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Saucers, Bowls, Glasses and Jugs: Understanding Nature’s Crockery
Brij Gopal
Centre for Inland Waters in South Asia,
41 B Shiv Shakti Nagar, Jaipur 302017, India
Email: brij44@gmail.com
After more than a decade of implementing two separate national programmes on the conservation of wetlands and
lakes, the Ministry of Environment and Forests merged them into a National Programme on Conservation of Aquatic
Ecosystems (NPCA). In this context, it is interesting indeed to see lakes and wetlands together in the title and
themes of this Conference. Being well aware of the debate for and against their being treated together, I take this
opportunity to highlight their common and distinguishing features.
Lake is a very general English term used for bodies of standing water. Whereas the small ones are often referred to
as ‗ponds‘, the human-made water bodies are called ‗reservoirs‘. There exists a large variety of names in regions and
different languages. The term wetland did not exist in English language until the middle of the last century and was
promoted by conservationists interested in waterfowl in Europe and North America. Today, the Ramsar Convention
has extended the scope of the term to cover all kinds of aquatic ecosystems which have very little in common other
than water.
The morphology of a water body, in conjunction with the geology, geography and climate, determines its
hydrological regime and which in turn governs other chemical and biological characteristics (flora, fauna and their
interactions). The morphological features of a water body include the shape of its basin, maximum area of water
spread, area/depth ratio, maximum depth/mean depth ratio, etc. Hydrological regime comprises of the duration and
time of the year for which water is present, and the amplitude and frequency of periodic changes in water level.
Other influences are exerted by the nature of the substratum and catchment characteristics (vegetation type and
cover, slope, erosion, human land use etc.).
All water bodies (aquatic ecosystems) form a continuum along the hydrological-morphological gradient. The
ensemble of abiotic and biotic components that regulates the functions and hence, the ecosystem services of the
water body, is governed most by the depth and permanence of water. At the lower end of the continuum where water
depth is low (usually <3 m) and water level changes are large and frequent, the ecosystems exhibit characteristics
‗transitional‘ between the terrestrial and deep water systems, and usually support large biodiversity. These
‗transitional‘ habitats were recognised as wet-lands which often occur in association with deepwater habitats (and
hence, as ecotones). The boundary of the ‗transition‘ towards deep water is blurred by the temporal variability in
hydrological conditions, besides several other factors.
Thus, various aquatic ecosystems differ in their ecosystem services depending upon their morphology-hydrologycatchment features, but the underlying principles for their ecosystem attributes are the same. Therefore, while the
goals and objectives of conservation and management are defined by the ecosystem services specifically valued by
the humans in each case, the policies, laws and governance for these ecosystems must be rooted in the scientific
principles that do not differentiate between them.
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Conservation, Management and Wise Use of Wetlands – Implementing the
Ramsar Convention
Samridhi Rijal*

Abstract
The Ramsar Convention is an intergovernmental environmental treaty adopted in 1971 and provides the framework
for the management, conservation and wise use of wetlands and wetland resources via national action and
international cooperation. By December 2014, the Ramsar Convention had 168 Contracting Parties who commit
themselves to a), the wise use of all wetland sites as far as possible within their jurisdiction b), listing of priority
wetlands on the List of Wetlands of International Importance and c), to cooperate internationally for the wise use
and conservation of wetlands, especially where it concerns transboundary wetlands and shared species.
The South Asia region supports a wide range of wetland types that provide many important ecosystem services.
However, there are many challenges facing the wetlands in this region as well. While initially taking a global
perspective, this paper focuses on the main issues and challenges in the region.
Keywords: Ramsar Convention, wetlands, wise use, management, South Asia, conservation

Introduction:
The Ramsar Convention, adopted in 1971 in the town of Ramsar, I.R. Iran, is the oldest environmental
intergovernmental treaty. It is also the only global convention that is focused on an ecosystem and commits all the
member countries to maintain the ecological character of all the wetlands within their jurisdiction as far as possible,
but especially those that have been placed on the List of Wetlands of International Importance (Ramsar Sites).
The Ramsar Convention was developed in response to the loss of wetland habitats in the 1950‘s and 1960‘s and the
corresponding decline in waterfowl populations. It is a valuable mechanism to promote national action and
international cooperation for the wise use of wetlands. The mission of the Ramsar Convention is the ―Conservation
and wise use of all wetlands through local and national actions and international cooperation, as a contribution
towards achieving sustainable development throughout the world‖ (Strategic Plan 2009-2015). The three pillars of
the Convention are management and wise use of all wetlands and wetland resources within the jurisdiction of
Contracting Parties; the inclusion of priority wetland sites onto the List of Wetlands of International Importance and;
international cooperation for the wise use and conservation of wetlands and their resources. In this context, ‗wiseuse‘ refers to the sustainable utilization of wetland resources for the benefit of humankind without compromising the
ecological character of the wetland ecosystem.
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Material and Methods:
The information in this paper was collected through the National Reports that were submitted by the Parties in Asia
for the 11th Conference of the Contracting Parties as well as general communication. Select literature and articles
relevant to the region was also reviewed.

