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Abstract

Preface

Urban water bodies have always been playing a vital role in the water management
system of Indian cities. Wetlands in the surroundings of cities function as stormwater buffers, storing large quantities of rainwater during the wet season. Besides
that, wetlands have to a certain extent the capacity to purify urban wastewater.
Despite the provisioning of these important functions to urbanized areas for free,
the current speed of urban wetland degradation in India is alarming. Wetlands in
the periphery of urban areas are regarded in India as non-valuable wastewater,
resulting in the two predominant causes of degradation: (1) the intrusion of urban
settlements and (2) a polluted inflow originating from the city.

The design-oriented thesis which lies in front of you, has been written as completion
of the Master Landscape Architecture at the Wageningen University, in collaboration with the landscape architecture and urbanism group of ARCADIS. With the
financial support of the Young Expert Programme (YEP), it was possible for me to
be engaged with the Smart City Project in Guwahati, India. Besides working on this
project as an employee of Arcadis, I collected data in Guwahati for the purpose of
my thesis for the duration of one year.

In Guwahati, located in the north-eastern part of India, most water bodies in and
around the city have been lost, or are in danger, due to the rapid growth of urban
areas. Although recognized as an internationally important Ramar wetland, the
last major retention buffer of Guwahati, called Deepor Beel, is a great example
of a wetland that is severely affected by the consequences of rapid urbanization.
The Urban Green Infrastructure (UGI) approach is introduced to secure the future
sustainability of Indian cities. A multi-functional and interconnected UGI network
potentially promotes the sustainable development of urban wetlands, by anticipating on the two major causes of urban wetland degradation in India. On one
hand, sustainable development is promoted by guiding urban development and,
on the other hand, by purifying the urban wastewater inflow.
To bridge the gap between the theoretical and practical realm in wetland design
and conservation, spatial design guidelines are generated. First, practical measures
have been defined by conducting a reference study of two Indian Ramsar wetlands.
Secondly, the results have been supplemented by means of a literature study.
Thirdly, the applicability of these interventions to either guide urban development
or purify wastewater has been evaluated based on an analytical framework. Additionally, the outcomes have been translated into six preliminary design guidelines.
As a next step, the case study area was analysed in an extensive way. This analysis
enabled the implementation of the preliminary design guidelines.
The applicability of these guidelines in practice was tested in the case study area
Deepor Beel. After being tested, a total of five design guidelines remained. For
guiding urban development, these design guidlines are 1) public waterfront and
2) green-blue corridor. For purifying urban wastewater, the final design guidelines
were 1) bioswale, 2) constructed wetlands and 3) riparian buffer zone. It can be
concluded that the integration of green-blue and grey solutions provide the best
results.
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CHAPTER

INTRODUCTION

Chapter image   Drone image of an urban ‘flash flood’ in Guwahati, taken in August 2018
(author's collection)

1

Introduction

1.1.2 Case study introduction

1.1 MOTIVATION
1.1.1 Living and working in India

of June, however, the weather changed dramatically, and by
the time I left the hotel, it had been raining continuously for
more than three hours. The main road in front of the hotel
had changed in a wild and smelly river of more than half a
meter deep.

The Guwahati Smart City Program
In June 2015, the Indian government launched a national
initiative called the Smart City Program. The aim: increasing
the quality of life in 100 cities throughout the country and prepare them on the consequences of rapid urbanization. (Aijaz,
2016) One of these cities was Guwahati, the capital city of the
north-eastern state Assam. At the start of the project in Guwahati 2015, the Smart City team in Guwahati had expressed
its aspiration to focus on the cities non-functional water management system. Guwahati, one of the fastest-growing cities in
India with over a million inhabitants in 2015, still lacks a sewage
network and a properly working drainage system. (Hemani &
Das, 2016)

After asking around among colleagues from the local
company Arcadis was working with, I concluded that these
urban ‘flash floods’ were a real-life endangering threat to the
residents of Guwahati. A yearly recurring natural disaster of
which people are in general more afraid of then the frequently
occurring earthquakes or the yearly happening leopard attacks
in the hills surrounding the city. People even do fear the floods
more than the dynamic and deadly Brahmaputra river, with a
water level fluctuation at Guwahati of more than nine meters
between the dry season and the monsoon period. (Alam et
al., 2001)

Initially, the project was split-up in five sub-projects to address all aspects of Guwahati’s water system: The so-called
Area Based Developments (ABD). Arcadis, where I did my internship in the first half of 2017, was involved in three ABD’s:
(1) The revitalization of a water body in the city centre, (2) the
design for a new, six-kilometre-long riverfront on the Southern
bank of the Brahmaputra river, and (3) the conservation of an
important natural wetland close to the city.

Case study selection
How is it possible that a natural area, that guarantees
many direct and indirect benefits for human-beings and that
has been acknowledged by the world-leading organization
for wetland protection, is treated like a wasteland by both
the public as well as officials? Moreover, is this a general problem observed in the vicinity of more cities in India, and if so,
what practical measures have been taken to secure a future
for those wetlands? And finally, what difference could I make,
as a student landscape architecture, in the conservation and
restoration of Deepor Beel?

Wetland Deepor Beel gained my special interest from the
beginning (Figure 1) . While most urban water bodies in and
around Guwahati have been transformed into other land uses
during the twentieth century, the cities' largest wetland Deepor Beel seemed to be spared. (Hemani & Das, 2016) As a remnant of a former course of the river Brahmaputra, permanent
freshwater wetland Deepor Beel, as described by Alam, Das,
& Borah (2001), has a rich diversity in flora and fauna. Among
the animals found in and around the wetland is a huge variety
of globally threatened residential and migratory bird species,
attracting eco-tourists from all over the world. Besides, Asian
elephants living in the adjacent hills utilize the wetland as a
feeding ground, reaching the wetland by the same corridors
for centuries (Figure 3). On top of that, the wetland functions
as the major stormwater reservoir for the city of Guwahati.
(Deka et al., 2011)

These questions have been the motivation to choose urban wetland Deepor Beel, as the topic of my design-orientated
master thesis in Landscape Architecture.

Ramsar site
However, since the end of the previous century, the decay
of Deepor Beel has set in motion. Anthropogenic activities
started to affect the periphery of Deepor Beel. To secure the
future of Deepor Beel, the wetland was designated by ‘The
Ramsar Convention’ as an internationally protected wetland
in 2002, which let Deepor Beel belonging to a select group
of twenty-six Ramsar sites in India. (Islam & Rahmani, 2008)
Established in 1971, the Ramsar Convention aims to provide a
framework for the conservation and sustainable use of wetlands all around the world. (Ramsar Convention Secretariat,
2010)
Despite the designation of Deepor Beel as a wetland with
international importance and the recognition as an important
bird and wildlife sanctuary in India, garbage dumping and the
inflow of contaminated wastewater from urban areas continues to affect the condition of the water. Consequently, the
area overgrown by (exotic) fast-growing aquatic vegetation,
such as water hyacinth, greatly increased due to higher levels
of nutrients in the water. (e.g. Basistha, 2016; Mozumder et
al., 2014) At the same time, an uncontrolled and unplanned
urban sprawl drastically changed the land use of the wetland.
Especially at the edges of the wetland, many new warehouses,
institutional buildings and privately owned hotels have been
constructed. (Center for Science and Environment, 2016; Deka
et al., 2011) This caused a decrease in the water spread during
both the dry as well as the wet season, described in the figure
as ‘open water’ (Figure 2). (Mozumder et al., 2014)

First flood experience
While working as a landscape architect intern for design
and engineering firm Arcadis on the Smart City Program, I got
the opportunity to visit this part of India at the beginning of
May 2017. During my stay, I visited among others a hill station
called Cherrapunji: the second wettest place on earth with an
average yearly rainfall of almost twelve meters. Most precipitation falls in the monsoon period, which extends in the remote
north-eastern part of India from May till the end of September.
While I was staying in quite a luxurious hotel in the suburbs of
Guwahati, along with pleasant weather conditions, it was hard
to believe that all main roads in the city would be submerged
for several hours after a severe monsoon shower.
In June 2018, leaving the same hotel after more than a
year since my first visit, changed my perspective on floods in
urban areas completely. I had been working in the hotel, because of a power cut in the regular office a few blocks away;
an ‘incident’ that happens frequently in Guwahati throughout
the year. As an employee of Arcadis, I had been working on
the Smart City Program in Guwahati for the last eight months.
Till then, the climate had been pleasant: mostly sunny with an
average temperature of 24 degrees Celsius. From the start

Figure 1  Geographical location of Deepor Beel (adapted
from Hemani & Das, 2016)
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Figure 2  Cover-type distribution in Deepor Beel, with area

statistics in km², of 1989, 2001 and 2011 (left) and the absolute
change of the cover-type over the periods 1989-2001 and 20012011 (right) (adapted from Mozumder et al., 2014)

Figure 3  A group of wild Asian elephants taking a bath in wetland Deepor Beel. (Photograph made by Jayaditya Purkayasthai)
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1.2 RESEARCH INTRODUCTION
1.2.1 Problem statement

ecosystems, even though those areas are often beyond the
boundaries of the city. (Lovell & Taylor, 2013) However, the
value of swampy, low-lying areas around cities, also called
urban wetland areas, to increase the sustainability of cities
is still poorly integrated into urban management, planning
and design. (e.g. Erwin, 2009; Everard & McInnes, 2013; Liu
& Opdam, 2014)
Despite all benefits they provide to urban dwellers, wetlands in the vicinity of rapidly expanding cities are suffering
greatly from the consequences of anthropogenic activities
all around the world. (e.g. Ehrenfeld, 2000; Giblett, 2016) The
filling, polluting and fragmenting of these urban and semi-urban water bodies, have seriously affected nature’s ability to
respond to extreme weather events in urban areas. (Benedict
& McMahon, 2000)

Problem description in the wider context
Climate change is magnifying the intensity and frequency
of extreme weather events worldwide, pushing the complexity of urban water management challenges. (IPCC, 2014) At
the same time, the global urban population is projected to
exceed 67 per cent of the total population by 2050. (United
Nations, 2014) This raises concerns about the future quality of
life in cities all around the world, especially in those countries
that are typed as ‘developing countries’. (Andersson, 2006)
Because of the interconnections between a city and the
surrounding landscape, sustainable solutions for complex urban challenges require the inclusion of these (semi-) urban

Problem description of wetland degradation in India

provided by urban wetlands to cities all around the world and
have the potential to positively impact the quality of life of
people even beyond the physical boundaries of the wetland.
(Giblett, 2016; Lovell & Johnston, 2009). Once affected, these
qualities - initially provided by the wetland for free - need to
be replaced by costly flood control infrastructure and water
treatment plants, pushing the costs of public services. (e.g.
Pauleit et al., 2017; Wright et al., 2006)

From ancient times, the low-lying wetland areas around
urban areas are an integral part of the water system of cities
in India. (Center for Science and Environmental, 2016; Sarovar,
2018) However, despite a clear relationship between the loss
of India's urban water bodies and the number of severe flood
events in Indian cities (Figure 4), the loss and degradation of
wetlands in the vast Asian country continues with unprecedented speed. (Bassi et al., 2014)

Ramsar’s traditional conservation strategy
At the beginning in 1971, the Ramsar Convention adopted a narrow, protectionist view to conserve and protect wetlands, that focussed on designating internationally important
wetlands to offer them the status of ‘protected area’ under
national laws. (Hettiarachchi et al, 2015) However, wetland
conservation is complex, particularly in the fast-emerging
world, due to social inequalities, rapid urbanization and poor
city planning. (Ehrenfeld, 2000) In many regions of the world,
this type of conservation strategy caused conflicts and an inimical relationship between wetland conservationists and the
inhabitants and administration of nearby located cities. (Giblett, 2016; Hettiarachchi et al, 2015)

As per the most recent list published on the official website
of the Ramsar Convention, a total of 2,186 sites have been
designated as a Ramsar site. Out of this number, 289 sites are
located in Asia. Despite the designation of these sites as being
a wetland with ‘international importance’, about 50.000 km² of
wetland area is lost annually in the Asian continent alone as a
direct consequence of urbanization. (Hettiarachchi et al, 2015)

Especially in the vicinity of cities, wetland areas in India are
rarely recorded under the municipal land laws and are often
regarded by local governments as wastelands. This leads to the
conception that urban wetlands are having little (economic)
value for the city and its citizens. According to among others
the Indian National Center for Science and Environment (2016)
and the National Wetland Atlas of India (2010), this perception
is the predominant driver for the two major causes of urban
wetland degradation in India.

Local people living in the periphery of the wetland, depending on the wetland for generations, got increasingly limited in their access to the wetland and the use of services and
goods provided by the wetland, like for instance fishing and
hunting. In contradiction, people with power and money could
benefit to a greater extent when the regulations to protect
the wetland were, due to a variety of reasons, not enforced
by local authorities.

(1)		 Encroachment of the reservoir area
As more people migrate to cities, the availability of land is
getting scarce. This pushes the economic value of urban and
peri-urban areas, making the swampy, but relatively cheap
parcels in urban wetlands attractive grounds for investors.
(Center for Science and Environment, 2016) As a result, an
often unplanned and uncontrolled urban sprawl affects the
reservoir area of the wetland. Consequently, the potential surface storage of stormwater is decreasing, leading to floods
elsewhere.
(2)		 The inflow of urban wastewater
The explosive increase of the Indian urban population has
been without a corresponding expansion of civic facilities, like
adequate infrastructure for the disposal of waste(water).
(Center for Science and Environment, 2016; Hemani & Das,
2016) Often, the polluted water drains to a river via wetland
areas, decreasing the water quality of these sensitive ecosystems. To a certain extent, wetlands have the capacity to purify
urban wastewater, but an excessive amount and condition of
wastewater harm the functioning of the wetland. (e.g. Bassi
et al., 2014; Brander et al., 2013)
As a result of urban encroachment and the inflow of wastewater, the capacity of urban wetlands to store large quantities
of rainwater and to purify wastewater decreases. Wastewater
treatment and rainwater storage are two important functions

Figure 5  'Urban wetlands make cities livable' was the theme

of the 2018 World Wetlands Day. (https://www.muskokawatershed.org/blog/2018-wwd/)

Figure 4  Relation between the loss of urban water bodies due to urbanization and the number of major flood events in India
since the year 2000 (Center for Science and Environment, 2016)
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Introduction

1.2.2 Knowledge gap

1.2.3 Purpose statement

Ramsar’s modern conservation strategy
As time passed, the Ramsar Convention has undergone
significant conceptual transformation since its beginning in
1971. They have replaced their protectionist view of urban
wetland conservation by the principles of ‘wise use’, with an
emphasize on services associated with increasing the quality
of life for citizens. (Hettiarachchi et al, 2015)

India is one of the fastest emerging countries in the world,
with an urban population projected to double between 2014
and 2050, adding 404 million urban dwellers to Indian cities.
(United Nations, 2014) Considering the current speed of wetland degradation and the projected urbanization prospects,
there is a need for a different, more robust approach to secure
the future of urban wetland areas in India. This is an urgent
demand, since cities depend on ecosystems, just like any other
social-ecological system, to sustain long-term conditions and
benefits for present and future generations. (Gómez-Baggethun & Barton, 2013)

In 2015, the Ramsar Convention launched a conservation
scheme to encourage cities close to and dependent on wetlands, to promote conservation of wetlands within their urban
planning processes. (Sarovar, 2018) This strategy views an urban wetland and a nearby located city as a social-ecological
system, in which the wetland contributes to solving urban challenges in the city. The theme of the 2018 World Wetlands Day
- an initiative following from the Ramsar Convention - which
was titled ‘urban wetlands making cities liveable’, is a reflection of this modern strategy (Figure 5).

Research purpose
The Urban Green Infrastructure (UGI) approach is introduced to protect and restore urban wetlands in India. The aim
of this thesis is to apply the UGI approach in developing and
testing design guidelines, allowing designers guidance in the
complex task to protect and restore urban wetlands in such
a way that is beneficial for future generations. Determining
design guidelines would contribute to closing the gap between
the theoretical and the practical realm in urban wetland management, as designers won’t constantly have to go through
the entire research and design process of urban wetland conservation themselves.

The Convention set themselves the goal of “no further
degradation of wetlands as a result of urban development”.
(Hettiarachchi et al, 2015: p. 60). Also, this modern conservation scheme encouraged the approach to consider urban
wetlands “as essential water management infrastructure in
urban and suburban areas”. However, the situation in practice
often differs from the described functioning in theory, which
resulted in a two-fold knowledge gap in the implementation
of this scheme.
Traditional
conservation strategy
wetland

city

Closing the gap between the two realms is not a linear
process. (Nassauer & Opdam, 2008) On one hand, this means
that measures are extracted from theory and translated into
practical design guidelines. On the other hand, measures are
extracted from the practice and, via a process of abstraction
and generalization, translated to the academic realm. Additionally, a holistic landscape analysis of the case study area
is required, to understand the current wetland system within
the urban water management system. Predominantly these
outcomes, which are preliminary design guidelines and an
extensive analysis of the system functioning, are used as the
input for the case study design.

Modern
conservation strategy
wetland

city

Figure 6  Two diagrams to show the changing strategy of urban wetland conservation over time, as used by the Ramsar
Convention. While the traditional (left) stimulates a more inimical relationship between a wetland a city, the modern (right)
one promotes mutual benefits. In the latter, the wetland provides good and services from which the city benefits, and in
return the wetland receives respect and protection.

Design purpose
Due to its geographical location in the vicinity of the rapidly expanding city of Guwahati, the future existence of the case
study area, urban wetland Deepor Beel, is in danger. Despite
the designation as a Ramsar site back in 2002, giving it the
status as a wetland with international significance, a comprehensive landscape design to conserve and restore Deepor Beel
is still not present. (Center for Science and Environment, 2016;
Hemani & Das, 2016)

A gap between realms and understanding the system
Since the modern strategy of the Ramsar Convention for
the conservation of urban wetlands is relatively new, there
is a lack of appropriate design guidelines to bridge the gap
between the academic and practical realm. (Hettiarachchi et
al, 2015)
Also, poor understanding of the complex and dynamic
structure of urban social-ecological systems is one of the main
shortcomings in current urban wetlands governance. (Bassi
et al, 2014)
Introduction

The landscape design for Deepor Beel aims to improve the
functioning of the urban ecosystem at different levels of scale,
to highlight and promote a positive relationship between city
and wetland. Enhancing the relationship between an urban
ecosystem and society potentially increases the willingness
of the public to pay for protection and restoration. (e.g. Lafortezza et al., 2013; Pauleit et al., 2017)
16

Role of the designer and worldview
Landscape designers have an important role to play in closing the gap between science and practice, and in ultimately
connecting it to policy. (Deming & Swaffield, 2011; Nassauer
& Opdam, 2008) As a discipline that strives to connect these
two realms, landscape architects are expected to collaborate
closely with other disciplines and to understand the landscape
system on all levels of scale.

