabitants are considered stakeholders in this case. The sample size was 

adequate to give the collected data significant depth and richness (Campbell et al., 2020; Valerio et al., 

2016). According to study materials and literature, a sample size sufficiently large to reach saturation 

occurs when more data collection does not yield new findings or understandings (Creswell, 2009; Valerio 

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

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

1) The key informants (the government officers, planners, researchers, policymakers, etc.) who have 

a level of technical expertise, knowledge and experience at the ground level and can provide 

reliable information that will enrich the data with authentic technical information. 

2) The second stakeholder group is the residents of the study area, who are the people experiencing 

the floods. The inputs gathered from 1% of the total population of the total population (i.e.,1% 

of 1500000=15000) is not a feasible choice with the limited time and resources. Hence, a sample 

size with a diverse response that prevents bias has been undertaken. 

When a certain level of saturation in the data was reached, the survey was analyzed. The saturation of the 

survey data was estimated by analysing the answers to certain questions present in the general 

questionnaire, like the source(s) of inundation, ownership of property, types of Nbs interventions (existing 

and suggested), etc. The collection of responses through the survey was stopped when not many new 

responses were obtained, and the general trend of responses was clear. These distinct groups of 

stakeholders were addressed using two distinct kinds of data collection methods: questionnaires and semi-

structured interviews. The study area residents participated in the former, and the stakeholders with 

technical understanding participated in the latter. The stakeholders were classified based on their 

importance and influence using the stakeholder classification matrix (Boerboom, 2023) provided below. 
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Figure 17: Stakeholder Classification Matrix. Source: Author, (2024) 

3.5.  Data Analysis Tools 

This section deals with the methodology applied to answering the different research questions. To achieve 

this goal, both primary and secondary data obtained from the field have complemented each other. The 

Satellite images for the three years (2001,2010 and 2021) were obtained from USGS Earth Explorer. The 

month of the acquisition was kept the same for all three images to avoid biased results. After this, a land 

use/ land cover analysis was performed for the study period. This step was subsequently complemented 

by a change detection to quantify the area covered by built-up, vegetation and other distinct land cover 

classes. The process ends with visualising the flood-affected areas (obtained from the SMCA) and 

landcover change map and deriving a visual comparison between the two. The SMCA map was shown to 

the key informants, aiding in primary data collection. Appropriate NbS interventions were suggested based 

on the field data and outcomes 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 their aims. The SMCA was also used as a data analysis tool 

to aid in the identification of suitable areas for NbS implementation. This research stage was followed by 

the second objective, which delved into a deeper layer to explore suitable NbS measures and the 

appropriate locations that fit the same. Suggestions based on the fieldwork outcomes and relevant 

literature have been provided. The table provided below (Table 3) shows the research matrix. 

 

Table 3: Research Matrix 

Research Question Methodology Data required Software/tool 

Sub-objective 1: To determine the relationship between urban growth and urban flooding. 

How and to what extent 

has the land cover 

(exposure) of East Kolkata 

Land cover change 

analysis (Digital 

Image 

Landsat images (2001-

2021) 

Arc GIS Pro, Arc Map 

10.7, ENVI 
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Wetlands changed in the 

last two decades (2001-

2021)? 

Classification) 

Is there a relationship 

between urban expansion 

(impervious surface 

development), rainfall, 

change in slope and 

shrinkage of wetlands, 

and urban flooding?   

Overlay Analysis 

of Land Cover 

Maps and Flood 

Maps 

Land cover change, 

DEM, and rainfall 

maps  

Arc GIS Pro, Arc GIS 

10.7 

What is the frequency of 

flood events from 2001 to 

2021 (Hazard 

patterns)? (measure: 

Observed by the public 

authorities and registered 

in the information 

system) (remove the 

question from the 

questions)   

Represent the 

major rainfall and 

cyclone events 

over the last 2 

decades. 