Results and Discussion:
Contracting parties
Since 1971, there has been a steady growth in the total number of Ramsar Contracting Parties, globally and within
Asia. As of December 2013, there were 33 Parties in Asia. In South Asia, six countries (Bangladesh, Bhutan, India,
Nepal, Pakistan and Sri Lanka) are Contracting Parties of the Convention, while two countries (Afghanistan and
Maldives) are not.

* Assistant Advisor for Asia-Oceania, Secretariat of the Ramsar Convention on Wetlands,
Rue Mauverney 28, 1196 Gland, Switzerland

Figure 1 Map of South Asian Contracting Parties (Bangladesh, Bhutan, India,
Nepal, Pakistan and Sri Lanka) and the Ramsar sites in the region.

Three pillars of the Convention
Wise Use of Wetlands
The maintenance of ecological character through the ecosystem approach of wetland management within the context
of sustainable development is considered ‗wise use.‘ A guideline was developed in 1993 to assist the
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implementation of this concept. The main objectives emphasized by the ‗Wise use guidelines‘ are elaborated on
below:
1) National Wetland Committees
Taking into consideration the cross-sectoral impacts on wetlands and the importance of wetlands across these
sectors, formation of a broad-based National Wetland Committee is recommended to assist the Contracting Party in
developing and implementing National Wetland Policies. NWCs can also help prepare the National Reports for the
Ramsar Conference of Parties (COP) meetings as well as other management initiatives and help disseminate
information to local NGOs and the public. In South Asia, Bangladesh, India, Nepal, Pakistan and Sri Lanka have
established some form of Wetland Committee to manage the wetlands within their territory. Bhutan which acceded
to the Convention in 2012has yet to establish a National Wetland Committee.
2) Wetland inventory
A thorough wetland inventory can help for the basis of activities aimed at the conservation and wise use of wetlands.
In addition to conducting a regional or national wetland inventory, it is also recommended that the Contracting
Parties conduct wetland assessment and conduct regular monitoring activities. Wetland inventory, assessment and
monitoring can also be used to identify the best use of each wetland and furthers the wise use concept.
3) National Wetland Policies
Review existing legislations and institutional arrangements dealing with wetlands and adopt an inclusive national
wetland policy that takes into account the cross-sectoral impacts on and of wetlands in order to maximize benefits
while minimizing the adverse effects of anthropogenic activities. The governments of Nepal and Sri Lanka have
approved National Wetland Policies while India has notified the Wetlands Rules under Environment Protection Act.
Bangladesh and Pakistan have prepared the wetland policy and are now awaiting approval.
4) Wetland Management Plans
Promote, develop and implement integrated and inclusive management plans that address the management of the
entire wetland and the catchment area for long-term sustainability of the wetland.
Wise use initiatives need to be complemented by efforts to build awareness on the importance of wetland
conservation at the local, regional and national level. Institutions would also need to be strengthened, for example,
by providing trainings to a wide range of disciplines that also showcases the importance of wetlands in the relevant
fields (Davis, 1993).
Listing of Wetlands of International Importance
Potential Ramsar Sites are identified based on the nine criteria that focus on the biological diversity or the
representativeness or uniqueness of the wetland site in the biogeographic region. Once these potential Ramsar Sites
have been identified, it is then the obligation of the Contracting Party to designate and list the priority sites as
‗Wetlands of International Importance.‘
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Management of Ramsar Sites:
After designation of a wetland as a Ramsar Site, 41% of the Contracting Parties in Asia reported that the condition
of the Site was found to be improving, while 12% reported that the condition was worsening. On the flip side, 47%
reported that the conditions in wetland sites that were not designated as a Ramsar Site were worsening, although
12% reported that the conditions of non-designated wetlands were improving.
The reasons provided for improved conditions of Ramsar Sites by the Contracting Parties differ. For example, I.R.
Iran and Lao PDR are working with the local communities to develop management plans and models that target the
wise use of wetlands and wetland resources, while in Indonesia, the designation of Ramsar Sites has helped gather
local stakeholder support and also strengthened cooperation between them.
Conservation of all wetlands within the national territory:
By signing the Convention, Contracting Parties commit, as far as possible, to manage and conserve all wetland sites
within their jurisdiction. Thus, Parties have reported involvement in the protection of other wetland sites, especially
sites that have the potential of being designated as Ramsar Sites. For example, wetland parks are developed in China
as a way to conserve wetlands that may not meet the criteria to be designated as Ramsar Sites.
However, establishing a functional cross-sectoral site management committee that involves the local community; is
dedicated to conservation and responsible for making decisions regarding the sustainable use of wetland resources
would also help achieve Ramsar goals.