Since this is a landscape architecture design thesis, the
main question is a design-oriented question (DQ) that covers
the design assignment of urban wetland Deepor Beel. This
assignment has been derived from the problem description
and knowledge gap previously formulated.
Three research questions (RQ) provide the background
knowledge helping to answer the design question. Also, because it is not possible to study everything, a conceptual lens
is provided to include only research topics which are relevant
for the case study design. Once these three individual research
questions have been answered, the findings can be applied in
a case study design for Ramsar site Deepor Beel. In this way,
an answer could be provided to the main design question.

Developing and testing guidelines is related to a pragmatic
worldview, and is an alternation of generating new knowledge
combined with a straightforward problem-solving strategy
about what works in practice. (Creswell, 2013) In her PhD thesis, Klemm (2018: p. 5) underlines this by taking the proposition
that a pragmatic worldview in scientific research is “key for
creating real-life solutions”.
Also, researchers that adopt the pragmatist worldview try
to understand the preconditions in which the research occurs,
like the historical, social and political context, in a comprehensive way. Doing in-depth system analysis allows for the
development of general principles or guidelines, which can
be tested elsewhere through case studies. (Creswell, 2013)

Research Question (RQ) 1

How could the Urban Green Infrastructure approach be applied
in landscape design regarding sustainable urban wetland development in India?
Research Question (RQ) 2

Preliminary design guidelines

What preliminary design guidelines to counter urban encroachment and the inflow of untreated urban wastewater could be
defined based on a reference study and a supplementary literature study?

1.2.4 Research and design questions
This thesis contains of a main, overarching question:
Main Design Question (DQ)

Conceptual lens

Research Question (RQ) 3

Case study design

How can a landscape design develop Ramsar site Deepor Beel in
a sustainable way and protect this urban ecosystem against the
destructive consequences of rapid urbanization?

Case study analysis

What recent and historical processes are having an effect on the
water storing and water purifying qualities of urban wetland
Deepor Beel?

1.3 THESIS OUTLINE
urban wetlands in order to learn from measures that have
been taken at these locations to prevent further degradation
of these sites. The outcomes of this reference study will be
supplemented with interventions found in a literature study.
Chapter four presents the analysis of the case study area
Deepor Beel on three spatial levels: Macro, meso and micro
level. This chapter aims to find an answer to research question
three.
In chapter five, the conclusions from chapter four and
the outcomes from chapter three, i.g. the preliminary design
guidelines, provide the input for a design for case study area
Deepor Beel. This chapter seeks to find an answer to the main,
design-oriented, question.
Finally, chapter six is a conclusion and evaluation of the
outcomes from the previous chapters. By looking back at the
results from the research and design, the applicability of the
gained design guidelines will be discussend, and in what way
this thesis contributes to the domain of landscape architecture
and other disciplines.

his chapter aimed to describe the problem and underlying
reasons of urban wetland degradation in India. The two main
causes of urban wetland degradation in India, as described in
chapter one, form the starting point for all other chapters of
this thesis. Also, the knowledge gap in current urban wetland
maintenance and conservation have been formulated.
Chapter two presents the conceptual lens, aiming to
give an answer to the first research question. The goal of this
chapter is to enhance the understanding of the three central
concepts: urban wetlands, sustainable landscape development and the Urban Green Infrastructure (UGI) approach.
This conceptual framework provides a perspective on which
subsequent research presented in the third and fourth chapter
is based.
The aim of chapter three is, through extracting preliminary design guidelines from the practical and theoretical realm,
to provide an answer to the second research question. First,
a reference study was conducted about two Ramsar Indian
17
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Chapter image   Cycle Rickshaw-pullers in Guwahati having a hard time during a flood
in July 2016 (adapted from Time Magazine)
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2.1.2 Methods for data collection and
analysis

2.1 METHODS
2.1.1 Methodological framework
A methodological framework is important because it provides an overview of the complete research process . This process
has been described in the thesis outline at the end of the previous chapter and summarized in the below framework. The six
tints of green are representing the six chapters of the thesis. (Figure 8)

Chapter

1
of urban wetland degradation in India

2

Research for design

RQ 1

Chapter

3

Research on design

RQ 2

Conceptual framework

Reference study

Main concepts

Reference study

Urban wetlands ;
Social - ecological systems ;
(urban) Ecosystem services ;
UGI approach

Data collection method
Literature review

Outcome
Conceptual lens

Bhopal & Kokata

+

Literature study
Data collection method
Literature review

Outcome

Chapter

Preliminary design guidelines

6

Evaluating

Evaluation

Chapter

4

Research for design

RQ 3

Landscape analysis
of the case study area
Analysis on three scales

1. Macro 2. Meso 3. Micro

Chapter

Conclusion ;
Discussion ;
Reﬂection

5

Designing

DQ

In order to generate meaningful design guidelines as input
for a case study design, it is essential to obtain both secondary
data and primary data. The primary instrument of data collection used in this design-orientated thesis is qualitative of nature. As described by Creswell (2013), the purpose of analysing
qualitative data is making sense of text and image data. Two
different research approaches have been applied in this thesis
to collect and analyse data. These approaches, or methods, are
‘Research for Design’ (RfD) and ‘Research on Design’ (RoD).

Drone imagery
Another way to collect primary data is to make photographs. However, to get a comprehensive overview of a large
area like the case study area Deepor Beel, it was not effective
to only analyse pictures taken on the ground. A drone was used
to provide a complete overview of the total wetland system.
Later, these images and videos have been analysed behind a
desk. New insights could be gained from these videos and images, for example about the functioning of the wetland system
in the broader water system and other wetland characteristics.

An RfD method is applied to determine the conceptual
lens and to do an extensive analysis of the case study area.
This provided an answer to respectively the first and the third
research question. According to Lenzholzer et al. (in van den
Brink et al., 2017), the RfD research method is used for all types
of research supporting chunks of the design process and the
formation of the final design product.
An RoD method is used to answer research question two.
In this thesis, the RoD method is a reference study, supplemented with a literature study. This type of research method is used for the collection of products from other designs.
(Lenzholzer et al., in van den Brink et al., 2017) This empirical
research strategy is commonly used in the field of landscape architecture (Deming & Swaffield, 2011) and, in this case, applied
to obtain suitable measures from a study about interventions
taken in practice.
Multiple sources have been used in this thesis to collect
data. Using multiple data collection methods is ensuring the
so-called triangulation of data (Creswell, 2013), applied to increase the credibility - trustworthiness of the data - and validity
- effectiveness of the data - of the results. (Liu & Opdam, 2014)

Problem description & knowledge gap

Chapter

About every two to three weeks, a field visit was conducted. Observations and making notes were helping me to get
a better understanding of the water system of Deepor Beel
with respect to the larger water system of the city. Also, other
characteristics like physical borders and threats for the functioning of Deepor Beel were clarified by applying this method
to gather primary data.

Outcome
Final design guidelines

Case study design for
Deepor Beel
Preliminary
design guidelines

Open interviews
Interviews with open-ended questions were held, with
experts, inhabitants and other involved actors. Notes have
been made during the interviews and, if permission was granted by the interviewee, the audio was recorded. A list of the
interviewees has been added to the appendix of this thesis.
For the sake of privacy, only the function of the interviewee
is given and not their full names.
Water model
A model of the urban water management system of Guwahati was analysed. This model has been prepared by design
and consultancy firm Arcadis and a former student of Twente
University. This model was created on behalf of the Smart City
Project Guwahati, and used in this thesis to say something
meaningful about the water quantity that enters Deepor Beel.

Field visits
Although most data for this qualitative research study
have been conducted from behind the desk, field visits were
necessary to get a better understanding of the dynamic circumstances of the semi-urban landscape of the case study
area. These visits were spread over a period of more than one
year. This extended time for field visits was important, because
of the large difference in weather conditions in the north-eastern part of India throughout the year. (Hemani & Das, 2016)
Field observations

Document analysis
Finally, a document analysis has been conducted in this
thesis. Multiple kinds of documents have been analysed, including ensembled GIS maps, scientific papers found online,
reports prepared by non-governmental institutions and government departments involved in the conservation of Deepor
Beel and recently published work of fellow Indian students.

2.2 CONCEPTUAL FRAMEWORK

Data collection method
Literature review ;
Document analysis ;
Field visits ;
Open interviews

Outcome

Overview of the current
landscape system

Designing on two scales

2.2.1 Characteristics of urban wetlands

1. Conceptual landscape design
2. Detailed site design

Figure 8  The methodological framework

Outcome

applied in this thesis. The colours represent
the chapters, showing a complete overview
of the research and design process.

Landscape design for urban
wetland Deepor Beel
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(Cowardin et al., 1979: p.3) In their book, the authors make
the following categorization in wetlands, based on their hydrological, ecological and geological characteristics: (1) marine
(exposed to open ocean), (2) estuarine (partially enclosed by
land, containing a mix of fresh and saltwater), (3) lacustrine
(lakes), (4) riverine (along streams and rivers) and (5) palustrine (any inland wetland that lacks flowing water).

Definition
As per one of the first widely acknowledged wetland definitions, “wetlands are lands transitional between terrestrial
and aquatic systems where the water table is usually at or
near the surface of the land is covered by shallow water”.
21
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Urban wetlands can be both human-made as well as naturally arisen. Regardless of the previously mentioned characteristics of wetlands, the presence of a dense urban environment in the wetlands’ periphery is determining whether
you are dealing with a natural or an urban wetland. (Gardner
et al., 2015) Although categorized according to Cowardin et
al. (1979) as riverine and estuarine wetlands respectively, the
wetlands in the urban fringe of Paris and New York City can be
both defined as characteristic urban wetlands. (Giblett, 2016)

human body, and goes beyond the nineteenth-century cliché
example of parks being the lungs of cities. In his view, the skyscrapers raised in the twentieth century could be seen as the
cities’ head and brains. Moreover, the water supply, sewage
system and rivers of cities function to a great extent equal to
the oesophagus, intestines and arteries in the body, and slums
are an uncomfortable sore that needs treatment. Finally, he
points out that the wetlands at the outskirts of urban areas
could be viewed as multi-functional urban ecosystems, fulfilling the functions of the liver, kidneys and the placenta.
Translating Giblett’s comparison from a conceptual level
to the practice, wetlands have the capacity to serve as natural
buffer areas between the urban and the natural landscape. In
and near urban environments, wetlands function as sponges
in times of extreme weather events, absorbing massive quantities of rainwater. (Bassi et al., 2014) Also, these fallow marshlands have the ability to purify urban wastewater. (Anton et
al., 2016) Besides these two important functions for the water
management system of cities, urban wetlands provide many
other direct and indirect services and good, therewith increasing resilience and adaptive capacity in cities. (Gómez-Baggethun & Barton, 2013)
Yet wetlands are more than mere providers of ecosystem
services. They serve as habitats for animals and plants. And as
homes for people. From ancient times, anthropogenic processes of displacement and transformations have shaped wetland
areas all around the world. Many iconic cities of modernity, like
Paris, New York, San Francisco, London, Washington D.C. and
many more, “were once set in wetlands”. (Giblett, 2016: p. 11)

Urban wetlands have a different way of functioning than
those in natural areas cut off from human settlements. Direct
anthropogenic activities in the catchment areas of urban wetlands cause indirectly changes in the wetlands’ ecosystem.
(Kaufman et al., 2011) Therefore, the water level and the water
quality of urban wetlands can fluctuate quickly.

Values
According to the Ramsar Convention, the leading intergovernmental agency on wetlands, Wetlands are “among
the most productive environments we have on this globe.”
(Ramsar Convention Secretariat, 2010) These ecologically sensitive and adaptive systems provide habitat and vital goods
to all kind of flora and fauna. Besides, wetlands are indispensable for humanity because of the innumerable benefits they
provide us.
Assigning value, however, environmental resources to
human well-being is complex, and even more so in an urban
context. (de Groot et al., 2010) One way to express the value of
natural capital is to use the concept of ecosystem functionality,
often in the literature referred to as ecosystem services. (e.g.
Lovell & Johnston, 2009; Pauleit et al., 2017) These services
are generally grouped by scholars in four primary categories:
ȃȃ Supporting (e.g., primary production, nutrient cycling)
ȃȃ Provisioning (e.g., food and fodder)
ȃȃ Cultural (e.g., education, recreation, aesthetic, spiritual)
ȃȃ Regulating (e.g., climate)

Threats
Industrialization and the rapid growth of urban and suburban areas, however, strongly accelerated the fragmentation
and loss of wetlands all around the world during the previous
century. (e.g. Bassi et al., 2014; Rincón Sandoval, 2013) As a
dominant demographic characteristic of the twentieth century, urbanization is principally responsible for the disappearance of at least 64 per cent of the worldwide wetlands since
1900. (Gardner et al., 2015) During this time span, the global
urban population has risen from 14 per cent at the beginning of
the century, to 30 per cent in the 1950s, to nearly 50 per cent
at the end of the century. These days 55 per cent of the total
global population lives in urban and suburban areas. (United
Nations, 2018)

Early work on these ecosystem services mainly focused on
ecosystems in natural environments. Evidence from empirical
research, however, indicates that to a large extent also human-dominated landscapes can provide ecosystem services.
(Lovell & Johnston, 2009) Already two decades ago, Bolund
and Hunhammar (1999) stated that ecosystem services most
application in urban landscapes areas are microclimate regulation, rainwater drainage, recreational and cultural values,
sewage treatment, noise reduction and filtering of the air.
These services potentially impact the quality of life for human
beings, also beyond the physical boundaries of the ecosystem
where the services are produced. (e.g. Gómez-Baggethun &
Barton, 2013)

Historically, wetland degradation in developing countries
has been significant, yet lower than in post-industrial countries. In 1985 for example, the total losses of coastal and inland wetland areas in densely populated areas of Europe and
North-America were 60–65 per cent, whereas in Asia it was
only 27 per cent. (Hettiarachchi et al, 2015)
However, due to rapid urbanization in developing countries during the last decades, losses of wetland are now the
highest in the developing world, particularly in Asia. Many of
the fastest-growing urban agglomerations are situated in this
continent, where the urban population is predicted to increase
by 1.4 billion by 2050. (United Nations, 2014) As a direct con-

In his book ‘Cities and Wetlands’, Rod Giblett (2016: p. 242)
shares an interesting view on this, to display the significant
value of wetlands for nearby located cities. Giblett compares
the urbanized landscape, including the suburban areas, with a
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Landscape multi-functionality
An important aspect of sustainable development is the
creation of additional environmental, social and economic benefits. (Lafortezza et al., 2013; Madureira & Andresen,
2014) As spatial social-ecological systems, landscapes deliver
a wide range of functions. (Termorshuizen & Opdam, 2009)
Multi-functionality in the context of long-term sustainable
development assumes that the landscape offers opportunities to provide multiple services from a social, economic and
ecological perspective (Figure 9). (de Groot et al., 2010; Liu &
Opdam, 2014) This suggests that a landscape design could both
aim nature conservation as well as economic growth. (Lovell
& Johnston, 2009) Accordingly, sustainable development can
change people’s perceptions of their natural environment.
(Gobster et al., 2007)

sequence of urbanization, about 50.000 km² of wetland area
is lost annually in Asia alone. All kind of other land uses, like
agriculture, dam construction and housing are replacing these
fragile ecosystems. (Bassi et al., 2014)
As a matter of fact, the majority of the global urban population lives in wetland areas these days. (Hettiarachchi et al,
2015) Studies demonstrate that wetland areas and their condition still decline in most regions of the world. (e.g. Erwin,
2009; Gardner et al., 2015; Giblett, 2016) As a result, the ecosystem services provided by wetlands to people are increasingly
compromised, giving the public to an increasing extent the
opinion that wetland areas in an urban fringe are non-valuable
‘wastelands’. The question raises what needs to be done to
change this societal perception, to ensure the protection and
restoration of urban wetlands in the long term.

2.2.2 Sustainable urban
development

wetland

E�������
e.g. production
agriculture

Sustainable development
As mentioned before, due to the rapid and often uncontrolled urbanization, the problem of wetland degradation is
worldwide most alarming in urban areas. (Ehrenfeld, 2000)
Despite the efforts of the Ramsar Convention, many of the
wetlands that occur in human-dominated landscapes remain
acutely threatened. (e.g. Bassi et al, 2014; Gardner et al., 2015)
Scientific research demonstrated that the way wetlands are
evaluated, understood and valued by the public living in an urban environment are different from that of rural or agricultural
wetlands. (Nassauer, 2004) Therefore, the modern strategy of
the Ramsar Convention views an urban wetland and a nearby
located city as a social-ecological system. In this way, the wetland is actively involved in solving urban challenges, like urban
flooding. (Hettiarachchi et al, 2015)

S�����
e.g. public parks

E������������

Multi-functional
urban landscape

e.g. conservation
reserve

Figure 9  Landscape multi-functionality (based on Lovell &
Johnston, 2009)

Landscape connectivity
In the context of sustainable landscape development,
landscape connectivity is viewed in this thesis as a network
of connected spaces and elements and used to analyse and
design at different spatial scales. Functions provided by natural elements, like trees and ponds, are enhanced when these
elements form a connected network. (e.g. Andersson et al.,
2014; Klemm, 2018) In this way, connectivity is of relevance
to gain more direct benefits to humans, such as an improved
movement between recreational areas and homes. (Figure 10)
But also to increase the biodiversity, as connected habitats are
providing better movement for animals compared to isolated
and fragmented habitats. (Anton et al., 2016)

For the future quality of life in cities all around the world,
the preservation of urban ecology is vital for current and future
generations. (Gómez-Baggethun & Barton, 2013) However,
just as important is the preservation of the ecosystems in the
vicinity of (sub)urban areas. (Rincón Sandoval, 2013) These
semi-rural areas, including wetland areas, increasingly depend
on the successful management of urban growth, especially in
lower-middle-income countries where the urban population is
projected to increase the most. (United Nations, 2014)
Urban growth is closely related to the concept of sustainable development, and the three dimensions of the latter: Social, environmental and economic (Figure 2.1). (e.g. Perini &
Sabbion, 2017; Rincón Sandoval, 2013; United Nations, 2018)
The goal of sustainable landscape development, as described
by Termorshuizen and Opdam (2009), is “to change the landscape while improving its functioning, without compromising the availability of the natural resources for future generations”. In this way, humans change the landscape on different
spatial scales, to improve the functioning of the landscape
system in order to create additional value.