Rainfall data, SRTM 

Data for DEM, and 

Disaster records from 

the West Bengal 

Disaster Relief Plan 

(WBDRP) 

Arc GIS Pro, Q GIS 

Sub-objective 2: To explore the suitable NbS measures for the target areas based on their socio-

physical characteristics. 

Which areas can be fit for 

NbS measures with regard 

to their physical 

characteristics?  

Spatial multi-

criteria analysis 

DEM, water bodies, 

land cover analysis 

results, building height, 

population density, 

vegetation cover 

Arc GIS Pro, Arc GIS 

10.7. Q GIS 

What are the land use and 

ownership characteristics 

of the target areas? (to 

identify the areas fit for 

NbS) 

Land use analysis Building type Arc GIS Pro, Q GIS, 

Google Earth 

According to the literature, 

what are the existing NbS 

measures that the area 

has?  

Overlay analysis SMCA and Land use 

analysis outcomes 

Arc GIS Pro, Q GIS, 

Which of the suitable NbS 

measures shall be 

appropriate in the target 

areas to reduce the impact 

of urban floods?   

Literature review SMCA and Relevant 

literature 

 

Sub-objective 3: To investigate the extent of NbS applicability by using a participatory planning 

approach. 

What are the existing NBS Document review Master Plans, flood Atlas.ti 
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measures (if any) stated in 

the master plan/ flood 

mitigation/ disaster 

mitigation plans 

Who are the information 

providers? 

Designing a 

Stakeholder 

classification 

matrix 

Participatory planning 

decision framework for 

stakeholder selection 

Excel 

What is the perspective of 

the stakeholders and the 

governing bodies regarding 

the integration of NbS in 

existing spatial plans 

(perceived benefits and 

drawbacks)? 

Qualitative analysis Primary Data Microsoft Word, Atlas. 

ti 

How to measure peopleôs 

ownership of Nature-based 

solutions (priorities of 

stakeholders versus 

citizensô needs) 

Online 

Questionnaire 

Survey and 

Qualitative analysis 

by integrated 

assessment method 

Analysis of the 

citizenôs responses as 

well as the interviews/ 

Discussion transcripts 

Microsoft Word, 

Atlas.ti, 

Survey responses and 

Audio records 

Sub-objective 4: To assess the effectiveness, feasibility, benefits and drawbacks of NbS urban flood 

mitigation in the EKW region. 

How do stakeholders 

perceive the effectiveness 

and feasibility of 

implementing NbS in 

flood-prone areas, 

considering socio-

economic factors? 

Survey and 

qualitative analysis 

by integrated 

assessment method 

Analysis of the 

citizenôs responses as 

well as the interviews/ 

Discussion transcripts 

Survey responses and 

Audio records 

What are the potential 

environmental and social 

benefits and drawbacks of 

implementing NbS in east 

Kolkata, and how do they 

compare to conventional 

flood management 

strategies?  

Literature review, 

survey and 

qualitative analysis 

by integrated 

assessment method 

Literature review, 

analysis of the citizenôs 

responses as well as the 

interviews/ discussion 

transcripts 

Relevant literature, 

Survey responses and 

Audio records. 

What are the key factors 

influencing the adoption 

and acceptance of NbS 

among stakeholders in the 

context of urban flood 

management?  

Survey and 

qualitative analysis 

by integrated 

assessment method 

Analysis of the 

citizenôs responses as 

well as the interviews/ 

Discussion transcripts 

Survey responses and 

Audio records 

How can the insights from 

stakeholders be integrated 

Survey and 

qualitative analysis 

Analysis of the 

citizenôs responses as 

Survey responses and 

Audio records 
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into decision-making 

processes to enhance the 

effectiveness and 

acceptance of NbS 

implementation?  

by integrated 

assessment method 

well as the interviews/ 

Discussion transcripts 

 

3.5.1. Sub-objective 1: To determine the relationship between urban expansion and urban flooding. 

To find solutions to the first objective, a land use/ land cover analysis and a landcover change detection 

on a decadal interval were done during the study period.  