International Cooperation
Water issues are not constrained or limited within a single country and so the Ramsar Convention promotes
international cooperation especially with regard to shared river basins and other transboundary wetlands. As
migratory species and their wetland habitats are found across borders, establishing networks that protect these
species and their habitats is essential in order to ensure their continued survival. Sharing of information and
expertise is also possible with international cooperation and this may enhance the relationship between neighbouring
countries. For example, ‗Coral Triangle Initiative‘ is a regional initiative that involves the governments of Solomon
Islands, Philippines, Papua New Guinea, Malaysia and Indonesia to protect marine and costal biological resources
within the region. Projects and initiatives like these showcase the international cooperation between Asian
Contracting Parties.
Ramsar Regional Initiatives and cooperation:
Ramsar Regional Initiatives are a mechanism that encourages Contracting Parties to cooperate on regional wetlands
issues. In Asia, there are three Ramsar Regional initiatives: East Asian-Australian Flyway Partnership; Ramsar
Regional Centre – East Asia and; Ramsar Regional Centre – Central and West Asia. The East Asian-Australasian
Flyway, stretching from Far Eastern Russia through East and South East Asia to Australia and New Zealand, is
aimed at protecting the migratory waterbird population, their habitats and also the livelihoods of the people who
depend on them. More than 50 million migratory waterbirds, as well as 28 globally threatened species depend on
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this Flyway. Given the number of countries involved and the significance of the flyway, international cooperation is
essential.
Ramsar Regional Centres – East Asia and Central and West Asia aim to enhance the implementation of the Ramsar
Convention in their respective regions by way of providing trainings, research, advocacy and public awareness
programs to build human capacity, promote scientific and technical cooperation, exchange (traditional and nontraditional) knowledge.

Diversity of wetlands in South Asia
South Asia covers a huge range of altitudes and has a variable topography resulting in large wetland diversity. This
region is rich in natural wetlands, such as high altitude lakes, floodplains, peat-lands and mangroves to name a few,
and man-made wetlands as well, for example, paddy fields, reservoirs and irrigation canals.
Similar to the diversity in wetlands types, there is diversity in the ecosystem services that people benefit from as
well. Few examples of the benefits that people receive from well managed wetlands are water for industrial,
agricultural and domestic needs, nutrient retention and cycling, fisheries and aquaculture, tourism, transportation.

Graph 1 total area of wetland sites per criterion against the total
number of sites per criterion in Asia

Additionally, wetlands could also be buffers during storms and reduce potential disaster in the area. These are only a
few benefits that we benefit from well managed wetlands.
The majority of the wetland sites on the List of International Importance in Asia were listed under criteria 2, 3, 4 and
5 (graph1), which clearly showcases the biological diversity in wetlands. It also illustrates that many Critically
Endangered, Endangered and Vulnerable species depend on these wetlands, which means that slight changes in the
ecological character of the wetland site could have a negative impact on these Red listed species.
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Key Challenges and Issues in South Asia
Despite the multitude of ecosystem services provided by wetlands and the immense cultural value, wetlands in
South Asia are facing severe threats due to the rapid population and economic growth. This has lead to the
increasing land conversions, increased pollution, overharvesting of resources and construction of systems that
change the hydrological balance of the ecosystem.
However, most of the case studies found in the region simply reflect the real challenges in the region, which are:


Inadequate staff and capacity for monitoring the activities in wetlands



Lack of awareness about the ecosystem services provided by wetlands amongst the local people, general
public and decision makers



Insufficient policies, legislations and institutional support for wetland conservation



In sufficient funds allocated for wetland assessment, monitoring or to provide trainings to site managers



Insufficient coordination between the stakeholders groups such as those with a vested interest in wetlands,
those responsible for managing the site and those interested in preserving the site