E�������
S�����

E������������
Multi-functional
urban landscape

Figure 10  Landscape connectivity (Hansen & Pauleit, 2014)
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2.2.3 The Urban Green Infrastructure
approach

Operationalization
As the cities' backbone, infrastructure is what makes cities liveable. (Perini & Sabbion, 2017) However, what is often
understood as infrastructure could be termed as ‘grey’ infrastructure. (Klemm, 2018) Examples of grey, which refers to the
colour of the in general concrete structures, are wastewater
treatment plants and concrete drains. (Benedict & McMahon,
2000) In contrast to mono-functionally planned grey infrastructure, the UGI approach has a multi-functional character
that strives to work with nature (Hansen & Pauleit, 2014). As
this concept of ‘letting nature do the job’ is often a cost-effective solution compared to the engineered grey alternative
(e.g. Pauleit et al., 2017; Wright et al., 2006), this principle has
a high potential to be a solution to complex urban challenges
in developing countries.

Definition
A much-described way in the academic realm to increase
the multi-functionality of the urban landscape is the use of
an ecological network intertwined in urban environments.
(Hansen & Pauleit, 2014; Lovell & Johnston, 2009) Connectivity
and multi-functionality are representing the core principles of
this ecological network, which represents green - or in other
words (i.e.) vegetated - and blue - i.e. water - elements and
spaces. (e.g. Hansen & Pauleit, 2014; Madureira & Andresen,
2014) The theory that uses ecological infrastructure as a tool
for planning and design is conceptualized in various ways.
A generally accepted definition, given by the European
Commission: “Green Infrastructure can be broadly defined as
a strategically planned network of high-quality natural and
semi-natural areas with other environmental features, which
is designed and managed to deliver a wide range of ecosystem
services and to protect biodiversity in both rural and urban
settings.” (in Klemm, 2018) In this definition of green infrastructure, the word ‘green’ refers to both green as well as
blue elements. (e.g. Anton et al., 2016; Hansen & Pauleit, 2014)
Derived from this concept, scholars focussing on the urban
landscape have more recently identified the concept of ‘Urban
Green Infrastructure’. (Young et al., 2014)

after the recognition as a Ramsar site.

The next chapter builds upon the two principles, multi-functionality and connectivity, of
a UGI network and focusses on finding interventions from practice and the translation of
these interventions into spatial, preliminary design guidelines.

As an example of a country with a fast emerging economy,
India is dealing with the destructive consequences of rapid
urbanization to an increasing extent. Focussing on the two
main direct consequences of urban wetland degradation in
India, as described in chapter one, the method adopted in this
design thesis to operationalize the UGI approach in sustainable
urban wetland development is twofold. (Figure 11)
(1)		 UGI to guide urban development
In his book ‘Design with Nature’ published in 1969, Ian
McHarg (1920-2001) describes a way to let natural processes
guide urban development patterns. (Ayres, 2011) Comparable to basing development on urban ‘grey’ infrastructure, a
framework of UGI seeks to plan land development by defining
where to build and where not. (Benedict & McMahon, 2000)

Urban Green Infrastructure (hereafter called UGI) is introduced as an approach to prevent further degradation of
wetlands in the vicinity of large cities in India and to restore the
functions provided naturally by the wetland for free. Networks
of green and blue infrastructure in urban areas promote the
sustainable provision of multiple ecosystem services, providing
citizens with social, ecological and economic benefits. Moreover, green and blue are increasingly referenced as being connective elements that provide among other recreational and
ecological benefits. (Madureira & Andresen, 2014) Therefore,
UGI is a potential tool to enhance the quality of life for urban
dwellers and to improve the chances of successful conservation of ecosystems near bustling and rapidly expanding cities.
(Lafortezza et al., 2013)

(2)		 UGI to purify urban wastewater
The distinction between urban infrastructure and urban
green infrastructure, in favour of the latter, is the inclusion of
environmental patterns and the promotion of multiple social,
environmental and economic functions and benefits. (Benedict
& McMahon, 2000) A scientifically well-founded function of
UGI in an urban environment, is the capacity of green and blue
to purify wastewater. (e.g. Anton et al., 2016; Basnou et al.,
2015; Giblett, 2016) In this way, the UGI approach potentially
provides a framework for both economic development as well
as the conservation of urban ecology. (Semeraro et al., 2017)
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Figure 11  The UGI approach is applied to develop urban wet-

lands in India in a sustainable way
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Figure 12  Photo of Guwahati's landfill site in Pamohi area. This municipal wastedump is operating since 2005, just three years
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3
CHAPTER

PRELIMINARY
DESIGN GUIDELINES

Chapter image   Fishermen working in one of the many fish ponds located in East Kolkata
Wetlands bring in their full fishing nets (Photograph made by photojournalist Sucheta Das)

3

Preliminary design guidelines

3.1 INTRODUCTION

mote at least one or more different functions in each of the
three - societal, economic and environmental - domains of
sustainable development, in order to be defined in this thesis
as ‘multi-functional’.

from both realms will be translated into spatial design guidelines. These guidelines are called the ‘preliminary’ design
guidelines, because their applicability will be further tested
in a specific area: the case study design (Chapter 5).

Based on these four criteria, the most suitable measures

The multi-functional and interconnected character of
Urban Green Infrastructure (UGI) in this thesis is considered
to be key for the survival of wetland areas near rapidly expanding cities in an emerging economy. Using multi-functional
networks of green & blue infrastructure is an approach that
could contribute to the modern urban wetland conservation
strategy of the Ramsar Convention, the world’s pioneering
and leading institutional framework on the conservation of
wetlands around the world. However, as stated in the research
introduction of chapter one, there is limited research available
on applicable design guidelines bridging the gap between the
academic and the practical realm.

First of all, the identification of suitable interventions
focused on the two previously described starting points for
sustainable urban wetland development. Therefore, a distinction was made between 1) infrastructure that promotes the
guidance of urban development patterns and 2) infrastructure
that promotes the purification of urban wastewater. These
two leading characteristics have been subdivided into two
functions, as showed below.
(1)		 Guiding urban development
ȃȃ The presence of a spatial barrier, to regulate human
movement and control urban development.
ȃȃ The presence of a facility to store stormwater, to compensate for the area that is needed to construct the necessary spatial barriers.

This chapter aims to bridge this gap, by combining practical measures from a reference study and a supplementary
literature study. Subsequently, the most optimal measures
are translated into preliminary spatial design guidelines, which
constitute the starting point for the case study design.

(2)		 Purifying urban wastewater
ȃȃ The presence of a facility to purify urban wastewater, to
filter the polluted inflow.
ȃȃ The presence of a facility to drain urban runoff, to drain
both urban wastewater as well as stormwater. In this
context, urban runoff can best be described as surface
runoff of precipitation caused by urbanization.

3.1.1 Method
Reference study
First of all, interventions (or measures) have been extracted from the practical realm by doing a reference study on
two other Ramsar urban wetlands in India. Measures from this
reference study are found in the practical realm because they
have been executed in an urban wetland in India with comparable conditions to the case study design area. An elaboration
on what these conditions are can be found below.

3.2 DESCRIPTION OF THE REFERENCE SITES
3.2.1 Site selection

The geographical location means the wetland needs to
be located in the vicinity of a large - more than one million
inhabitants - and rapidly expanding city.

The selection of the two sites for the reference study is
based on a quick review of the twenty-seven wetlands in India
designated by the Ramsar Convention to be a wetland ‘with
international importance’. Also, conversations with Indian experts in the field of landscape architecture and environmental
conservation contributed to the selection of the case study
areas.

This review has resulted in two Ramsar urban wetlands,
namely 1) East Kolkata Wetlands, adjacent to the city of Kolkata and 2) Bhoj Wetland, located in the vicinity of Bhopal.
Coincidentally, both sites have been recognized as a Ramsar
site in the same year, 2002, as the case study design area Deepor Beel. (Figure 13)

The choice has been made to investigate only two urban
wetlands for this reference study, in order to do a more extensive analysis of the measures that have been taken over
the years.
Besides the recognition as a Ramsar site, the sites have
been selected on 1) their geographical location, 2) the presence of urban encroachment and a polluted inflow of wastewater, and 3) the availability of enough data about the measures taken over the years.

East Kolkata wetlands - Kolkata

Grey or Green-Blue
Secondly, the measures to guide urban development and
purify urban wastewater found in both studies are classified as
either being a grey or a green-blue solution. This classification
has been done based on their physical appearance and the
inclusion of environmental patterns.

Literature study
On top of that, a literature study was conducted to find
measures from the academic realm, to provide a comprehensive overview of both grey as well as green-blue interventions.
The measures found in the literature have not (yet) been tested in the reference study areas. However, according to the
previously determined conceptual lens, these interventions do
have the potential to become a design guideline that promotes
the sustainable development of urban wetlands in India.

Ramsar area (km²)

Year of Ramsar designation 2002 (19 August)
Type of urban wetland

Spatial scale
Thirdly, a distinction is made between three different
spatial scales, so a network of connected measures could be
formed when combined in a design. From the smallest to the
largest, these different scales are 1) street scale, 2) park scale
and 3) district scale. For both ‘guiding urban development’ as
well as ‘purifying urban wastewater’, the objective is to find
one ‘grey’ and one ‘green-blue’ intervention for each scale.

3.1.2 Analytical framework

Multi-functionality
Finally, the measures found in the two studies are tested on their multi-functional character. As stated by, among
others, Lovell & Johnston (2009), multi-functionality in the
context of sustainable development assumes that the landscape offers opportunities to provide multiple benefits at all
of the three dimensions. Therefore, measures need to pro-

The applicability of the measures found in the reference
studies and in academic literature will be tested based upon
the following four criteria.

Principal functions
28
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Complex of natural and
man-made

Bhoj wetland - Bhopal
Ramsar area (km²)
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Year of Ramsar designation 2002 (19 August)
Type of urban wetland

Man-made reservoir from
11th century

Figure 13  The location of the two Ramsar urban wetlands East Kolkata Wetlands and Bhoj Wetland, used in this thesis to

conduct a reference study
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Ramsar site
The uniqueness of the system and the important role the
wetland plays for the rapidly expanding city of Kolkata have
been the main drivers for the Ramsar convention to designate an area of 12.500 hectares - 125 square kilometres - as a
Ramsar site in 2002. Despite this recognition, however, the
wetland and its periphery is under continues threat due to
encroachment and pollution. (Center for Science and Environment, 2016)

East Kolkata
Wetlands basin

Hooghly

Main threats
First of all, real-estate projects have started to encroach
the wetland, converting the periphery of the wetland - and
even parts of the Ramsar site itself - from fish farms to urban
landscapes (Figure 14). (e.g. Doshi, 2017; Ghosh & Das, 2018)
Consequently, the area occupied by fish farms has reduced
from 7.300 hectares in 1945 to less than 6000 in 2003. This
number even dropped below the 3000 hectares, but thanks
to the Ramsar Convention a total of 4000 hectares of land is
devoted to fish farms these days. (Hussan, 2016)

Sewage disposal site
Much of the other produced wastewater, which is mostly
of domestic origin, is utilized in an age-old practice by local fisherman. An estimated 30-50 per cent of the sewage produced
in Kolkata and most of its biodegradable domestic refuse, is
transferred to a network of about 270 fishponds and hundreds
of paddy fields on the east side of the city. (Raychaudhuri et
al., 2008) In these ponds, algae and fishes are transforming the
polluted sewage water influx into water with a quality good
enough to be used as irrigation water for the paddy fields.
In this way, about 10.500 tons of fish are produced in these
sewage-fed fish farms on a yearly basis. On top of that, about
150 tons of fresh vegetables are harvested in the wetlands
every day. (Doshi, 2017) According to the National Wetland
Atlas of India, the East Kolkata Wetlands provide a direct livelihood to about 50.000 people, making it the largest organic
sewage management system in the world. (Hussan, 2016)

Besides urban encroachment, the increasing number of
chemicals, heavy metals and medicines that drain towards
the East Kolkata Wetlands, are deteriorating the quality of
the wastewater in the fishponds. Poor quality of the sewage
is responsible for higher toxic levels in the fish and a need to
add external nutrients to the system, which is a real threat to
the productivity and the reliability of the fish farms. (Hussan,
2016; Raychaudhuri et al., 2008)
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The East Kolkata Wetlands are located adjacent to the megacity Kolkata, formerly called Calcutta. Originally built to house
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(Ghosh & Das, 2018) The rapid urbanization caused tremendous pressure on the city’s existing infrastructure, including
the wastewater treatment facilities. According to data provided by the Indian government in 2017, the municipality of
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Figure 15  The catchment area of the East Kolkata Wetlands
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Figure 16  The catchment area of Bhoj Wetland
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3.2.3 Bhoj Wetland

and serve as a recreational hotspot for tourists.

Bhoj Wetland is a human-made reservoir, consisting of an
Upper Lake and a much smaller Lower Lake. While the Upper
Lake was dammed long ago in the eleventh century, the lower
one has been constructed only 200 years ago and is completely
surrounded by the city of Bhopal. (Vyas et al., 2009) According
to Kumar and Chaudhary (2013), the population of the capital
city of the state Madhya Pradesh exceeded 1.7 million people
in 2011.

Ramsar site
The rich biodiversity, especially birds, of Bhoj wetland have
been the reason for the Ramsar Convention to recognize the
Upper Lake as a Ramsar site. The Convention, however, demanded the local authorities to adopt an integrated management plan. (Kodarkar & Mukerjee, 2006)
Main threats
Although the plan for the conservation and management
of the Ramsar site was successfully implemented, the rapid
growth of the urban population is a continuing threat for the
water quantity and the water quality in the Upper Lake. Due to
urban encroachment, the water-spread area has reduced over
the last decade. Also, the inflow of untreated sewage caused
a decrease in water quality, resulting in excessive growth of
plants like water hyacinth. (Kumar & Chaudhary, 2013)

Storage basin
The construction of storage reservoirs is an ancient practice in India. (Kodarkar & Mukerjee, 2006) The Upper Lake in
Bhopal is one of the oldest among the large human-made lakes
in Central India and has been constructed to provide drinking
water to the citizens of Bhopal. (Sarovar, 2018) The Lower Lake
was constructed in the late eighteenth century to enhance
the beauty of Bhopal. These days, the lakes are very rich in
biodiversity, provide income to about 500 fishermen families

3.3 RESULTS FROM BOTH STUDIES
3.3.1 Measures to guide urban development

'green-blue' measures

A waterfront, like a walkway in Bhopal, could serve as a
public promenade promoting multiple functions. Besides, it
could function as a spatial buffer between nature conservation
on one side, and urban development on the other.

Street level
Floodwall
reference study (Kolkata)

Park level

Floodwalls can be placed at a designated place alongside
a river or lake to protect the hinterlands from flooding. Moreover, they can be implemented to protect property grounds.
In Kolkata however, floodwalls are mainly build to fulfil another role. These physical barriers are constructed essentially
by private parties to mark the properties of the real-estate
areas. (Pal et al., 2014) In this way, it is clear where the edge
of the property is.
The construction of a floodwall requires a relatively small
area, which could be a reason to choose a floodwall over
other interventions. Also, a floodwall could guide urban development patterns just like the structure can mark a private
property.

Elevated grey corridor
reference study (Bhopal)
An elevated grey corridor is presented here s a street
alongside a river or lake. In the reference site Bhoj Wetland, a
‘link road’ has been constructed at the side of Bhopal to serve
as a buffer between human settlements and the Ramsar site.
(Pani, 2005)
Although no development took place on the side of the
wetland so far, the link road does not serve any other functions
besides being a spatial barrier on poles and a road for those
in possession of a car.
Floodable green corridor
literature study

Public waterfront
reference study (Bhopal)

A floodable green corridor could be best described as a
floodplain alongside the water, in which multiple public services can be integrated. The ‘Room For The River’ project is
an example of such a measure. Although the prior function
of the project is to give the river more space in times of peak
discharge, the levees and waterfronts on both sides of the
river also guide urban development and urban infrastructure.
(Rijke et al., 2012)
The latter function could also be of great value in India,

In this context, a waterfront is a promenade alongside the
water, with the purpose to serve as a public place. Kumar &
Chaudhary (2013) are referring to this and name it ‘walkway’.
This walkway leads to the nature reserve adjacent to Bhopal,
proving several sights to have a view on the Ramsar wetland.
Besides the presence of bird-watching spots, the walkway
in Bhopal is a recreational hub with boating, jetties and
restaurants.
Preliminary design guidelines
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allowing a green corridor to flood during flood events, as they
can recover quickly due to the filtration of the water in the
permeable soil and vegetation. The existing public facilities
around urban wetlands, like local pocket parks and sports
fields, could be linked together in order to get an interconnected network of green and blue spaces. Besides the provision
of many benefits to society, this network could function as a
framework, i.e. a casco, for urban development and other grey - infrastructure.

thetical appreciation of the area, including the corresponding
economic benefits.

3.3.2 Measures to purify urban wastewater
Street level
Concrete drain
reference study (Kolkata and Bhopal)

District level

A street drain is used to remove surface water from an
area with too much water, to prevent severe urban flooding.
In both reference areas, the drains are typically manufactured
from concrete and have a ‘U-shape’. Usually, on top of the
drain, a footpath is located, which makes the concrete drain
a very space-efficient solution. A disadvantage, however,
of using this multiple-layered construction is the danger of
missing or damaged concrete slabs covering the drain. Also,
both wastewater, as well as stormwater, is drained via this
concrete tunnel, making it a smelly semi-open drain that is
vulnerable to flooding in the raining season.

Levee
reference study (Kolkata)
A levee, or dyke, is usually an artificial wall that prevents
water from leaving its course and to prevent flooding of the
hinterland caused by high water levels. The appearance of a
levee is often green, as the structure is overgrown with grass,
and you would expect the measure to be a green-blue example. However, in this thesis, a levee is an example of a grey
measure as it is a hard, engineered structure designed to block
the water.
In East Kolkata Wetlands, thousands of small levees are
used for the guidance of wastewater every day. Also further
upstream, the development planning predominantly focused
on hard engineering structures, like dykes, to regulate water
flows. (Everard et al., 2019)
Besides blocking and regulating water flows, a dyke could
also be combined with other functions, like for example a path
on top with recreational benefits. On top of that, a levee is a
large structure that functions as a physical barrier, therewith
potentially guiding urban development.

Bioswale
literature study
A bioswale is, according to Boogaard et al. (2003), a ditch
with vegetation and a porous soil. These above-ground drainage systems could be incorporated into the urban green network and potentially enhance the biodiversity and the quality
of life for citizens. Bioswales are designed in such a way that
they collect stormwater falling on hard surfaces, like roads and
roofs, and the drainage to ditches and lower located wetland
areas. Overflows directly connected to infiltration pipes are
added to the system, to prevent bioswales from overflowing
its banks during heavy rainfall.