3.5.1.1. Land use /Land cover Analysis 

 

The land use/land cover classification was done using Landsat 5 images for the years 2001 and 2011 and 

Landsat 8 images for 2021. Landsat satellites are widely used for remote sensing in academic fields due to 

their long-term multi-spectral imagery acquisition capability. The images are open source and downloaded 

from the United States Geological Surveyõs Earth Explorer portal (USGS). The choice of Landsat 5 

images for 2001 and 2011 and Landsat 8 images for 2021 was made because of the duration of these 

missions. Landsat 5 mission was launched in 1984 and ended in 2013, providing an image for 2001 and 

2011, which are important years in the study period. Landsat 8 mission was started in 2013 and continues 

to date, from which the images for 2021 were acquired (USGS,2024). The details about specific bands and 

their wavelength and resolution have been provided in Tables 4 and 5. Table 6 provides insights into the 

dates of image acquisition and the number of bands used in the land use/land cover analyses. 

Table 4: Landsat 5 Thematic Mapper TM Spectral Band Characteristics 

Band Band Name Wavelength (Õm) Spatial Resolution (m) 

Band 1 Blue 0.45-0.52 30 

Band 2 Green 0.52-0.60 30 

Band 3 Red 0.63-0.69 30  

Band 4 Near Infrared (NIR) 0.76-0.90 30 

Band 5 Shortwave Infrared 

(SWIR1) 

1.55-1.75 30 

Band 6 Thermal 10.40-12.50 120 (resampled to 30) 

Band 7 Shortwave Infrared 

(SWIR 2) 

2.08-2.35 30 

 

 

Table 5: Landsat 8 OLI-TRS Spectral Band Characteristics 

Band Band Name Wavelength (Õm) Spatial Resolution (m) 

Band 1 Coastal Aerosol 0.43-0.45 30 

Band 2 Blue 0.45-0.51 30 

Band 3 Green 0.53-0.59 30 

Band 4 Red 0.64-0.67 30 

Band 5 Near Infrared (NIR) 0.85-0.88 30 

Band 6 Shortwave Infrared 1.57-1.65 30 
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(SWIR1) 

Band 7 Shortwave Infrared 

(SWIR 2) 

2.11-2.29 30 

 

Table 6: Image Details 

Date of 

Acquisition 

Path/row Satellite Sensor Spatial 

resolution (m) 

Total number 

of Bands 

13/02/2001 138/044 Landsat -5 Thematic 

Mapper [TM] 

30 7 

09/02/2011 138/044 Landsat-5 Operational 

Land Imager 

(OLI) and 

Thermal 

Infrared Sensor 

(TIRS) 

30 11 

13/2/2021 138/044 Landsat-8 Operational 

Land Imager 

(OLI) and 

Thermal 

Infrared Sensor 

(TIRS) 

30 11 

 

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) classification. The process 

started with image processing, followed by training data selection using the traditional parametric 

technique. Each class was represented by a statistically significant number of training samples with a 

normal distribution of the number of training samples representing each class being similar. To ensure 

statistical significance, the chosen samples were checked if they were enough to cover the variability within 

each class and avoided biases. The parametric method of image classification was employed in this case 

due to its simplicity, effectiveness and efficiency. Parametric models, being more robust to noise and 

outliers compared to more complex models, are commonly used in Image classification (Deilmai et al., 

2014). Finally, supervised Maximum Likelihood Image Classification (MLIC) or Support Vector 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 spectral signatures derived 

from Landsat Imagery (Research question 1. a).  