Green-blue buffer zone
reference study (Bhopal)

Park level

Buffer zones in the context of this thesis, are areas adjacent
to protected sections assigned to be a ‘buffer’ between the
natural and the urban environment. These zones are seen as an
important tool in urban planning and design, because on one
hand, they promote the conservation of ecologically important
areas, and on the other hand they address development
objectives. (Ebregt & de Greve, 2000)
The concept of buffer zones has been adopted in the
Bhopal Development Plan 2005, as described by Kodarkar
& Mukerjee (2006). Measures that have been taken include
a ‘no-development zone’ of 50 meters from the High Flood
Level (HFL) of the Ramsar site and the planting of an area
around the Upper Lake to an extent of 50 to 100 meters from
the HFL. Appropriate indigenous trees and shrubs have been
recommended.
A green-blue buffer zone could be a great way to guide
urban development patterns in an ecological friendly way.
Besides that, this buffer zone provides many other benefits
to society, like recreation and stormwater storage. On top of
that, the green and blue elements potentially increase the aes-

Wastewater treatment plant
reference study (Bhopal)
A wastewater treatment plant, or sewage treatment
plant, is a facility that removes pollutants from water in various processes, treating mainly household sewage and some
industrial wastewater. (Hreiz et al., 2015) If the sewer system
is a combined system, besides the inflow of wastewater also
stormwater is going through the treatment plant. This requires
much larger and more expensive treatment facilities compared
to a separated sewer.
In a series of processes, treated effluent is produced
which is water that is safe enough to be released into the
environment or to be used for irrigation, but contains higher
concentrations of dissolved solids than the source water. The
by-product of sewage treatment, called sludge or biosolids,
has to undergo further treatment before being suitable for
disposal. The advantage of this sludge is the presence of nu33
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(Hemani & Das, 2016)

trients and organic matter that are used as fertilizer. (Artiola
et al., 2004)
Large wastewater treatment plants are effective facilities
to treat wastewater. However, these facilities serve no other
functions than the purification of wastewater. (Hreiz et al.,
2015)

Riparian buffer zone
literature study
A riparian buffer zone can take various forms. In this thesis,
this measure is described as a vegetated strip of land along
streams and rivers, planted with native trees, shrubs and grasses. The vegetated riparian zone can affect the stream by intercepting runoff from hillslopes, as well as urban wastewater,
thereby improving the quality of the water by a process called
phytoremediation. (e.g. Kyle et al., 2003; Parkyn, 2004)
Besides that riparian buffer zones are used to remove undesired particles from the water, which has great economic
benefits, riparian buffer zones are also used as a tool to perform many other social and ecological functions. These functions include stabilising stream banks, the provision of shade
and materials like timber and the provision of terrestrial and
aquatic habitat for all kind of animals. (Parkyn, 2004) Also,
recreational functions could be integrated within the buffer
zone and the added vegetation potentially enhances the aesthetical appreciation. (Kyle et al., 2003)

Constructed wetlands
reference study (Kolkata)
A constructed wetland is an engineered biofilter of vegetation, soil and organisms to remove a range of pollutants,
such as nutrients, heavy metals and organic matter, from municipal sewage water, industrial wastewater or stormwater.
(Ynoussa et al., 2017)
The functioning of these artificial wetlands to purify water
is similar to those of natural wetlands. Planted vegetation and
a bed of sand and gravel remove contaminants in a process
called phytoremediation. A well-known example is the helophyte filter. Besides the purification of wastewater, constructed wetlands serve many other functions, like the provision as
a habitat for native and migratory wildlife and the storage of
stormwater. Also, a constructed wetland area could provide
benefits as a recreational site or as a breeding room for fish.

Level
of scale

Type of measure 1

Street

(1a) Floodwall

K

(1b) Public
waterfront

B

+

(2a) Elavated
grey corridor

B

+

Park

Found in 2

Applicability 4 Explanatory notes

Reference Literature Spatial Stormwater Multistudy
study
barrier storage
functionality ³

+

olkata

hopal

hopal

(2b) Floodable
green corridor
District

Criteria

L

iterature

(3a) Levee

K

(3b) Green-blue
buffer zone

B

+
+

+

+

+

hopal

++

+

+

olkata

Low requirement of land

+

+

+++

Connects multiple public
spaces ; provides a place to
flood-proof buildings

+

++

Considered as the only grey
multi-functional measure

+

+++

Provides a place to floodproof buildings

Table 1  Testing the applicability of the measures to 'guide urban development' is done based on the three criteria: spatial

barier, stormwater storage and multi-functionality

3.3.3 Applicability of the measures

A special type of constructed wetlands builds upon the
latter. A great example of such wetlands can be found in the
East Kolkata Wetlands. Plants, like for instance water hyacinth
and various kinds of algae, absorb contaminants dissolved in
the water like oil, heavy metals and grease, through a series
of natural treatment processes. (Hussan, 2016) Fish is fed on
the plankton, which is growing exponentially due to the high
content of nutrients and high alkalinity levels of the sewage
water, which turned the wetlands on the eastern side of Kolkata into a thriving fish farm and nature park. (Doshi, 2017)

Based on the four criteria explained in the analytical framework at the beginning of this chapter, the applicability has
been tested for each of the twelve described measures (Table 1). The green-blue measures scored significantly higher
than the grey alternatives, especially on multi-functionality
which is defined in this thesis as a measure that promotes
at least one functions in all the three domains of sustainable
development.
If we have a look at the measures to guide urban development (Table 1), you see that only one green-blue measure - the
public waterfront - does not meet the criteria of storing stormwater. Since this is an important function of a wetland in the
vicinity of a city, preference has been given to the other greenblue measures which do ensure water storage. Moreover, the
levee, an example of a grey measure, has been considered in
this evaluation as a multi-functional intervention. Although
this can be argued, the possibilities to include recreational
functions to this embankment and the services provided by a
vegetated dyke to increase biodiversity, have been the reasons
to assign a levee as being a multi-functional measure.
Looking at the measures to purify urban wastewater
(Table 2), what stands out is that the bioswale, a green-blue
measure, has not been given the full possible points for applicability. This needs further explanation, because a bioswale
is often mentioned in literature as the perfect alternative to
grey infrastructure. (e.g. Boogaard et al., 2013; Mattijssen et
al., 2017) However, in the context of this thesis, the bioswale
does not meet all the criteria of wastewater drainage. The
most suitable scale for implementation, which is at street level.
The bioswale is an open structure and therefore not suitable
for the drainage of sewage and wastewater on street level.

District level
Channelized river system
reference study (Kolkata and Bhopal)
Channelization is a river engineering method that widens
or deepens a watercourse, in order to increase the discharge
capacity of the river. Obstructions, natural or artificial (e.g.
boulders, trunks of trees and accumulations of materials due
to the curved course) are removed from the river bed and
the curved shape is often straitened. (Brooker, 1985) In both
Kolkata and Bhopal, this type of river system is found in the
urban and semi-urban areas.
Because these open systems are used for the drainage
of wastewater and stormwater, a noxious aroma can often
be smelled around channelized river systems. Besides, the
channels in urban areas in India are used by dwellers to dump
their wastes. (Bassi et al., 2014) Due to the absence of natural
obstructions, like trees and shrubs, and the poor quality of the
water, the biodiversity in these urban rivers is very low. On top
of that, the smell is making those areas unloved places to live.
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¹
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K

olkata

'green-blue' measure

B
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hopal
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Literature review

L

iterature

³ The measure is multi-functional, if it promotes one or more different functions in each of the three domains of sustainable
development: social, economic and environmental
⁴ Lowest (+) to highest (+++)

Purifying urban wastewater
Level
of scale

Type of measure 1

Street

(4a) Concrete
drain

Found in 2

District

Applicability 4 Explanatory notes

Reference Literature Wastewater Wastewater Multistudy
study
filtering
drainage
functionality ³

K
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L
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(5a) Wastewater
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B
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K
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+

B
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+
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+
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K
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+

+

B
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L

iterature

+

+

Closed system and
therefore more suitable
to drain wastewater
Gentle slope requires
more space, not suitable to drain wastewater

+
+

+++

Requires a slow passage
of the water

Table 2  Testing the applicability of the measures to 'purify urban wastewater' is done based on the three criteria: wastewater

filtering, wastewater drainage and multi-functionality
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3.4 PRELIMINARY DESIGN GUIDELINES
3.4.1 Definition

Integration
In or close to an urban environment, it can be expected
that land prices are higher than in a more rural context. Since
gentle slopes require more construction area, a combination
of a green boulevard with sitting steps and more steep slopes
covered with revetments has been proposed. Revetments,
concrete blocks or rocks that form a structure securing the
stabilization of the bank, are an example of a more grey measure derived from the floodwall principle. A road could be integrated along the waterfront, to ensure the connectivity of
this preliminary design guideline.

According to Prominski (in van den Brink et al., 2017: p.
194), one of the main challenges faced by researchers is to secure that the results of their research - and design - “is making
a difference on the ground”. Translating the findings from the
academic realm into design guidelines is described as a solution to create a stronger link between the two realms. In her
thesis, Klemm (2018: p.255) considers a design guideline to be
“a tool to support and give direction to the design practice”.
In this way, many other possible - but less suitable - interventions are excluded.

provides space for public utilities which could quickly recover
from flooding.

ȃȃ Economic benefits (e.g. stormwater storage and increase
in value of adjacent properties)

Multi-functionality
A floodable green corridor is a multi-functional preliminary
design guideline, because of the promotion of:
ȃȃ Social benefits (e.g. recreational)
ȃȃ Environmental benefits (e.g. connecting habitats)
ȃȃ Economic benefits (e.g. replenishment of groundwater)

3.4.3 Translation of the measures to purify
urban wastewater
Bioswale
purifying urban wastewater on street level

Green-blue buffer zone
guiding urban development on district level

Multi-functionality
A public waterfront is considered as a multi-functional
preliminary design guideline, because of the promotion of:
ȃȃ Social benefits (e.g. meeting area for communities)
ȃȃ Environmental benefits (e.g. clear demarcation between
the natural and the urban landscape)
ȃȃ Economic benefits (e.g. tourism)

As per the outcomes of testing the applicability of the
twelve measures from the reference study and literature
study, the most suitable measures to guide urban development and to purify urban wastewater in urban wetlands in
India would be all green-blue solutions. Therefore, as a starting point for all preliminary design guidelines, preference has
been given to a green-blue measure over a grey measure. In
most occasions, however, the translation to spatial guidelines
resulted in a combination of grey and green-blue measures.

Floodable green corridor
guiding urban development on park level
Figure 20  A bioswale as a preliminary design guideline to
purify urban wastewater on a street level

3.4.2 Translation of the measures to guide
urban development
Public waterfront
guiding urban development on street level

Application
The bioswale has been chosen as a measure to purify urban runoff along streets, to drain large quantities of urban
runoff to the purification facilities. In contrast to the concrete
drain alternative, the vegetation and organisms living in the
bioswale have the ability to treat the contaminations often
present in urban runoff, like oil from roads and heavy metals
from industries.

Figure 19  A green-blue buffer zone as a preliminary design

guideline to guide urban developent on a district level

Application
The green-blue buffer zone intervention is a perfect measure to create a natural boundary between urban development
and nature conservation. Especially water forms a physical, but
also a natural barrier to control human access. Furthermore,
a floating barrier, made of water hyacinth and other floating
material, could be applied in this preliminary design guideline
to prevent people from having access to particular areas.
Figure 18  A floodable green corridor as a preliminary design

guideline to guide urban developent on a park level

opent on street level: public waterfront

Application
A floodable strip of land alongside a river, with interconnected public green areas, has been chosen as a preliminary
design guideline. This could form a natural buffer zone preventing urban development to encroach upon eco-sensitive
areas.

Application
Because of the multiple functions provided to society, the
optimal location of a public, green waterfront would be close
to urban dwelling.

Integration
Interconnected public green could function as a framework for urban infrastructures, like roads and houses. In this
way, it controls urban development and at the same time

Figure 17  Preliminary design guideline to guide urban devel-
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Integration
Traditionally used concrete ‘U-shaped’ drains have the advantage that they occupy less space. Therefore, the choice has
been made to make a gentle slope at one side, and a straight
dam at the other. The gentle side is covered with reed and
other vegetation with purifying qualities. Considering the high
pressure on both sides of the embankment, the steep, retaining wall on the other of the bioswale is preferably made out
of one concrete slab.
Besides that, a separate sewer system is proposed, to
drain the sewage water independently from the stormwater
to the treatment facilities. Preferably, this is an underground
sewer, as this gives the lowest nuisance from the smell.

Integration
This green-blue buffer zone provides the possibility to integrate flood-proof buildings, like houseboats. Houseboats, in
contrast to constructing houses on elevated ground, do not
have an impact on the water storage capacity. Also, a road and
a vegetated dyke along the green-blue buffer zone could be
integrated into this preliminary design principle.
Multi-functionality
A green-blue buffer zone is considered as a multi-functional preliminary design guideline, because of the promotion of:
ȃȃ Social benefits (e.g. healthy urban living environment
and better connectivity by boat throughout the year)
ȃȃ Environmental benefits (e.g. connecting habitats)

Multi-functionality
A bioswale is considered as a multi-functional preliminary
design guideline, because of the promotion of:
ȃȃ Social benefits (e.g. healthy urban living environment)
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Riparian buffer zone
purifying urban wastewater on district level

ȃȃ Environmental benefits (e.g. connecting habitats)
ȃȃ Economic benefits (e.g. stormwater storage and increase
in value of adjacent properties)

Additionally, these measures have been evaluated based
on the criteria of a predefined analytical framework.
Based on the outcomes of the analytical framework
(Tables 1 en 2), the use of green-blue measures to generate
preliminary design guidelines was preferred above the use
of grey measures. Especially the multi-functionality of greenblue interventions could be of great value for the sustainable
development of wetlands in the vicinity of rapidly expanding
cities in a developing country like India.

Constructed wetlands
purifying urban wastewater on park level

In most cases, however, the addition of grey measures
to the green-blue spatial guidelines was providing the most

suitable results. For example, the inclusion of a wastewater
treatment plant in a riparian buffer zone would add a purification utility with a more controlled environment. In this way,
concentrations of substances present in the outflow of the
riparian buffer zone can be better regulated and the quality
can be guaranteed.
Before testing the results of this chapter, which are the
six preliminary design guidelines, in the case study area Deepor Beel, an analysis has to be conducted to investigate the
current functioning of the wetland system in relation to the
wide context.

Figure 23  Two fishermen unload their rich harvest from one of the sewage-fed fish ponds in the East Kolkata Wetlands
(photograph made by Sucheta Das, The Guardian)

Figure 22  A riparian buffer zone as a preliminary design
guideline to purify urban wastewater on a district level

Application
A three-layered vegetative buffer zone of trees, shrubs
and grass types alongside a stream or river, is chosen as a
design guideline to purify urban wastewater on the largest
scale mentioned in this part of the thesis, the district level.

Figure 21  Constructed wetlands as a preliminary design

guideline to purify urban wastewater on a park level

Application
Constructed wetlands are chosen as a measure to treat
urban wastewater on a park level scale. In the reference study
area East Kolkata Wetlands, wastewater from different sources is directed to the water. Therefore, a distinction has been
made for this guideline between two common wastewater
inflows. First of all, the seepage water from contaminated
places, such as a landfill site, is treated in a constructed wetland comparable to a helophyte filter. Secondly, domestic and
industrial wastewater is treated in a previously described system that can be best summarized as ‘sewage-fed aquaculture’.

Integration
Although a riparian buffer zone is a great way to increase
the quality of urban wastewater, this measure depends on the
quality of vegetation and organisms in an open environment.
Besides that, the functioning of riparian buffer zones relies on
the slow passage of water, which could be a problem in times
with large quantities of rainfall like in the monsoon season in
India. (Tiwari et al., 2016) To ensure that all contaminations
could be treated, facilities with more controlled circumstances - wastewater treatment plants - are added to this design
guideline. Moreover, a separated inflow of stormwater and
wastewater is recommended.

Integration
The wastewater from urban areas could contain very
high amounts of pollutions in a country with a fast-emerging
economy like India. Arising from the example of Kolkata, the
high concentration of dissolved harmful substances, such as
heavy metals and chemicals, could negatively affect the quality
of the fish and vegetables. (Hussan, 2016) As recommended
by Ynoussa et al. (2017), primary treatment of urban runoff is
desirable when using this guideline in practice.

Multi-functionality
A riparian buffer zone is considered as a multi-functional
preliminary design guideline, because of the promotion of:
ȃȃ Social benefits (e.g. healthy urban living environment
and recreation)
ȃȃ Environmental benefits (e.g. connecting habitats)
ȃȃ Economic benefits (e.g. replenishment of groundwater)

Multi-functionality
Constructed wetlands is an example of a multi-functional
preliminary design guideline, because of the promotion of:
ȃȃ Social benefits (e.g. recreational)
ȃȃ Environmental benefits (e.g. reduces the need to catch
fish in natural wetlands)
ȃȃ Economic benefits (e.g. source of livelihood to families)

Preliminary design guidelines

3.4.4 Conclusion
At the beginning of this chapter, a total of twelve measures have been extracted from the practical and theoretical
realm to either guide urban development or to purify urban
wastewater.
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Chapter image   Drone image of human settlements, the Garchuk-Pamohi road (left) and
the railway track (right) in the southern part of Deepor Beel. Taken in July 2018 (author's
collection)

4

Case study analysis

4.2 MACRO SCALE

4.1 INTRODUCTION
The preliminary design guidelines, generated in the previous chapter, could be used by others, both researchers and
practitioners, working on sustainable urban wetland development. However, before implementing, and thereby testing,
these preliminary guidelines in a specific case study area, it
is required to get an understanding of the dynamic structure
of urban wetlands. According to Hettiarachchi et al. (2015),
the way these complex social-ecological systems are currently
studied is one of the main shortcomings in present-day urban
wetlands governance.

This chapter aims to provide an answer to the third research question and describes what processes are having an
effect on the stormwater storing and wastewater purifying
capacity of the case study area Deepor Beel. Water storage and
water purification are two important functions provided by
the wetland to the city of Guwahati. However, as the wetland
is degrading, so do the functions. Therefore, it is necessary
to analyse the aspects that cause the degeneration of these
functions.
The analysis has been conducted at three different spatial
scales – macro, meso and micro - in order to get a comprehensive idea of the system. (Figure 24)

4.2.2 Climate

The largest scale, called the macro scale, analyses the
catchment area of the water management system of Guwahati. Parts of this urban water system was constructed artificially.
However, most of the existing water structures are formed by
the mighty Brahmaputra river and therefore the analysis on a
macro scale also includes the river system.

The climate in the north-eastern region of India is characterized by a humid, subtropical climate with an average annual
temperature of 22.2 degrees Celsius. (Center for Science and
Environment, 2016) The two seasons are distinguished by the
amount of rainfall.
The dry season lasts from October till May. In these
months, the temperatures in Assam are relatively low and the
region receives a very small amount of rainwater. Drinking
water in Guwahati is produced year-round, due to the presence
of a large river adjacent to the city. However, in other parts of
the north-east, drinking water in the dry period is secured by
artificial ponds and lakes. (Hemani & Das, 2016)
The monsoon season starts off with the month of June
and extends till late September. During these months, the temperatures can rise up to forty degrees Celsius, the humidity is
extremely high and the landscape receives an abundance of
rainfall. (Center for Science and Environment, 2016)

4.2.1 Location
Guwahati, frequently referred to as ‘the gateway to the
East’ (e.g. Alam et al., 2001; Hemani & Das, 2016), is located in
the north-eastern part of India and the capital city of the state
Assam. (Figure 25) For a long time, this remote area, adjacent
to the borders of China, Bhutan and Bangladesh, has been
the hideout of groups of rebels and insurgents. Although the
seven ‘sister states’ of north-east India, are better connected
to the outer world than ever before, there are still rebels living
in neighbouring states. For example, the last bomb attack in
Guwahati, claimed by insurgents living in area ‘owned’ by both
China as India, was only one decade ago. (Hemani & Das, 2016)

4.2.3 Water system

The fear for the rebels had a possible effect on the natural
areas in the north-eastern part of India, which were not affected by anthropogenic activities until recently. People were
afraid to enter large lakes as these grounds provided the living environment from guerrilla groups. (Alam et al., 2001) For
example, the largest lake of the north-east, Loktak Lake, has
been to a great extent unharmed from human intrusion. Also
in wetland Deepor Beel, the original tribes scared of other inhabitants of the region, in order to secure their own source of
livelihood. This has changed over time as more people settled
in Guwahati and reclaimed properties originally belonging to
local tribes.

Micro scale

Meso scale

The Brahmaputra river basin
The incredibly large quantity of rainwater during the monsoon season is drained by many small rivers, running from the
mountains of Bhutan north of Assam and the smaller hilltops
on the south of Assam to the Brahmaputra river. This mighty,
trans-boundary river starts in China (Tibet) and is one of the
major rivers in Asia, with a total length of nearly 3000 kilometres. (Rahaman & Varis, 2009) In the end, the Brahmaputra
river discharges in the Bay of Bengal in Bangladesh.
The annual sediment transportation of the Brahmaputra
river is one of the largest of all rivers in the world. (Rahaman
& Varis, 2009) Together with among others high precipitation
during the monsoon season and man-made obstructions, the
high amount of sediment is responsible for the fact that floods
in the Brahmaputra basin are a common phenomenon. (Mirza,
2011)

Macro scale

Figure 24  The three spatial scales on which the case
study area has been analysed (background image retrieved from Google Earth)
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North-eastern states
of India

Guwahati
city

State of
Assam

The urban
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Figure 25  Especially in times when there were no planes yet, the north-eastern states of India were difficult to reach from

other parts of India. (adapted from Hemani & Das, 2016)
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Figure 30  Formation of the river system at present-day Guwahati (adapted from Hemani & Das, 2016)

At most points along the Brahmaputra river, there are no
interventions made so far to channel the river. In theory, this
means that the river can be as wide as possible with a marginal
depth. However, the natural rocky hills on which the old town
of Guwahati is built are functioning as a funnel, decreasing
the wide of the river from tens of kilometres to less than a
kilometre. (Figure 26) Lately, the natural narrowness of the
passage is enhanced by new urban settlements on both sides
of the river, pushing the water level up in times of great discharges. The difference, measured in Guwahati, between the
water levels in the dry and the monsoon season, can rise up
to ten meters. (AIDMI, 2014)

Formation of the urban water system
The extremely high water levels near Guwahati are making the city vulnerable to heavy rainfall during the monsoon
season. At times of intense rain events, Guwahati is locked up
between a rising river on the north, and many smaller streams
running down the Shillong plateau on the south. This results,
as described by among others the All Indian Disaster Management Authority (2014), in so-called ‘waterlogging’ in the lower
lying urban areas of Guwahati.

Figure 27  Image of the Brahmaputra river basin made from space (by
Thomas Pesquet)
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The first inhabitants of Guwahati, started to settle on the
higher, dry parts on the southern bank of the river. However,
as a result of incredible rapid urbanization, people also started
to live in the swampy, low-lying areas. These new houses were
built in ‘valleys’ (Figure 29), which are remains of the former
course of the Brahmaputra river, as can be observed on the
second image of figure.
Because the stormwater, entering the city in the south,
cannot be drained naturally to the river during the monsoon
months due to the high levels of the river, the result is often a
‘flash flood’ in the lower parts of the city. The water retains on
streets and in houses for several hours or even days, affecting
the lives of the people in Guwahati to a great extent.
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Figure 26  Wide, flooded areas along the Brahmaputra river is a common thing in the north-east of India. However, due to
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natural rocky hills and urban settlements on both sides of the bank, the width of the river is only about a kilometre at Guwahati.
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4.2.4 Urbanization

Period after the liberation
After India’s independence in 1947, Guwahati faced urban growth like only a few Indian cities have seen it. Being a
swampy settlement with nearly 12.000 inhabitants in 1911, the
city grew to a vast agglomeration of over 1.26 million people in
2011 (Figure 31). (Hemani & Das, 2016) Three main reason can
be given for this incredible increase of the urban population.

The numbers reflecting the total number of inhabitants
living in Guwahati through the last centuries, show some major peaks and troughs. Roughly, we can distinguish two timeframes to analyse the urbanization of Guwahati, which are
the period of colonisation by predominantly the Ahoms and
the British rulers, and the period after India’s independence
in 1947.

Location
First of all, the geographic position of Guwahati in the
north-eastern region of India has strategic benefits, resulting in the establishment of major institutions during the last
century. The economic development was further accelerated
by the construction of the first bridge connecting both sides
of the Brahmaputra river in the north-east during the 1960s
of the twentieth century and the development of the Asian
Highway which passes Guwahati. This gave many people, especially young men, living in the small villages in the vicinity of
the city a reason to move towards ‘the economic hub of the
north-east’. (Hemani & Das, 2016)

Period of colonisation
The north-east, including the state Assam, was ruled by
the kingdom of the Ahom between the thirteenth and beginning of the eighteenth century. This was unique, because
during these centuries all other parts of India were ruled by
the Muslims of the Mughal Empire. (Hemani & Das, 2016) During the Ahom period, Guwahati served as a military basis and
was fortified with walls all around the city. The domination
of the Ahom was rudely stopped by the Burmese, living in
present-day Myanmar, and turned Guwahati into ruins in 1819.

Political centre
Secondly, which had also a major impact on the urban
growth of Guwahati, was to undo what was done by the British. Dispur, in the centre of Guwahati, became the headquarters of the state Assam in 1972. This made Guwahati once again
a political centre, which provided the city many jobs and thus
new inhabitants. (Mahadevia et al., 2014)

Shortly after, the annexation of India by the British in 1826
turned Guwahati once again in a major military basis. During
the British domination, Guwahati was used as an important
economic centre by the British to trade local products like
tea, coal and oil. (Alam et al., 2001) New infrastructure, such
as rail and road networks, let the state of Assam flourish during these days. However, urbanization in Guwahati stayed
behind compared to other cities in the world during the early
industrialization. (Mahadevia et al., 2014) The major products
produced in the region were produced on decentralised and
labour-intensive tea estates, coal quarries and oilfields. This
resulted in the emergence of small townships rather than the
rapid growth of the city. Therefore, the population of Guwahati was a mere 8394 people in 1891. (Hemani & Das, 2016)
Since the takeover in 1826, Guwahati served as the major
political headquarters of the region. However, this changed
when the headquarters of the state’s Commissioner shifted
to Shillong, a hill station south of Guwahati, in 1871. (Hemani &
Das, 2016) This decision led to a further decline of urbanization
rates in Guwahati during the British Colonial period.

Immigrants
Finally, following India’s partition in India and Pakistan,
Guwahati witnessed a population growth of more than 130
per cent in the period between 1951 to 1961 as a result of the
inflow of people from East Pakistan, the current Bangladesh.
(Hemani & Das, 2016) Also in today’s situation, immigrants
from the predominantly Islamic country are one of the major
reasons for rapid urbanization in Guwahati. (Mahadevia et al.,
2017) It can be expected that this number will further increase,
as climate change is badly affecting the densely populated
Asian country, resulting in many climate refugees in need of
finding a new place to settle.

Figure 31  Rapid urbanization in Guwahati visualized. The picture on the left shows the situation in the year 1971, just before

shifting the political to Guwahati. The picture on the right was the situation in 2011. The water spread area of Deepor Beel has
expanded due to the increase in the number of impermeable concrete surfaces (adapted from Hemani & Das, 2016)
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4.3 MESO SCALE
The intermediate scale, called the meso scale, primarily
analyses characteristics of urban wetland Deepor Beel and the
relationship between the wetland and the city. In this section,
the processes that had an effect on the urban water system
of Guwahati, including wetland Deepor Beel, have been studied. This provides a better understanding of the relationship
between the wetland and the city. Besides, the physical and
political boundaries of Deepor Beel are described, which is
at the same time providing an overview of the contradicting
decisions that have been made over the years.

4.3.1 The relation between city and wetland
The rapid urbanization of Guwahati, especially during the
last decades of the previous century, had a great impact on
the already pressured internal infrastructure and on the surrounding landscape, including the wetland areas. (Hemani &
Das, 2016) Based on GIS information, a map was made by Mozumder et al. (2014), showing the urbanized areas of Guwahati
in red (Figure 32). Except from wetland Deepor Beel and the
hills, it is hard to distinguish dark blue and light green pixels, respectively indicating urban water structures and urban
green, in the city centre of Guwahati. Urban settlements are
expanding rapidly in an uncontrolled and unplanned manner.
This section presents the current relation between the city
and what remains of wetland Deepor Beel.

Figure 32  Land use map of the south-western side of Guwahati, showing large stretches of urban settlements (red),
and forested hills (dark green) on the south of the city and
Deepor Beel (light blue) in between (Mozumder et al., 2014)

roads, malls and channels with concrete retaining walls on
both sides. The remaining ponds and wetlands have decreased
in water quality, reduced in size and are scattered throughout
the city. (Center for Science and Environment, 2016) Consequently, Guwahati is facing heavy flash floods during the monsoon period each year. (AIDIMI, 2014)
Deepor Beel is generally described as the last remaining
major stormwater retention buffer of Guwahati city. (e.g. Deka
et al., 2011; Mozumder et al., 2014) The increasing volume of
the surface water of the wetland caused by the inflow of
stormwater in the monsoon period, has been visualized by
Mozumder et al. (2014) (Figure 33). The yearly recurring flash
floods in urban areas are stating the relevance of conserving
Deepor Beel, in order to prevent further degradation.

Deepor Beel as the major stormwater basin
The city of Guwahati once consisted of hundreds of interconnected wetlands, streams and ponds. This comprehensive
natural system of blue structures arranged the drainage of all
rainwater from the city towards the mighty Brahmaputra river.
Because the city is surrounded by hills, this was a very valuable
system for Guwahati. (Alam et al., 2001)
Despite the significance of this system, most urban water
bodies in Guwahati have been replaced by residential areas,

Figure 33  The functioning of Deepor Beel as major stormwater retention basin. From left to right, the images are taken in
January (dry season), April (start of the monsoon) and July (middle of the monsoon) of the year 2011 (Mozumder et al., 2014)
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Deepor Beel as a source of livelihood
Wetand Deepor Beel, a permanent freshwater lake, is
an important source of livelihood in Guwahati and hundreds
of families still highly dependent on the services and goods
provided by this ecosystem. (Basistha, 2016) The waters of
Deepor Beel are predominantly used as fishing ground and
the swampy grasslands of the wetland are used as a grazing
field for cattle.

Deepor Beel as a biodiversity hotspot
A large number of migratory and endangered bird species has been the main reasons for the Ramsar Convention
Secretary to designate the Deepor Beel as a Ramsar site in
2002. (Deka et al., 2011) Among the special bird species found
in Deepor Beel are the Greater and Lesser Adjutant Stork, for
which people from countries all over the world come to visit
the wetland. (National Wetland Atlas India, 2013) Moreover,
a population of wild Asian elephants can be found in the periphery of the wetland. (Mitra & Bezbaruah, 2005)

About a decade ago, the further decreasing of the water quality made the water unusable for the irrigation of rice
fields. Also, citizens from Guwahati prefer not to eat fish that
has been caught in the lake anymore, due to the many contaminants found in the water. (Mozumder et al., 2014) These
developments constrain the already pressured original inhabitants of Deepor Beel even more. Based on interviews with
local people conducted in the field trips, it can be concluded
that more and more people of the original tribes are deciding
to sell their homes for lucrative amounts to large inventors.
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Deepor Beel as part of the City Masterplan 2025
The Masterplan for Guwahati has been prepared by the
Guwahati Metropolitan Development Authority (GMDA) in
2006 and adjusted since (Figure 34). (Hemani & Das, 2016)
What stands out about this plan in the context of the wetland
are the green areas surrounding Deepor Beel. These green
areas are referred to in the legend as ‘green belt’ and ‘other
areas’ under the eco-sensitive denominator. However, a further detailing of these areas is not provided.

Deepor Beel as a recreational area
As Sunday is the only day in the week to be free from
work for most citizens in Guwahati, this is the day to visit natural areas near the city and to picnic with friends or family.
In large numbers, this is done on the banks of Deepor Beel.
Although you cannot escape the view on the city, Deepor Beel
is a beloved place for its serenity. In addition, the abundance
of birds and other fauna that can be observed in the wetland
is a reason to visit.

Because of the lack of further elaboration of the peripheral
areas in the cities’ Masterplan, these areas of the wetland are
becoming more urbanized due to urban sprawl. (Deka et al.,
2011) Legislation and spatial boundaries are not influencing this
process, as it seems. A more detailed analysis of the wetland
boundary zones is provided in the next section.

Figure 35  The main infrastructure inside the periphery of Deepor Beel are forming the physical boundaries of the wetland

(background image retrieved from Google Maps)

Also, the construction of the elevated railway track caused
a reduction in the area for the water to spread during the
monsoon season. Accordingly, the water storage capacity also
declined.

4.3.2 The boundaries of the wetland
Spatial boundaries

Legislative boundaries

Highway
Deepor Beel is located in between two national highways, number seventeen and number twenty-seven, and is
demarcated in the south by the Garchuk-Pamohi (GP) road
(Figure 35). Only about one decade ago, the GP road used to
be a quiet and dusty road. (Keil, 2019) However, urbanization
turned this road into an intensively used road made of asphalt
in just a couple of years. The major reason for this, was the rapid expansion of the international airport of Guwahati located
on the west of Deepor Beel.

Ramsar
An internationally recognized legislative boundary has
been given to Deepor Beel in 2002. In this year, the wetland
was designated as a Ramsar site.
Bird sanctuary
More than a decade before Ramsar designated the wetland and praised the abundance of biodiversity present in the
urban ecosystem, the wetland had been recognized by BirdLife
International as being an important bird area. A few years later,
Deepor Beel was acknowledged as an important bird sanctuary in the state of Assam in 1989. (Center for Science and
Environment, 2016)

High flood line
Besides, the water spread area during the monsoon season is an important spatial boundary of the wetland. The High
Flood Line (HFL) is often taken as an important starting point
in wetland governance. (e.g. Kodarkar & Mukerjee, 2006)
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Figure 34  The 'comprehensive' Masterplan 2025 for the future

development of Guwahati Metropolitan area (GMDA, 2006)
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Wildlife sanctuary
Lastly, the wetland Deepor Beel was recognized as a wildlife sanctuary by the state in 2009. Especially the presence of a
large group of Asian elephants, living in the adjacent hills south
of Guwahati, made officials decide to declare the wetland as
a special site for wildlife. (Keil, 2019)
In 2014, a core area of 414 hectares has been demarcated with concrete pillars. In the same year, the management
and protection of this demarcated core zone came under the
authority of the Assam Forest Department. (Ministry of Environment & Forests, 2017)

Railway line
Finally, an unmissable spatial boundary is the railway track
right through Deepor Beel, indicated as a white dotted line
in the figure (Figure 35). The construction of the single-track
line took more than a decade and is having a great impact on
the wetland.
The railway line spatially divides the natural wetland into
two and is considered to be a great danger by conservationists
of the Asian elephants living in the southern forested hills.
Since the trains started running in 2001, fourteen elephants
have died as a result of a collision with a train. (Keil, 2019)
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4.3.3 Conflicts in decision-making
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Despite the national and international recognition as being a wetland with significant importance, some conflicting
decisions has been made over the years with respect to the
conservation of Deepor Beel (Figure 36).

4.4 MICRO SCALE
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Railway line - Bird sanctuary
First of all, the constructions of the railway track has begun
in 1989, which is the same year as the acknowledgement of
Deepor Beel as an important bird sanctuary. (Keil, 2019) The
construction was finished in 2001; just one year before the
Ramsar designation.
Moreover, constructions to turn the single-track into a
double-track have started in 2018. Currently, it takes a train
forty minutes to reach the other side of Deepor Beel. Doubling
of the railway track would make it possible for more trains to
pass the wetland. The constructions have temporarily been
stopped, because of the national and international resistance
against the interventions. (Bhuyan, 2019)
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The inflow of domestic sewage water is resulting in an unnatural amount of nutrients and other materials in the water,
called eutrophication. (Mozumder et al., 2014) Eutrophication
in Deepor Beel is caused by an excessive concentration of both
the total nitrogen (TN) as well as the total of phosphorus (TP),
as shown in the table (Table 3).
Due to a small quantity of rainwater and the relatively
large quantity of sewage water, you would expect that the
eutrophication levels in Deepor Beel are the highest during the
dry season. However, although still above the standards that
indicate the extent of eutrophication, the values of TN and TP
are generally lower in the dry period compared to the start of
the monsoon season. This is caused by huge concentrations
of organic material and eroded sediments in the rainwater,
originating from the surrounding hills. (Boks, 2018) Besides
that, phosphate is released from the bottom of the lake due
to the inflow of larger quantities of rainwater, explaining the
immense growth of aquatic macrophytes, such as water hyacinth, at the start of the monsoon season. (Hemani & Das,
2016) The concentrations are lowering significantly during the
monsoon season, because of the dilution of the water with
cleaner rainwater. This reduces the number of aquatic plants
found in Deepor Beel in the second half of the raining season.