3.5.1.1.1  Methods of Classification and their significance in this study 

Maximum Like lihood Classification 

The maximum Likelihood Classification method uses probability 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 for multi-spectral data with known statistical properties (ESRI, 

2024). In this study, the 2001 Landsat 5 image was classified using this method and gave the highest 

accuracy compared to other methods. When applied to the images for 2011 and 2021, the same method 
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did not give high accuracy and consisted of many misclassified areas. Hence, a uniform method could not 

be employed to classify all 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 space, maximising the margin between them. This classification method is useful for 

classification tasks where classes are not normally distributed or when class separation is complex 

(ESRI,2024). In this case, the second reason stood valid and yielded more accurate results for the years 

2011 and 2021 compared to the Maximum Likelihood Classification. Compared to Maximum Likelihood 

Classification, SVM is computationally less extensive and minimizes the number of misclassifications 

(Deilmai et al., 2014). However, when applied to 2001, to ensure uniformity, the accuracy was lower due 

to the less distinguishable distribution of classes of the multi-spectral image of Landsat 5. 

 

Through these steps, the Land use/ land cover classification facilitated the change detection of the study 

area over the study period of twenty years (2001-2021). The Limitations leading to the low accuracy of the 

Land use/ Landcover map 2001 have been elaborately discussed in the discussions (Section 5.1). The land 

use/land cover maps for each year have been provided in the results section to provide comprehensive 

and comparative insight into each map with progressing time. The confusion matrix showing the accuracy, 

kappa value, errors of omission, and the commission has been provided in Annexe 4. 

3.5.1.2.  Land Use/ Landcover Change Detection  

The land use landcover maps were further developed to separate change detection maps from quantifying 

the percentage area covered by different land use/landcover types. This step was done in ArcGIS Pro 

using the Change detection wizard, where the individual classified raster layers were overlaid, and the land 

cover change maps were obtained. The change detection process employed in this study is categorical 

change detection, which computes a pixel-wise change between two thematic maps (ArcGIS,2023). In this 

process, 2001 was taken as the base year, on which the 2011 LULC map was overlaid, and subsequently, 

2011 was taken as the base year for analysing the landcover change for 2021. During the change detection 

process, the class configuration was set to ôchanged onlyõ, and the colour transition method was set to 

average, ensuring a smooth transition of colours between the different classes and avoiding sharp colour 

contrasts. No 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 derived as a map, and the quantitative change was obtained in 

the attribute table, with the details of the classes and the area of change in square metres (default), which 

was later converted to Hectares. The different Landcover change maps have been provided in the results 

section with interpretations (Research question 1. a). 

3.5.1.3.  Flood event mapping 

The major flood events between the years 2001 and 2021 were obtained from government records, annual 

flood reports, relevant literature, and newspaper articles. The names of the areas affected by floods in the 

period of study were obtained from public records and newspaper archives (Research question 1. c). These 

points were located using Google Earth Pro. Places such as Salt Lake Sector I and V, New Townõs Action 

Area 1, Rajarhatõs Hatiara and Chinar Park area and some places near the Kestopur canal were identified.    
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Figure 18: Locations geotagged by years of water logging according to public records and news archives. 

The relationship between the distinct yet closely interrelated processes of urban expansion, rainfall, change 

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 events (Research question 1.b). Further elaboration of these 

processes has been provided in the next chapter (Results). An attempt has been made to analyze the annual 

rainfall (in mm) for the study period and note the major events which witnessed high precipitation in 24 

hours. 

 
Figure 19: Annual Rainfall (in mm) from 2001-2021. Source: IMD 
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Figure 20: Peak precipitation (in mm) from 2001-2021. Source: IMD 

Table 7, with the summary of annual rainfall and major flood events, has been 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 provided in the map of waterlogging records (Fig.35) are slightly different from 

the above graphs (Figures 20 and 21). 