The micro scale is the smallest spatial scale on which the
wetland system has been analysed. This scale zooms in on the
inlet of the wetland on the east side, called the Pamohi District.
The contradicting decisions for Deepor Beel described in the
previous section, are very much visible in this district of Deepor
Beel. This will be further explained in this section. Also, the
significance of this area is described, followed by the major
causes of degradation of this particular site.

4.4.1 Significance of conservation
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Landfill site - Ramsar
Secondly, the Guwahati Municipal Corporation (GMC)
voted for the approval to locate the municipal landfill site in
the periphery of the wetland. In 2005, just three years after
the Ramsar Convention declared the site as a Ramsar site, the
dumping started. (Center for Science and Environment, 2016)
Nowadays, this landfill site is about ten meters high and
provides a livelihood to dozens of families and endangered
species like the Greater Adjutant Stork. (White, 2015)
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Buildings - Wildlife core area
Finally, the recent completion of private and government-supported buildings in the surroundings of the wetland,
like hotels and educational institutions, are leaving doubts
about the real intentions of officials, as well as the private
sectors. The core area of 4.14 km² has been described by the
government of Assam as a zone ‘without human intrusion’.
However, newly constructed buildings adjacent to the
core area are having a huge impact on this area. For instance,
according to the Assam Science Technology & Environment
Council (ASTEC), soil from the core zone has been used for the
purpose of landfilling to construct a new hotel just outside the
core area. (Center for Science and Environment, 2016)
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Being the inlet of Deepor Beel, the area of Pamohi District
plays a major role in the urban water system of Guwahati (Figure 37). The river that flows through this district, called the
Pamohi river, connects the channels of the city with the wetland. The fluctuations in the water quantity and quality drained
by this river are huge, caused by, among others, the differences
between the two seasons and antropogenic activities.

A polluted inlet
In the dry season, the quality of the water in the Pamohi river is very poor. (Hemani & Das, 2016) Throughout the
year, the inflow of wastewater from the city is very steady.
Compared to the low volume of rainwater, the concentration
of nutrients and other contaminations is very high in the dry
season. (Boks, 2018) This turns the Pamohi into a black, stagnant stream.
The water of the Pamohi contains predominantly wastes
of domestic and industrial sources. However, since the landfill
site in Pamohi District started operating in 2005, also polluted
seepage water from this source is mixed with the wastewater
from the city. This is a relatively new, but major threat for the
water quality of Pamohi and, therefore, for the water quality
of Deepor Beel. As suggested by Boks (2008), we concentrate
on the sewage water from the city, because of the lack of data
showing the water pollution caused by other sources.

Parameter

Deepor Beel
Dry

Monsoon

Standars for
eutrophication

TN (mg/L)

1-2

0,5 - 1,5

1,5

TP (mg/L)

0-1

2-5

0,05

Table 3  An overview of the concentrations of the total nitro-

gen (TN) and the total of phosphorus (TP) found in Deepor
Beel in both the dry and the wet season (Boks, 2018: p. 11)

Figure 37  Overview of the Pamohi District and the inflow of
the Pamohi river in Deepor Beel. (author's collection)
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Volume in Deepor Beel, in relation to precipitation
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Based on the SWMM model of Boks (2018), it can be concluded that the inflow volume at the inlet point of Deepor Beel
is significantly lower during the dry period than in the wet period. In the dry period, a very constant volume is discharged in
Deepor Beel of about 0.8 cubic meters per second (Figure 41).
In the wet season, several peak discharges of the Pamohi river
can be observed, which show a strong correlation with the precipitation (Figure 38), with a maximum peak discharge during
the second half of July. A total of 120 cubic meters of water per
second is flowing in Deepor Beel at the inlet point (Figure 42).
To compare, the discharge of the Brahmaputra river at Guwahati is about 40.000 cubic meters of water per second around
the same period in July. (Rahaman & Varis, 2009)

Figure 38  Fluctuations in the volume of water in Deepor Beel (solid blue) related to the precipitation (white rimmed) in the
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In order to calculate the total volume of water entering
Deepor Beel at the given inlet point, the volumes passing by at
the three nodes, indicated in the figure as 1, 2 and 3, have been
summed up. Running the SWMM model for both the dry and
the wet period gave the total volume of water in cubic meter
per second at the inlet point of Deepor Beel in Pamohi District.
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Figure 41  The inflowing volume at the inlet point of Deepor
Beel during three months in the dry season of 2017 (adapted,
from Boks, 2018)

Total inﬂowing volume at inlet point Deepor Beel
wet season (Jun - Aug) of 2017
Inﬂowing volume (m³/s)

The results of this SWMM model (Boks, 2018) show,
among others, indications for the quantity of water that enters
Deepor Beel via Pamohi District. The orange dots in the figure
illustrate measuring points: at these nodes, the water volume
is calculated of two or more joined waterways (Figure 39).

Inﬂowing volume (m³/s)

dry season (Jan - Mar) of 2017

In order to obtain further understanding of the existing
water system Pamohi river, the results of a Storm Water Management Model (SWMM) for the city of Guwahati have been
analysed. Based on data from 2017, this model was developed,
tested as described by Rianne Boks in collaboration with Arcadis.

Due to a vast increase in the urban settlements in the
periphery of the Pamohi river, the natural functioning of the
system is disrupted. In other words, urban encroachment is
narrowing the passage of the Pamohi river, causing more
floods to occur in other areas. (Gogoi, 2013) On top of that, the
intensity and frequency of extreme rain events are projected
to increase, disrupting the already stressed water management system of Guwahati even further. (Hemani & Das, 2016)

District over the period 2003-2018 (urban settlement data collected from Google Earth)

Total inﬂowing volume at inlet point Deepor Beel

period of two months in the monsoon season (adapted from Boks, 2018)

A narrowed passage
As explained in the ‘climate’ section at the beginning of
this chapter, Guwahati receives an abundance of rainfall in the
monsoon season. During extreme weather events, the city
is locked-up between the mighty Brahmaputra river and the
surrounding hills. Most rainwater that falls in the hills south
and south-east of Guwahati is drained to Deepor Beel. (Deka
et al., 2011) This rainwater needs to pass Pamohi District if it
wants to reach the retention basin Deepor Beel. The figure
above highlights the enormous quantity of stormwater that is
guided through the Pamohi river during the monsoon months
of June and July (Figure 38).

Figure 40  Visualization of the rapid urbanization in Pamohi
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Figure 42  The inflowing volume at the inlet point of Deepor
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Figure 39  A part of the SWMM model developed by Boks (2018). For this thesis, the model run to obtain the combined inflow

Beel, during three months in the wet season of 2017 (adapted
from Boks, 2018)

Ignored significance
Despite being the major inlet to wetland Deepor Beel seen
from the city centre, the area of Pamohi District has not been
recognized as a significant site yet. First of all, based on the
map of Ramsar site Deepor Beel as published on the official
site of the Ramsar Convention, the area in which Pamohi river
is located was not designated by Ramsar in 2002. Secondly,
the area is not part of the demarcated area of the wildlife
sanctuary, neither of the bird sanctuary. And lastly, the pe-

riphery of the Pamohi river has been ignored in the city’s development plan for 2025. (Hemani & Das, 2016) It is very likely that
the neglection of Pamohi District in important conservation
acts, is the major reason for the uncontrolled urban sprawl
and pollution of the area after the turn of the millennium.
(Figure 40)

(in cubic meters per second) at the inlet point of Deepor Beel, indicated on the map as 'inlet'
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4.5 CONCLUSION OF THE ANALYSIS

Deepor Beel is considered as a vital segment in the urban
water system of Guwahati. However, the current functioning
of the water management system does not meet the expectations in many ways. First of all, all kind of contaminations from
households, industries and landfills are accumulating in the
water of the urban channels during the dry season. This does
not only scatters a bad smell, but also causes an unsafe environment in the core parts of the city. Besides that, the floods
that occur after intense weather events are severely affecting
the lives of thousands of people in Guwahati every year.

As a response to these new developments, the area of
Deepor Beel was added to a list of several conservation acts,
including the internationally recognized designation of the
Ramsar Convention. However, different approaches and ideas
in dealing with urban wetlands have resulted in conflicting
decision-making with respect to Deepor Beel.
As the major inlet of both rain and urban wastewater, the
Pamohi is a fundamental component in the proper functioning
of Deepor Beel. However, the area in which the river is located,
called Pamohi District, is excluded in all Deepor Beel conservation acts. As a result, Pamohi District is suffering greatly from
the consequences of rapid urbanization.
First of all, the river passage is getting more narrow, due
to the mushrooming of warehouses on the banks of the river. Besides that, the inflow of untreated wastewater and the
presence of the municipal landfill in the same area, are severely
affecting the water quality of the Pamohi river. As the polluted
water is flowing directly towards the surface water of Deepor
Beel, the water quality of the wetland also declines.

4.5.1 Causes behind the declining qualities
of wetland Deepor beel

4.5.2 Design assumptions based on the
analysis

The degradation of urban water bodies in Guwahati predominantly started with the incredible growth of urban areas
after India’s independence in 1947. The three main reasons for
this growth were the shift of the secretary to Guwahati in the
1970s, the influx of immigrants predominantly from the current
Bangladesh and the advantageous location in the north-east,
resulting in the construction of the adjacent Asian Highway
and other vital infrastructure
Water bodies in urban areas were drained and filled, to
obtain more space for the construction of new houses and
infrastructure. As the urban growth in Guwahati came without
the expansion of an adequate sewer system, the remaining
water bodies were seriously polluted by eutrophication due
to the inflow of domestic water.

Continuing pressure on the existing urban water
system
Based on the decadal urban growth rates of the last 120
years, it is very likely to assume that the urbanization in Guwahati, although less than previous decades seen the decreasing
rates in the decadal growth, continues in the coming decades
(Table 4). This means that the total of sewage water, generated by the city, will also increase. Besides that, the pressure on
vacant land close to urban areas, such as the fields of Deepor
Beel, will increase. On top of that, the changes in the frequency
and intensity of rain events as a result of climate change, will
further disrupt the already stressed urban water system of
Guwahati. (Hemani & Das, 2016)

To be in the position to test the previously generated preliminary design guidelines (Chapter 3) in the case study area
Deepor Beel (next Chapter), a better understanding of the
current functioning of the system was required. This analysis
focused on the causes behind the dysfunctioning of two important qualities of a wetland in the vicinity of cities: storing stormwater and purifying wastewater. To get a comprehensive view,
the analysis was conducted at three different spatial scales.

For a long time, wetland Deepor Beel seems to be spared.
The surroundings of this freshwater lake were inhabited by
local communities only, and the resources were used in a sustainable way. However, as the extremely rapid growth in Guwahati in the second half of the previous century continued,
new infrastructure was constructed in the periphery of the
wetland. Highways on both sides of the bank and a single-track
railway line, right through Deepor Beel, were constructed.
The ancient natural boundaries of the wetland, which was
the water spread during the flood season, was replaced by
human-build infrastructure. Together with the construction of
new houses and institutions, the elevated infrastructure had a
negative impact on the biodiversity and let the water storing
capacity of the wetland significantly decline.
Case study analysis

Figure 43  The minister of Assam announced in June 2019 the

search for alternatives to the railway track through Deepor
Beel (The Assam Tribune, 2019)

Figure 44  Most parties a convinced of the existence of another, more suitable place for the landfill of Guwahati rather
than in the periphery of the wetland (The Sentinel Assam, 2019)

Relocation of the railway track

Relocation of the landfill site
The last assumption for the design is the relocation of the
landfill site at Pamohi District. Both the National Green Tribunal
(NGT) of India and the Guwahati Municipal Corporation (GMC)
are convinced that a better place for the garbage should be
found. Therefore, the assumption has been made that this site
will be shifted in phases to another place in about five years.
This assumption also includes the contaminations that most
probably stay behind in the soil and in the groundwater. The
treatment of these pollutants should also be included in the
design.

Based on the analysis, the design assumption has been
made that the railway track, which is currently going right
through Deepor Beel, will be shifted in the future. The recently started constructions on doubling the track have been
stopped due to protests. This would be a great time to shift
this single-track to a place more north of Deepor Beel. In this
way, the trains will less hamper the wildlife living the nearby
hills in the south of Deepor Beel, which are using the wetland
as a drinking and feeding area.

Figure 45  The best way to make observations in the field was visiting Deepor Beel by boat. This photo was made during the

very first field trip to Deepor Beel in October 2017. The arches of the railroad bridge are visible in the back. (author's collection)

Table 4  The trend in the decadal population growth in Guwa-

hati (Hemani & Das, 2016)
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Chapter image   Drone image of the landfill site (left), the Pamohi river flowing into Deepor Beel and the warehouses (right) in Pamohi district at the eastern side of Deepor
Beel. Taken in July 2018 (author's collection)
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5.2 CONCEPTUAL DESIGN FOR AN IMPROVED URBAN WATER SYSTEM
5.2.1 Aim of designing the wetland periphery

5.1 INTRODUCTION
5.1.1 Connection to guidelines

made in three scales – macro, meso and micro - of analysis.
In this chapter, a distinction has been made in two different spatial scales: the periphery of Deepor Beel and the district
called Pamohi. The first takes an area in consideration in between the macro and the meso level of the case study analysis
chapter. The latter, the Pamohi District, puts emphasis on an
area in between the meso and the micro level of the analysis.

The third chapter of this design thesis contains the description of the defined preliminary design guidelines, generated
from ‘green-blue’ and ‘grey’ measures identified in a reference
study and a literature study. The subsequent chapter, chapter
four, presented an extensive analysis of the case study area
Deepor Beel.
The outcomes of both chapter three and chapter four provide the input for this chapter, the case study design for urban
wetland Deepor Beel, and aims to answer the main research
question on two different spatial scales. In short, the larger
spatial scale considers wetland Deepor Beel as an essential water management infrastructure of the urban water system, and
focuses on improving the functioning of this system. On the
smaller level, the emphasis is put on implementing and testing
the preliminary design guidelines in an area that suffers most
from the consequences of rapid urbanization in Guwahati.

Wetland periphery
At this level of intervention, called the ‘wetland periphery’,
the focus is on the existing and new to develop blue structures
of the urban water management system. This conceptual design aims to improving the urban water system and enhancing the relationship between the wetland and the city. These
interventions on a conceptual level are then further detailed
on a smaller scale at one particular site: the Pamohi District.
Pamohi District
At the smaller intervention level, the six preliminary design guidelines to promote sustainable development of urban
wetlands are being tested on a specific site in the case study
area Deepor Beel. For this specific site, here referred to as
‘Pamohi District’, a detailed site design has been made. The
analysis of the micro scaled indicated the importance of this
area as being the inlet to Deepor Beel. However, the analysis
also showed the vulnerability of this area for urban encroachment and pollution.

5.1.2 Levels of design
A multi-scale design approach is important to show the
interconnectivity of the design interventions at various scale
levels, in order to form a network of green and blue structures. (Savard et al., 2000) In chapter three, a distinction has
been made in three spatial scales – street, park and district
- on which the generated preliminary design guidelines are
predicted to be most suitable for implementation. In the case
study analysis presented in chapter four, a difference has been

The discussion on the functions and objectives of these
buffer zones, however, has gradually shifted towards regarding them more as a social-ecological system in which both areas could benefit from each other. This is in line with the shift
made by the Ramsar Convention on regarding wetlands in the
vicinity of a rapidly expanding city. (Hettiarachchi et al., 2015)

According to the many, freshwater lake Deepor Beel already plays a vital role in the water management system of
Guwahati at the moment. (e.g. Deka et al., 2011; Hemani &
Das, 2016; Mozumder et al., 2014) However, the city is still
facing severe waterlogging, i.e. floods in urban areas, during
the monsoon season each year. (Hemani & Das, 2016) Besides
that, seriously contaminated water accumulates in the urban
water system and stagnates during several months in the dry
season. (AIDMI, 2014)
This conceptual design, for the periphery of Deepor Beel,
aims to enhance the integration of the wetland in the broader
urban water management system, in order to increase the
opportunities of the wetland to solve urban challenges. This
potentially improves the relation between the wetland and
the city, strengthening the compliances of society with conventions such as the Ramsar Convention.

Besides that an urban wetland could be viewed as a buffer
zone between natural and urban areas, this buffer zone area
itself also requires a buffer zone to be protected from, for
instance, urban sprawl. (Center for Science and Environment,
2016)

No-development zone
To protect the wetland from urban sprawl, a ‘no-development zone’ is proposed all around the borders of Deepor
Beel. As in the example of Bhoj Wetland in Bhopal, described
by Kodarkar & Mukerjee (2006), a no-development zone of
50 meters from the High Flood Level (HFL) will be applied.
(FIGURE) This intervention is indicated in the figure by a yellow border of roughly 50 meters wide all around the HFL of
Deepor Beel.

5.2.2 Zoning plan for the wetland periphery
Zoning is a guiding principle in many conservation programmes and projects. Often, it applied to allow protection
of important, natural assets to be combined with human use.
In early discussions about protecting valuable natural environments by using buffer zones, these zones were primarily
regarded as “a means to minimise the negative impacts of
human settlement and activities on the areas to be protected”
(Ebregt & de Greve, 2000: p. 9). Mainly, this was ensured with
imposed restrictions on use and access.

Since large parts of Pamohi District are low-lying areas,
these parts inundate during the raining season each year.
Therefore, the buffer zone of 50 meters from the HFL is all
around the Pamohi District. By applying the preliminary design
guidelines for ‘guiding urban development’ in this area, the
appearance of the no-development zone will be given shape.
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Figure 46  The two spatial design scales, which are in between

the three scales of the analysis (background image retrieved
from Google Earth)
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Purification zone
In order to enhance the water quality in both the wetland
as well as in the city throughout the year, a purification zone
and a new stormwater channel are proposed at the location
of the Pamohi District. As described previously, this neighbourhood of Pamohi is in between the city and the Ramsar wetland
Deepor Beel. However, as Pamohi District is not part of the
designated protected sites, which are under the conservation
of the Ramsar Convention and the Ministry of Environment
and Forests of the state Assam, the area is very vulnerable to

the consequences of rapid urbanization.
The functioning of this new proposed purification zone
is explained through four conceptual diagrams. In these diagrams, a distinction has been made between the dry season
and the wet, i.e. t monsoon, season.
The further elaboration of the purification zone Pamohi
District is done through the implementation of the generated
preliminary design guidelines for ‘purifying urban wastewater’.
This will be described in the next section of this chapter.

Wet season
The existing situation		
(Figure 50)
Currently in the wet - monsoon - season, large quantities
of rainwater are running from the surrounding hills to the
lower parts of the Guwahati city. As a result, vital low-lying

infrastructure, such as the core roads in the city centre and
the international airport of Guwahati, is submerged after an
intense rain event for several hours or even days. (Hemani &
Das, 2016)
BRAHMAPUTRA RIVER

WET
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Existing lock is closed

Existing pump is running

Existing pump is running

EXISTING

CITY

DEEPOR BEEL

ponds & channels

retention reservoir

5.2.3 Conceptual visualization of the
purification zone

Direction
of the water ﬂow

Large quantity of
rainwater from the hills

Dry season
The existing situation
(Figure 48)
Currently, the rain that falls on the hills surrounding Guwahati is mainly drained naturally via several smaller rivers
towards the channels in the city. In the dry season, the quantity

of rainwater is very low. This results in stagnant water during
this period of year. As more contaminations with a domestic
and industrial source accumulate in the channels of the city,
the water becomes darker and the smell gets more intense.
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Figure 50  Conceptual diagram for the existing situation of the urban water system in the wet season

The proposed situation
(Figure 51)
In the proposed situation of the wet season, as much as
possible wastewater from urban areas will be guided through
the purification zone of Pamohi. However, if an intense rain
event is causing too much water to be drained via this purification zone, the new stormwater channel will take over. A
further elaboration of the water quantity and quality is done
in the next section of this chapter.

All water falling in the hills south of Guwahati will, in the
new proposed situation, be drained directly towards the retention reservoir Deepor Beel. It is not required to purify the
large quantities of rainwater, and therefore the stormwater
will be used as a bypass of the purification zone.
The existing locks - connecting the channels of the city and
Deepor Beel with the Brahmaputra river - are closed and the
existing pumps are running in order to release water stormwater.
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Figure 48  Conceptual diagram for the existing situation of the urban water system in the dry season
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The proposed situation
(Figure 49)
By designating a purification zone - between the city and
the wetland - and by designing a new stormwater channel connecting the wetland and the city - a continuing circle in the
water system can be guaranteed. Because a limited inflow of
rainwater in the urban environment in the dry season, this
will be done in an artificial way by pumping ‘clean’ water via

the stormwater channel from the reservoir area Deepor Beel
towards the city. In this way, the polluted drains are being
flushed. The contaminated urban wastewater is then drained
to the lower located purification zone of Pamohi District and
released in Deepor Beel after being cleaned. In this new situation, the existing locks - connecting the channels of the city
and Deepor Beel with the Brahmaputra river - are closed.
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Figure 51  Conceptual diagram for the proposed functioning of the urban water system in the wet season
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Figure 49  Conceptual diagram for the proposed functioning of the urban water system in the dry season
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5.3 DETAILED SITE DESIGN OF THE PURIFICATION ZONE
5.3.1 the site design plan

Figure 52  Site design for the Pamohi District. A difference has been made in three stages of the purification system: a riparian 		

(2.3). The latter location are planned at the current landfill site of Pamohi. However, it is assumed that this site will be remove-		
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buffer zone (stage 2.1), a system of sewage-fed fishponds (2.2) and a combination of wet agriculture and constructed wetlands
ed in a few years. Furthermore, areas have been designated for the development of houses, markets and a visitor centre.
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5.3.2 Implementation of the preliminary design guidelines: guiding urban development

5.3.3 Implementation of the preliminary design guidelines: purifying urban wastewater

Public waterfront
(Figure 53)
As stated previously in chapter three, the most suitable
location for a public waterfront would be close to urban dwelling. Because the city of Guwahati is predominantly located
at the north-east of the Pamohi District, the choice has been
made to make a wide boulevard along the Pamohi river on the
north. The position close to the city, also makes the northern
part of Pamohi District most vulnerable to urbanization. A wide
waterfront in the north would provide a strong framework for
urban development, guiding the currently uncontrolled urban
sprawl in this area.
Besides that, a waterfront blocks the water during high
water levels in the monsoon season, guaranteeing the safety
of the people living behind the structure. Moreover, several
other functions could be integrated into this boulevard. The
walkway on top of the water-retaining structure potentially
functions as a meeting point for the locals, while at the same
time providing a beautiful view on wetland Deepor Beel for
tourists.
The material used for the construction of the waterfront
depends on the location. For the more narrow part at the inlet
of the Pamohi, it is preferred to use robust materials, such as
revetments. At the wider areas in the design ara, it is expected
that the water flow will be significantly lower compared to the
narrow inlet and, therefore, softer materials could be used
here. A proposed softer material would be the use of soil, dug
out from the Pamohi District to increase the storage capacity.

Bioswale
(Figure 55)
Bioswales have been implemented at several locations
in the site design for Pamohi District. These open structures
along streets are great tools to drain large quantities of urban runoff to other areas. In this way, a bioswale could be a
potential design guideline to improve the functioning of the
urban water system of Guwahati. Because contaminations are
often present in urban runoff, especially in India, the ability of
a bioswale to filter water is a great advantage.
However, since a bioswale is an open structure, it would
not be a suitable tool to drain urban runoff and sewage water at the same time. Therefore, it is suggested to include a
separate sewer system alongside the bioswale. In the design
for Pamohi District, it is proposed to drain the sewage water
to the treatment zone.
Also, it is suggested to construct one steep side and one
gentle, vegetated side. A retaining wall requires less space,
while the other vegetated slope promotes purifying qualities
and other important
functions.

Figure 53  The implementation area of the preliminary design

(Figure 54)
Green-blue corridor
After testing the preliminary design guidelines 'green-blue
buffer zone' and 'floodable green corridor' in the case study
area, it can be concluded that both guidelines do not differ much from each other. Because both are tools to
guide urban development and to connect public
and restricted areas with each other `on various
levels of scale, the two preliminary guidelines
have been merged. From now onwards, the preferred name of the combined guidelines would be a
'green-blue corridor'.
A green-blue corridor promotes the connection between
habitats, which potentially increases biodiversity. Besides that,
the green and blue structures are connecting human habitats
as well. This promotes the social cohesion between different
communities in an area. Just like the previous preliminary design guidelines 'public waterfront', the soil dug out to make
the blue structures is a perfect material to elevate the vegetated areas.
Besides the connecting function of a green-blue corridor,
the preliminary guideline was used in the design to create a
new, strong edge between urban settlements and the Pamohi
river. A clear demarcation between an urban area and a natural area is believed to be a tool to guide urban development,
Figure 54  The implementation area of the two preliminary especially when dealing with incredibly rapid urban growth.
design guidelines 'floodable green corridor' and 'green-blue
buffer zone'
Case study design

Figure 55  The implementation area of the preliminary design

guideline 'public waterfront'. The black line in the north of
Pamohi District is a wider public boulevard. The thinner, white
line at the south of the district represents a much smaller walkway, providing no other functions besides a connector between
communities.
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guideline 'bioswale'

(Figure 56)
Constructed wetlands
Constructed wetlands are proposed at two locations in
the site design for Pamohi District. The first location is the
landfill site. As stated in the end section of chapter four, it is
assumed that this landfill will be removed in a time span of five
years. Meanwhile, constructed wetlands with only vegetation
can filter the seepage water and remaining contaminations
in the soil.
The other location of constructed wetlands is in the middle
part of the design for Pamohi District, indicated on the site
plan as stage 2.2 (Figure 52). This area shows the sewage-fed
fishponds and will be further described in the next section of
this chapter.
Figure 56  The implementation area of the preliminary design

guideline 'constructed wetlands'

Riparian buffer zone
(Figure 57)
The last preliminary design guideline that has been tested
in the site design for Pamohi District is 'riparian buffer zone'.
As described in the example of East Kolkata Wetlands, the
water that enters the sewage-fed fishponds require a certain
water quality. The riparian buffer zone has been added to the
purification system as the first stage of purification, indicated
on the site plan as stage 2.1 (Figure 52).
Besides that, to ensure a constant quality of the water,
closed systems for treatment, in the form of wastewater treatment facilities, have been joined in this riparian buffer zone.
These facilities only have to run, when the quality provided
by the riparian buffer zone is not sufficient enough for the
sewage-fed fishponds.

Figure 57  The implementation area of the preliminary design
guideline 'riparian buffer zone'
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5.3.4 Potential impact of the design on the water quantity
Peak discharge
During the entire duration of the monsoon season, about
a dozen peak discharges of the Pamohi river can be observed.
This can be concluded from the Storm Water Management
Model (SWMM), decribed in chapter four. In 2017, a maximum
discharge of 120 cubic meters per second was measured. To
compare, the river IJssel, among the rivers with the highest
discharge in the Netherlands, has an average discharge of 340
cubic meters per second. (Rijkswaterstaat, 2017)
Considering the relatively high peak discharge of a river
with this size, it is recommended to use robust materials at the
narrow inlet of the Pamohi District. At this point, the water is
pushed up, which requires higher embankments on both sides
(Figure 58). At other, wider sections, the water has a larger
area to spread, requiring lower embankments (Figure 59).

The design anticipated on this difference in water levels.
Between the inlet of the Pamohi river and the outflow in Deepor Beel, the water is gradually declining in three steps. In
between each of these three, a threshold is located.
Dry season
In the dry period, the quantity of the rainwater is low.
Running the SWMM gave a constant low inflow of about 0,8
cubic meters per second at the inlet point of Deepor Beel.
Since the water quantities are low, the Pamohi river can easily
discharges all the water towards retention reservoir Deepor
beel in the dry season. (Figure 60)
Monsoon season - normal precipitation
At the beginning of the monsoon season, the discharge of
the Pamohi starts to increase. At a certain moment, the water
flow can not be drained by the Pamohi river alone.

Cascading water levels
For the design of the Pamohi District, a distinction has
been made in three zones. (Figure 52) These zones, or stages,
differ naturally in height. In the dry period, the water level of
Deepor Beel is about 47 meters Mean Sea Level (MSL), while
at the same time the water level at the inlet of the Pamohi is
about 50 meters above MSL. (Mozumder et al., 2014)
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At this point the water is also released in the stormwater channel by opening a weir at the inlet of Pamohi
District.
The construction of a stormwater channel in Pamohi
District is highly recommended, because of the possibility
to drain clean rainwater directly to the retention reservoir
Deepor Beel. (Figure 61)

1 km

Monsoon season - peak precipitation
Based on the outcomes of the SWMM model, it is
expected that both the Pamohi river as well as the new
stormwate channel won't sustain during peak discharges Figure 60  Situation in the dry period. The Pamohi river can hanin the monsoon season. At this point, the three threshold dle the inflowing water alone.
have reached their limits and start to overflow. (Figure 62)
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The height of the embankments on both sides needs
to be sufficient, in order to ensure the safety of the people living behind the stormwater barriers. As visualized
in the sections, the embankments at the narrow inlet of
the Pamohi river require a different height than the ones
located in the broader areas of the district. (Figure 58)
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Figure 61  Situation at the start and at the end of the monsoon.
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Figure 58  Section 1 is at the inlet point of Pamohi District.
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Figure 62  Situation at peak discharges in the monsoon period.

All the three tresholds have reached their limits and the water is
flowing directly to Deepor Beel
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Figure 59  Section number 2 is located at a much wider location in the design than section 1, namely in the riparian buffer zone. 		
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At this location, the passage of the water is about one kilometre, which require lower embankments on both side.
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Figure 63  Isometric section of the riparian buffer zone, the

5.3.5 Potential impact of the design on the water quality

first stage of the water purifying system in Pamohi district

Purification of sewage water
The daily inflow of sewage water is causing an accumulation of the nutrients phosphorus and nitrogen in the water of
Deepor Beel. These concentrations are much higher than in
natural wetlands and result in, among others, the excessive
growth of water plants, like for instance the water hyacinth.
(Boks, 2018; Mozumder et al., 2014)
In the example of Kolkata, the estimates diverge about the
total litres of sewage water that flows in the East Kolkata Wetlands. The estimates differ between 700 million litres per day
(Doshi, 2017) and more than 900 million litres per day (Kundu
et al., 2008). The introduction of these large amounts of sewage into these wetlands should greatly favour eutrophication,
as the sewage contains excess nutrients. However, studies
have demonstrated that the total of nutrients was removed
considerably over a short time span. (Raychaudhuri, 2008)

However, Kolkata is also a much larger city, with a total
population of roughly 12 million in 2007 (Raychaudhuri, 2008),
compared to Guwahati, with a population of less than a million
people in 2011. Table 4 Besides that, it is expected that the
inclusion of a pretreatment zone in the system – the riparian
buffer zone with wastewater treatment facilities – will increase
the total litres of sewage that can be purified in Pamohi District. Moreover, the quality of the sewage water can be guaranteed through the pretreatment. In this way, problems with
declining water conditions due to industrial waste like in the
example of Kolkata, can be avoided.

Flushing the polluted urban drains
In the dry period, pollutants accumalate in the drains of
Guwahati. In order to ensure cleaner channels in the core of
the city, freshwater from Deepor Beel is pumped in the stormwater and used to flush the channels of the city. Because of
the height difference, the polluted water drains in a natural
way to the Pamohi river. The contaminated water is purified
in the Pamohi District and released in Deepor Beel.
The water is pumped towards the city via the new stormwater channel. Because there is a difference in height between
the three purification zone, it is required to install pumps and
weirs at four locations. (Figure 65) A fifth pump is used to
pump the excess water from the new constructed wetlands on
the landfill site to the purification zone, which than is released
in Deepor Beel.

Studies about the fishponds in the East Kolkata Wetlands
showed that the sewage gets purified within 9-12 days. (Das
Gupta et al., 2016; Sarkar et al., 2009) If we take the average of
the estimates of inflowing sewage on a daily basis, a network
of fishponds covering about 40 square kilometres receives
approximately 800 litres of sewage a day. Calculations on the
area designated in the design as future fishponds, gives a total
of 0.7 square kilometres. Much less than the 40 found in the
East Kolkata Wetlands. Following this reasoning, 14 million
litres of sewage can be treated in 9-12 days.
Figure 64  Isometric section of a public waterfront as a
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new spatial boundary to avoid the futher intrusion of urban
settlemetns in Deepor Beel
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Figure 65  The quality of the water is improved in the water purification systems of Pamohi District in three stages. At the

same time, freshwater from Deepor Beel is pumped via the stormwater channel towards the city of Guwahati, in order to flush
the polluted urban drains. The contaminated water is then drained in a natural way to the purification zone Pamohi District.
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Figure 66  One of the assumptions made in the concluding section of the analysis, has been that the railway track at Deepor
Beel is going to be shifted. This implies that the embankment
of the 'former' railway line can be used by other purposes, like
for instances a new footpath and bicycle path for the people
of Guwahati. Also, the existing embankment is a great way to
guide urban development. On one side of the road, areas can
be designated for the construction of new houses, while on the
other side nature is unharmed.
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Figure 67  Visualization of a threshold during the dry and the
monsoon season (left). If the water reaches a certain tipping
point in the wet season, the threshold is overflown and ensures
the free passage of the water to the retention reservoir Deepor
Beel. During the dry season, the threshold ensures that the water is kept long enough in the specific area in order to be treated.
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Chapter image   Drone image of a group of wild elephants in hills south of Deepor Beel.
Taken in July 2018 (author's collection)
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6.1 CONCLUSION
From ancient time, wetlands in the vicinity of urbanized
areas are part of the urban water management system of
cities all around India. However, due to rapid urbanization,
these important water structures are degrading in India with
an unprecedented speed nowadays. Despite a clear relationship between the loss of India's urban water bodies and the
number of severe flood events in Indian cities over the last
two decades, wetlands near cities are regarded and treated
as non-valuable wastelands. The degradation is predominantly
caused by two factors.

generating design guidelines and addressing the two main
causes of urban wetland degradation in India, this design thesis contributed to the modern conservation strategy from a
landscape architectural perspective.
The UGI approach has been applied to case study area
Deepor Beel, located in the north-east of India in the vicinity
of a city with over a million inhabitants. The purpose of making
this design was to create a landscape architectural design for
the long-term conservation of this urban wetland. Despite the
recognition of Ramsar to designate Deepor Beel as a wetland
with international significance in 2002, the condition and functioning of the wetland is decreasing rapidly. The design purpose was addressed by the following, leading design question:

Firstly, urban encroachment takes place inside the periphery of the wetland. This results in a decrease of the capacity of
the wetland to store water. Especially in the monsoon period,
these urban wetlands could potentially store an enormous
quantity of rainwater. Secondly, if urban wastewater flows
directly towards the surface water of the wetland, without being pretreated, the quality of the water declines. Wetlands are
resilient ecosystems which can, to a certain extent, purify water. However, if the quality of the water declines further, the
capacity of the wetland to filter wastewater also decreases.
Water purification and water retention are two important
functions provided by urban wetlands for free. However, continuing rapid urbanization will put more pressure on these
already stressed systems. This raises concerns about the future
sustainability of Indian cities.

How can a landscape design develop Ramsar site Deepor Beel
in a sustainable way and protect this urban ecosystem against
the destructive consequences of rapid urbanization?
Answering this question, required the operationalization
of the UGI approach with respect to long-term development.
Besides, to generated preliminary design guidelines to counter
the two main causes of urban wetland degradation, measures
from practical reference sites needed to be identified. Subsequently, an extensive analysis of the case study area Deepor
Beel was required to understand the functioning of the current
wetland system in relation to the adjacent city of Guwahati.
Based on these requirements, the following research questions have been formulated:

In the conceptual framework of this thesis, Urban Green
Infrastructure (UGI) is introduced as an approach to protect
and restore urban wetlands in India. The multi-functional and
interconnected character of UGI is considered as key for the
surviving of urban ecosystems near rapidly expanding cities
in an emerging country. Using multi-functional networks of
green & blue infrastructure is an approach that could contribute to the modern urban wetland conservation strategy of
the Ramsar Convention, the world’s pioneer and leading institutional framework on the conservation of wetlands around
the world.
This modern strategy regards the relationship between a
city and a nearby located wetland as a social-ecological system.
Wetlands in the periphery of cities have the potential to solve
urban challenges. As the complexity of urban challenges is
expected to increase due to, among others, climate change
and rapid growth of urban areas, this new strategy embraces
the principle of mutual benefits.

How could the Urban Green Infrastructure approach be applied in landscape design regarding sustainable urban wetland development in India?
What preliminary design guidelines to counter urban encroachment and the inflow of untreated urban wastewater
could be defined based on a reference study and a supplementary literature study?
What recent and historical processes are having an effect
on the water storing and water purifying qualities of urban
wetland Deepor Beel?
First of all, a literature review was conducted to provide
an answer to the first research question (Chapter 2). This led
to the understanding of concepts, such as urban wetlands,
ecosystem services and sustainable development and gave a
theoretical perspective on the connection between sustainable urban wetland development and the UGI approach.