Table 7: Years, annual rainfall, peak (24 hours) and dates. Source: Annual Flood Reports (2001-2021); Rainfall 
Statistics of India (IMD) (2014-2021) 

Year Rainfall in (mm) In a Day Peak Date 

2001 1837 270 18th September 

2002 1750 -- 20th September 

2003 1650 -- -- 

2004 1703 -- -- 

2005 1765 944 26th July 

2006 1926 218.44 22nd September 

2007 1650 174.4 25th September 

2008 1750 142 September 

2009 1800 -- August 

2010 1750 -- -- 

2011 1763 154.9 18th June 

2012 1856 -- -- 

2013 1750 105 25th October 

2014 1241 -- -- 

2015 1809 143.7 10th July 

2016 1857 132 6th September 

2017 2061 -- -- 

2018 1562 -- -- 

2019 1769 -- -- 

2020 1656 236 20th May 

2021 2112 -- -- 
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3.5.2. Sub-objective-2 To explore the suitable NbS measures for the target areas based on their socio-physical 
characteristics.  

3.5.2.1. Spatial Multi-criteria Analysis 

This research undertook a spatial multi-criteria analysis as a preliminary step before the fieldwork. The aim 

of this method was to create a spatial index composed of multiple indicators for 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 and selecting a set of relevant indicators. After the selection, individual 

maps for each indicator were produced. The value of each indicator was expressed between 0-1. Fig. 22 

highlights the SMCA concept in GIS environments (Rikalovic A & CociĻ I, 2014). 

 
Figure 21:  A demonstration of Spatial Multi-criteria Analysis. Source:Rikalovic A & CociĻ I, 2014 

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

The SMCA workflow provided in Fig.23 shows the different indicators used for the SMCA analysis and 

the maps obtained therefrom. 
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Figure 22: SMCA Workflow. Source: Author, (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 ranging 

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 maps were tailored to be compatible with the overlay by reclassification. 

This process was initiated to convert all raster values into integers before carrying out the standardization. 

The step followed after reclassification was standardization. In this study, each indicator was categorized 

either into cost or benefit. The cost or benefit was determined based on the variable's influence on urban 

flooding. The list of indicators, classification (cost/benefit), and rationale are provided in a detailed table 

in Annexe 1. As represented below, different calculations were done for costs and benefits using the 

formulas for the standardization method (Flacke, 2023, p.6): 
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Cost Criterion 

ὢ ρ
ὛὧέὶὩὒέύὩίὸ ὛὧέὶὩ

ὌὭὫὬὩίὸ ὛὧέὶὩὒέύὩίὸ ὛὧέὶὩ
 

Benefit Criterion 

ὢ
ὛὧέὶὩὒέύὩίὸ ὛὧέὶὩ

ὌὭὫὬὩίὸ ὛὧέὶὩὒέύὩίὸ ὛὧέὶὩ
 

 

Source: Flacke 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 expounded by Kayadibi & Aydal (2017), entails 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 across multi-faceted spatial 

analyses(Rikalovic A & CociĻ I, 2014). Following a standardization process, each indicator received 

uniform weight, thereby ensuring equal representation in the model. The adoption of ArcGIS tools, such 

as weighted sum, facilitated the seamless execution of the weighted summation. The concept of weighted 

summation, when the cell values are multiplied by their weight factor, is represented in Fig.24 below. 

 
Figure 23: Illustration of weighted sum. Source: (ESRI,2021.)  

 

3.5.3.1 Identifying areas fit for NbS interventions 

The areas fit for Nbs interventions were identified through SMCA and flood event mapping, 

complemented by fieldwork data. Ten areas that are susceptible to flooding were identified using variables 

such as rainfall, built-up, elevation, slope, and vegetation cover. Areas with high susceptibility to flooding 

and a record of past urban flood events were identified (Research question 2. a). This approach provided a 

clearer insight into the physical characteristics of highly vulnerable local areas, aiding in effectively 

identifying target areas. Out of the ten identified target areas, three (Flood Areas 1,2, and 8) were excluded 

from the study due to greens, stakeholder inputs and ongoing political disturbances in some areas during 

the fieldwork. The target areas had diverse land use and ownership characteristics. Although concrete 

cadastral data was unavailable, the data obtained from the field and interviews of the local experts proved 

to be helpful. Land ownership is a critical component in urban planning research, as stakeholder 

involvement and the scale of the project depend on clear ownership knowledge. Land ownership 

considerations were integrated into the NbS recommendations provided in this study, which relied on 

local knowledge and stakeholder inputs due to data limitations (Research question 2. b). Data on existing NbS 
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measures were collected through general questionnaires and semi-structured interviews, providing a broad 

spectrum of existing practices (Research question 2. c). 

Local socio-physical characteristics, including building types, availability of open spaces and roof types 

determined suitable Nbs measures for each target area. These interventions were tailored to the specific 

typologies of NbS, indicating the degree of stakeholder engagement. Acknowledging the socio-economic 

diversity of the study area, the interventions aim to cater to the local needs, promoting inclusivity, equity 

and sustainable development (Research question 2. d). 

3.5.3. Sub-objective 3: To investigate the awareness of the study areaõs stakeholders of NbS and their 
willingness to invest in NbS.  

To investigate the awareness and willingness of the stakeholders of the study area, both general survey and 

the semi-structured interviews played a crucial role. This dual approach of data collection provided a 

comprehensive understanding of the stakeholdersõ knowledge and engagement with NbS. While the 

surveys provided a broader view, the interviews allowed a nuanced analysis. The combined quantitative 

and qualitative data (Quan+qual) enabled a richer understanding of the awareness and willingness levels 

across different stakeholder groups (Research questions 3. a and b). 

The stakeholder awareness was also measured by asking questions related to existing government 

initiatives on NbS or their involvement in Nbs-related activities (Research question 3. a). Semi-structured 

interviews were conducted to understand the perspectives of the local governing bodies on integrating 

Nbs into spatial plans and urban governance frameworks (Research question 3. c). These interviews facilitated 

a broad understanding of their willingness to adopt and invest in NbS for urban flood mitigation. The 

willingness of the local residents to invest in NBS measures was assessed using various methods such as 

questions on the Likert Scale, informal discussions and open and close-ended questions about existing 

greens in homes and neighbourhoods (Research question 3. d). 

3.5.4.  Sub-objective 4: To assess the effectiveness, feasibility, benefits, and 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 in areas with high flood susceptibility. A literature 

review was done along with the data collection using the general survey and semi-structured interviews 

(Research question 4. a). During the semi-structured interviews, the stakeholders were presented with the 

SMCA mao, followed by detailed discussions, providing comprehensive insights into NbS feasibility and 

effectiveness. Visual aids such as pictures of NbS interventions helped the interviewees have a clearer 

understanding. The audio recordings and transcripts of these interviews were analyzed in Atlas.ti software, 

extracting meaningful information through text search, sentiment analysis, and correspondence analysis, 

which were then coded with relevant keywords. The semi-structured interviews targeted the technical 

audience (key informants) to explore the benefits and drawbacks of NbS interventions in East Kolkata 

(Research question 4. b). These discussions, stored as transcripts and audio records, were analyzed in Atlas.ti 

software using multimodal conventional content analysis methods (Hsieh & Shannon, 2005; Serafini & 

Reid, 2023). 

3.6. Ethical Considerations and Risks 

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). A written introductory document provided by the university had been 

shared with all relevant human participants, stakeholders, and organisations taking part in the research. 

The research had a mixed methodology of qualitative as well as quantitative data collection, which was 

achieved by the following ways: 
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1. The qualitative data obtained from the semi-structured interviews, which were elaborated and had 

detailed information, were recorded with consent of the participants after making them aware of 

the data protection and strict anonymity. The audio and transcripts of the interview were recorded 

in MS Teams, using the Universityõs business subscription, which has a higher encryption and 

data protection. This data can only be accessed by the researcher and the supervisors (upon 

sharing). The device in which the data was stored, was protected by a strong password. The 

device also had access to ôPõ Drive, where the data was stored. The ôPõ Drive is a storage provided 

by the University of Twente for staff and students, protected by a strong password. 