However, because this strategy is relatively new, there is
limited research available on applicable guidelines bridging
the gap between the academic and the practical realm. By
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Furthermore, lessons learned from practice regarding urban wetland conservation were described and summarized in
twelve measures. (Chapter 3) These measures were potentially
suitable to either guide urban development, or to purify urban wastewater. These practical interventions were extracted
from a reference study and a supplementary literature study,
differentiating three spatial scales on which the measures are
expected to be most effective. As a next step, the applicability
of each of the twelve measures was defined based on criteria
described in the analytical framework. Finally, the twelve interventions were translated into six spatial preliminary design
guidelines.
Next, the analysis of the case study area Deepor Beel was
conducted (Chapter 4). Three different spatial scales were introduced to analyse the wetland system in relation to the city
and the larger catchment area. The ‘macro scale’, considered
in this thesis as the largest scale, analysed the catchment area
of the city Guwahati, including the river Brahmaputra. The intermediate scale, referred to as the ‘meso scale’, studied the
wetland system of Deepor Beel in relation to the surrounding urban environment. Finally, the inlet of the wetland called
‘Pamohi District’ was further examined on the ‘micro scale’.

cent to an urban environment is mainly determined by two
principles of sustainable development. The first principle is
the ability of the ecosystem to fulfil multiple functions on the
same area. The second is regarding the connectivity of the
ecosystem with other ecosystems on different spatial scales.
The two principles of connectivity and multi-functionality
are representing the core principles of the UGI approach, as
described by among others Hansen & Pauleit (2014). By forming a multiple-layered network of green and blue infrastructure
in urban areas, it promotes both the connectivity with other
areas as well as the provision of multiple social, ecological and
economic benefits. Therefore, the UGI approach is a potential
tool to improve the chances of successful conservation of ecosystems near bustling and rapidly expanding cities.
In the context of the two main causes of urban wetland
degradation in India, the UGI approach has been operationalized regarding sustainable landscape development in two
ways. First of all, a network of UGI has the ability to guide
urban development, in a similar way as conventional ‘grey’
infrastructure does.
Secondly, a UGI network has the capacity to provide multiple functions to society, including the purification of wastewater. These two principles of the UGI approach were used
to formulate the next research question:

6.1.1 Answering the research questions

What preliminary design guidelines to counter urban encroachment and the inflow of untreated urban wastewater
could be defined based on a reference study and a supplementary literature study?

Urban wetlands are making cities in India more sustainable through an old-age practice. The low-lying wetland areas
around urban areas are being integrated in the urban water
system and used to store large quantities of stormwater during the monsoon season. Moreover, the wetlands in the vicinity of Indian cities are utilized to purify sewage water, as done
in for example the city of Kolkata.
However, as the urban population of India is projected to
be doubled in 2050 compared to 2014 (United Nations, 2014)
and the changing climatic conditions push the number of severe floods in Indian cities (Center for Science and Environment, 2014), the need to protect and restore the remaining
urban wetlands is greater than ever before.

Chapter three adapted the conceptual lens to identify
practical interventions to guide urban development and to
purify urban wastewater from a reference study, and a literature study to complete the overview of possible measures.
Based on a global review of the twenty-seven Ramsar sites in
India, two wetlands areas, with comparable conditions to the
case study area, were selected for the reference study. These
were East Kolkata Wetlands in Kolkata and Bhopal Wetland
adjacent to the city of Bhopal.

To secure the sustainable development of urban wetlands
in India, the UGI approach has been applied. Defining the connection between sustainable urban wetland development and
the UGI approach in the domain of landscape architecture has
been studied through the first research question, which was:
How could the Urban Green Infrastructure approach be applied in landscape design regarding sustainable urban wetland development in India?

On the basis of an analytical framework, the interventions
of these two wetlands were evaluated on several criteria. It
can be concluded that green-blue solutions from both studies are more frequently ‘multi-functional’, compared to the
grey alternative. Building upon the research of Taylor & Johnston (2009), multi-functionality is defined in this context as
the provision of multiple functions with social, ecological and
economic benefits.

In this thesis, the definition of sustainable development as
given by Termorshuizen and Opdam (2009) has been taken as
a starting point. In their perspective, sustainable development
aims “to change the landscape while improving its functioning,
without compromising the availability of the natural resources
for future generations”. It can be concluded from literature,
that the successful conservation of an ecosystem in or adja-

Because of their multi-functional character, the green-blue
measures have been adopted as starting points and supplemented with grey interventions. It can be concluded, that grey
solutions are not by definition subservient to green-blue solutions. Especially when it comes to efficiency of one particular
function, such as being a spatial barrier to regulate access or
filter wastewater, the use of a grey measure is preferable.
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Because land is scarce and usually more expensive in urban
environments compared to rural settings, the efficiency of a
measure to perform one function can be very decisive. However, although a green-blue solution may be less efficient in
performing a specific function, the multi-functional character
could provide multiple benefits, which could be the deciding
factor to do chose for a less efficient intervention. More elaborate and site-specific research is required to strengthen this
argument, which will be further highlighted in the ‘reflection
and recommendations’ section of this chapter.

sanctuary by the state of Assam. However, different approaches and ideas in dealing with urban wetlands have resulted in
conflicting decision-making with respect to Deepor Beel.
As the major inlet of both rain and urban wastewater, the
Pamohi is a fundamental component in the proper functioning
of Deepor Beel. However, the area in which the river is located,
called Pamohi District, is excluded in all Deepor Beel conservation acts. As a result, Pamohi District is suffering greatly from
the consequences of rapid urbanization.
First of all, the river passage is getting more narrow, due
to the mushrooming of warehouses on the banks of the river. Besides that, the inflow of untreated wastewater and the
presence of the municipal landfill in the same area, are severely
affecting the water quality of the Pamohi river. As the polluted
water is flowing directly towards the surface water of Deepor
Beel, the water quality of the wetland also declines.

In this way, six optimal measures to promote sustainable
urban wetland development have been obtained, according to
the conceptual lens. Accordingly, these optimal measures have
been translated into spatial design guidelines. These guidelines
are called ‘preliminary’ design guidelines because their applicability will further be tested in a specific case study design area.
Before testing those preliminary guidelines in a design,
the case study area needed to be investigated, providing an
answer to the question:

6.1.2 Answering the main design question
In their conservation scheme released in 2015, described
by Hettiarachchi et al. (2015), the Ramsar Convention expressed the mission to prevent any further degradation of
wetlands as a result of urbanization. To achieve this, urban
wetlands should be considered as being an essential part of
the water management infrastructure of urban and suburban
areas. Besides, the Ramsar Convention advised to create new
and approach existing urban wetlands as elements of urban
infrastructure.
These objectives were combined in a vision to create a design for the sustainable development of urban wetland Deepor
Beel, providing an answer to the question:

What recent and historical processes are having an effect
on the water storing and water purifying qualities of urban
wetland Deepor Beel?
The degradation of urban water bodies in Guwahati predominantly started with the incredible growth of urban areas
after India’s independence in 1947. The three main reasons for
this growth were the shift of the secretary to Guwahati in the
1970s, the influx of immigrants predominantly from current
Bangladesh and the advantageous location in the north-east.
Water bodies in urban areas were drained and filled, to
obtain more space for the construction of new houses and
infrastructure. Because the urban growth in Guwahati came
without the expansion of an adequate sewer system, the remaining water bodies were seriously polluted by eutrophication due to the inflow of domestic water.

How can a landscape design develop Ramsar site Deepor Beel
in a sustainable way and protect this urban ecosystem against
the destructive consequences of rapid urbanization?
First of all, a difference has been made in two spatial
scales: a conceptual regional scale, and a detailed site design.
Secondly, the preliminary design guidelines for sustainable
urban wetland development, defined in chapter three, have
been implemented in the site design.

For a long time, it seemed that Deepor Beel was the only
water body in the direct vicinity of Guwahati that would be
spared. However, as the incredibly decadal urban growth rates
in Guwahati continued in the last decades of the previous
century, new infrastructure was constructed in the periphery of the wetland. Highways on both sides of the bank and
a single-track railway line, right through Deepor Beel, were
constructed. The ancient natural boundaries of the wetland,
which was the water spread during the flood season, was replaced by an anthropogenic boundary of urban infrastructure.
Together with the construction of new houses and institutions,
the elevated infrastructure had a negative impact on the biodiversity and let the water storing capacity of the wetland
significantly decline.
As a response to these new developments, the area of
Deepor Beel was added to a list of conservation acts, including the internationally recognized designation of the Ramsar
Convention and the recognization as being an important bird
Case study design

On a conceptual level, the design aimed to improve the
relationship between the wetland and the city. Enhanced
functioning of the wetland system within the water system
of the city, is potentially of great value for the city. Ultimately,
this could change society’s current view on urban wetlands as
being non-valuable wastelands.
In this conceptual design for an improved urban water system, a buffer zone of 50 meters from the High Flood Line has
been proposed. This intervention was extracted from the example of Bhopal. In the context of this thesis, a buffer zone is
a strip of land on which no urban development can take place.
The zone demarcates the end of urban settlements and the
start of nature conservation. The further elaboration of this
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zone was done in the detailed site design for Pamohi District.

6.1.3 The final design guidelines

Moreover, a purification zone has been proposed on conceptual design level. This purification zone is located in Pamohi
District and connects the city centre and the wetland Deepor
Beel. It can be concluded from the analysis, that the Pamohi river is very much polluted. Also, due to rapid growth of,
among others, warehouses on both banks of the Pamohi river,
the passage of the water is getting more narrow every year.

In order to get a multi-functional network of green-blue
infrastructure, the six preliminary design guidelines have been
tested in the site design area called Pamohi District. This resulted in small adjustments in the guidelines. In the end, this
gave a total number of five final design guidelines. These are:
ȃȃ Public waterfront: The appearance of a waterfront can
differ, dependent on the water-retaining function. Besides that, other functions decide the appearance of a
waterfront. Close to urban dwelling, the waterfront can
be designed as boulevard along the water used by local
people as a meeting point. In a more rural context, the
waterfront could be a levee with a single footpath on
top.
ȃȃ Green-blue corridor: This final design guideline is the
resulting of merging the blue-green buffer zone and
the floodable green corridor. This design guideline is a
suitable design intervention to construct a new edge
between urban settlements and natural areas. Also, the
green-blue corridor promotes the connection between
habitats, increasing biodiversity, and social cohesion between human beings.
ȃȃ Bioswales: As open structures along street, the use of
bioswales is a great design guideline to drain large quantities of urban runoff during the monsoon season. This
design guideline is less suitable for the drainage of sewage water and, therefore, in the final design guideline a
combination with more grey measures is proposed, like
a separate sewer underground and one steep wall on
one side of the bioswale.
ȃȃ Constructed wetlands: This final design guideline is defined in three areas: a part which can be described as
helophyte filters, a stage with wet agriculture and an
area with sewage-fed fishponds. However, it can be concluded from the example of Kolkata that pretreatment
is required. It can be concluded that about 14 million litres of sewage water can be purified every 9-12 days.
The increase this amount, a larger area of fishponds is
proposed.
ȃȃ Riparian buffer zone: The riparian buffer zone is a potential design guideline for the treatment of urban wastewater. For this thesis, the riparian buffer zone was used
to prefilter the urban wastewater that flows to the sewage-fed fishponds. Included in this final design guidelines
are a stormwater channel, to regulate the water quantity
during the monsoon season, and a wastewater treatment plant, to regulate the water quality.

The purification zone was further tested on a conceptual
level by developing four diagrams, showing the existing and
proposed situations during both the dry and the wet season.
Based on the outcomes of these diagrams, it can be concluded that it would be a great advantage for the functioning of
Deepor Beel within the urban water system to construct a
new stormwater channel. This channel would connect the city
directly with the wetland.
In the dry season, the channel is used to release clean
water in the polluted drains of the city. The polluted water
is drained in a natural way to the purification zone and, after
being purified, the water is again released in Deepor Beel.
In the wet season, the channel would function as a stormwater channel, bypassing the purification facilities. The rainwater from the hills south of Guwahati is clean enough to be
released in Deepor Beel without being treated.
On a detailed site design level, the further elaboration of
the purification zone Pamohi District was done through the
implementation of the generated preliminary design guidelines for ‘purifying urban wastewater’ and ‘guiding urban development’.
Based on the outcomes of the analytical framework, the
use of green-blue measures to developed spatial guidelines
was preferred above the use of grey measures. Especially the
multi-functional use of green-blue interventions could be of
great value for the sustainable development of urban wetlands
in a rapidly developing country like India. In most cases, however, the addition of grey measures to the green-blue spatial
guidelines would give the best results. In the example of a
riparian buffer zone, the inclusion of a stormwater channel and
a wastewater treatment plant were providing an overflow in
times of heavy rainfall and a closed environment for the purification of wastewater. These grey measures would add additional benefits to the multi-functional green-blue buffer zone.
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6.2 DISCUSSION
6.2.1 Main contributions

ers.

This thesis aimed to contribute to the following.

A translation of measures from the practical and
theoretical realm into guidelines for urban wetland design
Landscape designers have an important role to play in
closing the gap between science and practice. ((Deming &
Swaffield, 2011; Nassauer & Opdam, 2008) Translating the
findings from the academic realm into design guidelines is
described as a solution to create a stronger link between the
two realms. (van Etteger, 2016)
The first step has been made by the Ramsar Convention
to change their conservation strategy with respects to urban
wetlands by regarding the relationship between a city and a
wetland as a dynamic social-ecological system. (Hettiarachchi
et al., 2015) This thesis has been written as a contribution to
bridging the existing gap between the academic and the practical realm in urban wetland design by defining spatial design
guidelines. These design guidelines could be viewed as starting
points for other researchers and designers concentrating on
the protection and restoration of wetlands in the vicinity of
vast and rapidly expanding cities.

A contribution to a more sustainable urban future for
Guwahati
No further detailing has been given to Deepor Beel and
its direct surrounding landscape in the existing Masterplan of
the city for 2025. This thesis is an addition to this Masterplan,
or to future city development plans for Guwahati. Through
enhancing the functioning of wetland Deepor Beel within the
wider urban water management system of Guwahati, mutual
benefits will be provided, stimulating both solving urban challenges as well as the conservation of the wetland.
6.2.2 Methodological reflection
Besides identifying an approach and investigating it further by generating and applying design guidelines at a case
study area in India, the greater purpose of this design-orientated thesis was to provide guidelines to other practitioners
dealing with similar challenges of degrading urban wetlands.
To say something meaningful about the applicability of the
approach in areas with comparable circumstance as the case
study area Deepor Beel, this part will reflect on the reliability
and validity of the research.

Secondly, the reliability of the raw input, like GIS maps,
was tested by asking second opinions from other researchers
and practitioners. The reliability of the water model described
by Boks (2018), has been tested by comparing the outcomes
to more reliable data. For this model, only data was used that
described the extent of pollution caused by urban wastewater
from the city. Polluted seepage water from the landfill site, for
example, has nog been included in the model, because of the
lack of available data.
Lastly, my personal interpretation and preferences had an
effect on the reliability of the data. Personal interpretation. For
instance, the drone images were interpreted behind a desk.
Based on these drone images conclusions were drawn. Also,
the generation of guidelines involves personal intuition which
may decrease reliability.

Guwahati is in many ways the perfect example. The city is
familiar to incredibly rapid urbanization and belongs to India’s
larger cities with over a million inhabitants. Besides that, the
city is used in many papers as an example of a city with an
acceleration in the number of degraded urban water bodies.
Through selecting this case, which could be viewed as a classical case, the results may also be of relevance for the design
of other urban wetlands dealing with circumstances similar
to Deepor Beel.

To increase the internal validity of the data, the use of
multiple methods to answer the same research question has
been applied. This is also called triangulation.
Secondly, internal validity was ensured by using a well
established, fundamental theory that has proven in practice
to work.
Thirdly, the validity of the collected measures from the
practical and the theoretical realm has been tested, through
testing the results (preliminary design guidelines) in a case
study design. Indications, both the conceptual and the detailed
site design scale, are present that the design has a positive
impact on the water storing qualities and the water purifying
qualities of the Pamohi District.

As stated by Nassauer and Opdam (2008), closing the gap
between the two realms is not a linear process. In the context
of this thesis, this could imply that the generated design guidelines could provide a framework of possible interventions in
the wetlands that have been used previously in this thesis as
reference areas to obtain interventions.
These sites, Bhoj Wetland and East Kolkata Wetlands,
have been selected to learn from, because of the similarities
they show with Deepor Beel. Since the design guidelines are
generated from two sites and supplemented with measures
found in a literature study, it is certainly not excluded that this
approach could help to develop the other two Ramsar sites
in a sustainable way.

6.2.3 Recommendations
research

for

future

To conclude the methodological reflection. The results of
this thesis indicate that a design for Deepor Beel contributes
to counter the two main causes of urban wetland degradation
in India. However, more research on the further application
of the UGI approach is necessary.

The limited duration of this thesis resulted in the use of
‘functions’ delivered by the ecosystem, instead of ‘ecosystem
services’. However, for future research and design it is recommended to use the term ecosystem services, because of the
valuation component by human beings.

6.3 REFLECTION

Based on the figure (Figure 4) presented at the beginning of this thesis, it can be concluded that not only Deepor
Beel and the reference area are dealing with yearly recurring
floods in urban areas. Many more large cities in India experience severe flooding due to the degradation of urban water
bodies in their vicinity. The yearly recurring floods in urbanized
areas of India during the monsoon period, indicate the social
relevance for the development of new guidelines to develop
urban wetlands in a sustainable way.

In this thesis, decisions have been made regarding the
applicability of measures. The analytical framework to define
the applicability primary focussed on the functions provided by
the measure. However, as described by Termorshuizen & Opdam (2009), functions are only an intermediate step between
landscape structures and services provided by the physical
landscape. Connecting the performance of the physical landscape system to human values is done through the valuation
of the services delivered by the ecosystem or landscape by
human beings.
It could be argued that human valuation of functions
provided by the wetland is an essential element in creating

6.2.2 Reliability and validity of the data
The reliability has been ensured in this thesis in various
ways. First of all, the reliability in the process of developing
the conceptual lens, described in chapter two, was ensured
through the use of literature produced by multiple researchCase study design

more awareness and more support for wetland conservation.
Based on the value given by people to specific services, an
improved design could be made from the human perspective.
In a developing country like India, this enhanced relationship
between wetland and city potentially increases the willingness
of society to pay for protection and restoration.
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