2. The quantitative data, using which the statistical analyses were carried out, were obtained from a 

survey made using Kobo Collect software, a General Data Protection Regulation (GDPR) 

compiled software. The GDPR, laid down by the European Privacy Law, ensures that the data 

obtained from people, which has the potential to trace back to the personõs name or identity 

(which falls under GDPR), is dealt with lawfully and responsibly (University of Twente2018). 

Kobo toolkit software has been approved by this law and has hence been used to collect data 

from the field. The data subjects (participants) were transparently informed about the data 

processing and usage. The introductory letter and the informed consent form used during the 

fieldwork are in Annexe-3. 

The researcher took full responsibility for lucrativeness and practicability in data without harming the 

social, political, or human rights of the individual or group (APSA Council, 2020). The work was carried 

out by providing clear information to all the people participating in surveys or other data collection 

purposes. Adherence to all ethical protocols, including the dissemination of relevant information to all 

human participants, was carefully taken care of (Kapiszewski & Wood, 2022). F.A.I.R (Findable, 

Accessible, Interoperable, Reusable) use of data collected from the field was of paramount importance. To 

ensure findability, the folders and the data containing them were named in a way so that the name itself 

describes the data it contains (e.g. Thesis> Data> Satellite Images> Landsat 2001>LT05é). For ease of 

accessibility and interoperability, the metadata was named in an understandable, formal and broadly 

applicable language (English). The data complies with all the rules laid by the University and has a clear 

usage licence, providing accurate information and fostering reusability. Safeguarding the privacy and 

anonymisation of all intervieweesõ profiles was duly considered and observed by renaming the transcripts 

with interviewee numbers instead of names and designations.  

The risks and impacts that might be a byproduct of this research are the reduction of land value in the 

areas that are identified as areas susceptible to urban flooding and similar ones. However, one of the 

mitigation strategies to prevent this kind of risk, the level of spatial detail, has been adjusted by providing 

aggregate locations of the flood areas in the maps.  

Data reusability has also been ensured in this study by storing the data for a period of ten years, accessible 

only to the researcher and the supervisors. According to the Data Policy of the University, the data will be 

stored in password-protected cloud storage provided by UT-ICT Services (LISA), Known as the Research 

Information System (RIS), which is an ISO 27001 and NEN 7510-certified facility (University of Twente, 

2018). If  the data is stored in personal cloud storage, Surf Drive was used, as it is approved by the Dutch 

and European privacy legislation. The data has been kept in cloud storage (MS Teams) for extra personal 

safety. 

The research was completed within the stipulated time of six months, with the decision of the topic, the 

proposal submission, effective communication with the supervisors, timely completion of the fieldwork, 

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

 

This chapter presents the findings of the research on the shrinkage of the east Kolkata wetlands and the 

occurrence of urban floods. The results derived from the land use land cover analysis, SMCA analysis, and 

the information obtained from the fieldwork are provided in different sections. The results inform 

possible ways of integrating nature-based solutions in the study area, which has the potential to reduce the 

impact of or mitigate urban flooding. 

 

4.1. Sub-objective 1: To 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 question 1. a. How and to what extent has the land cover of east Kolkata Wetlands Changed in the 
last two decades (2001-2021)? 

4.1.1.1.  Land use /Land cover Analysis. 

The land use/land cover of the study area was analysed for 2001, 2011 and 2021, respectively. Before the 

cities were planned, the land cover of the study area was dominated by swamps, farmlands, and water 

bodies. A staggering amount of built-up growth and concretization has been observed with the passage of 

each decade. In the land use/ land cover map of 2001 (Fig.25), it is observed that Salt Lake City was the 

only city situated on the western part of the study area, adjacent to the East Kolkata Wetlands. Parts of 

Rajarhat comprise a sparse built-up largely connected to and radiating from Salt Lake. The land use land 

cover classification accuracy for 2001 was 79.5% using Maximum Likelihood Classification. The accuracy 

of 2011 and 2021 are 91.5% and 96.3%, respectively, using the Support Vector Machine Method. Five 

classes were used for land use/ land cover classification: vegetation, built-up, agriculture, water, and open 

land. The confusion matrix with kappa values has been provided in Annexe 4. The Table provided below 

(Table 8) explains each land cover class and their descriptions according to Adeola Fashae et al. (2020) and 

Molla (2018) 

Table 8: Land cover classes and their description. Source: (Adeola Fashae et al., 2020) 

Land cover class Description 

Vegetation Densely vegetated areas 

Built-up Buildings, roads, pavements and other concrete 

surfaces 

Farmland Agricultural areas, areas with less vegetation 

(grasses, small plants and shrubs) 

Water Waterbodies, swamps (which have water during 

some periods of the year) 

Open land Bare land with minimal vegetation or exposed soil 

 

 The outcomes of the land use/ land cover analyses (2001-2021) are provided in Fig.25,26 and 27. A 

comparative image of the three years is provided in Fig.28. 
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Figure 24: Land use/ Landcover Map 2001. Source: Author,(2024) 
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Figure 25: Land use/ Landcover Map 2011. Source: Author, (2024) 
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Figure 26: Land use/ Landcover Map. Source: Author,(2024) 
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Figure 27: Comparative picture of Land use/ Landcover Maps 2001-21. Source: Author,(2024) 

In the Spatial pattern, it was observed that built-up growth and concretization are among the most 

dominant factors. Unplanned growth of the peripheral areas of the planned cities, which are mostly 

inhabited by the marginal sections of the society, often encroach into the natural spaces. The map of 2001 

shows the built-up concentration in Salt Lake City, which was planned under the supervision in the 1960s 

by the then Chief Minister Dr Bidhan Chandra Roy with a Dutch engineering firm, NEDECO, to build a 

city in the low-lying, saucer-shaped land in the north-western end of the East Kolkata wetlands (Rumbach, 

2011b; ToĢkoviĻ, 1964). This city was planned to cater 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 to as Dr Royõs Wonderland, was planned with the sole motive of providing housing to 

middle and low-income families by elevating the low-lying marshy land and brackish (Salt lakes) by òcut 

and fill methodó where land from other areas was dug and filled in these areas. The soil was also obtained 

by dredging the Hooghly River. The land was elevated by mixing it with water pumped from the Hooghly 

River to the wetlands by a process called Hydraulic filling (Rumbach, 2011b). This was followed by the 

rise of New Town, which was planned between 1999 and 2006 (West Bengal Housing Infrastructure 

Development Corporation(WBHIDCO), 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 clusters. The urbanisation processes within these two cities and Rajarhat are 

ongoing processes that are taking more of the green and blue spaces into the built-up land cover type. As 

evident from the above maps, if the built-up growth continues unplanned, the cities will keep growing 

outward, engulfing more natural areas, and increasing the vulnerabilities and urban flood-associated risks 

(Rumbach, 2011). 

 

4.1.1.2. Land Use/ 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 in 

the study area. The specific classes that changed to built-up were considered while analysing the land cover 

change for the study period. Hence, the land cover change detection map presents four major land cover 

classes and their changes. The four classes of land cover change are farmland to built-up, open land to 

built-up, vegetation to built-up, and water to built-up. The class named Water to Build-Up shows the 
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reason behind the diminishing water bodies in the study area. The map showing the different land cover 

changes is provided below in Figures 30 and 31 respectively. 
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Figure 28: Land use/ land cover change detection Map 2001-2011. Source: Author, (2024) 
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Figure 29: Land use/ Land cover change detection map 2011-2021. Source: Author, (2024) 




























































































