Conclusion
Rapid economic growth and unsustainable practices have led to the current challenges in the region.
Wetlands, despite their immense cultural, ecological and biodiversity related values, continue to be degraded and
lost mostly due to anthropogenic factors. Addressing these problems and challenges today means that the health and
ecological character of the wetlands might be preserved and conserved for maximum benefit. It also means that the
potential for wetland restoration and utilization of wetlands in climate change adaptation and mitigation efforts are
still imminent. Additionally, wetlands, water and the catchment area are not restricted and constrained to one
country; thus international cooperation between neighbouring countries is vital to reduce tensions and conflict
between countries and also to enhance the health and ecological character of wetlands for the benefit of all
humankind.
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Ensuring Sustainability of Wetlands in the Global Context

Ram Boojh1
Abstract
Wetlands are among the most productive systems on the earth and are currently facing increasing pressures from
land based activities and climate change. Climate change impacts are predicted to have significant implications for
wetlands biodiversity and ecosystem services. Wetlands degradation triggers many ecological disasters in the form
of floods, loss of ecological and economic services, biodiversity, livelihoods, food particularly protein source etc.
Some of the drivers of biodiversity loss in wetlands are being addressed through several local, national and
international initiatives. The 'Ramsar Sites‘ designated under the ‗Ramsar Convention on Wetlands of International
Importance especially as Waterfowl Habitat‘ ensures conservation and wise use of wetlands across the globe
creating a network of conservation areas. Many wetlands have been designated under the UNESCO‘s world network
of biosphere reserves, providing conservation, logistics and sustainability support to these sites. Biosphere reserves
provide greater opportunities for conservation and wise use as per the Ramsar philosophy due to their being
designed as ―working models‖ of conservation linked sustainable development- community livelihood being an
important component of that. The biosphere reserve concept is much more encompassing combining conservation,
sustainable development and education, a concept going beyond the protected areas. The network with 618 sites in
119 countries covers major landscapes and ecosystems of the world and has evolved variety of sustainable wetland
management models. Biosphere reserves serve three interconnected functions: conservation, development and
logistic support; through core, buffer and transition zones. As places that seek to reconcile conservation of biological
and cultural diversity and economic and social development through partnerships between people and nature,
biosphere reserves are ideal to test and demonstrate innovative approaches to sustainable tourism linking their
zoning concept to functional dynamics. UNESCO designated world heritage sites play an important role not only in
enhancing value added conservation but also for ensuring sustainable development of the communities and
surrounding regions. These sites are also contributing to the conservation linked sustainable development, education
and research through international recognition of their value and importance.

Introduction
Wetlands cover about 6% of the planet and are among the most productive ecosystems in the world. They provide
tremendous economic, ecological, and social benefits to people worldwide. However, wetlands are also among the
most threatened habitats in the world, due mainly to pollution, drainage for land reclamation and overuse by
competing land uses such as agriculture and urban development. The Millennium Ecosystem Assessment (MA)
----------------------------------------------------------------------------------------------------------------------------------1
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Email: r.boojh@unesco.org
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reported that the degradation and loss of wetlands, and the deterioration of freshwater and coastal wetland species,
are more rapid than that of other ecosystems (Millennium Ecosystem Assessment, 2005). Wetlands are facing
increasing pressures from land based activities and climate change. Climate change impacts are predicted to have
significant implications for wetlands coastal biodiversity. The ecosystem services offered by wetlands are degrading
at a rapid rate. Habitat loss is the biggest driver of the loss of ecosystem services. The loss of wetlands has been
associated with many ecological disasters in the form of floods, loss of ecological and economic services,
biodiversity, livelihoods, food particularly protein source etc. According to some estimates around 50% of the
world's wetlands have been lost in the past century alone. The 4th Assessment report of the Intergovernmental Panel
on Climate Change (IPCC) concludes that the main impacts of climate change on ecosystems and people will be felt
through changes in the Earth‘s water cycle with high associated costs. The report mentions that coastal wetlands and
associated systems are likely to be the most impacted by the climate change. The predicted increases in sea surface
temperature of about 1-3°C are likely to result in more frequent coral bleaching events and widespread mortality of
corals. Coastal wetlands including salt marshes and mangroves are likely to be adversely affected by sea-level rise.

Ecological degradation of wetlands is the main factor behind devastations triggered by natural disasters. Destruction
of complex ecological safety net increases the vulnerability of these systems to climate change by deteriorating the
resilience of ecosystems making them ineffective to provide their protective services against disasters. Ecological
approaches to disaster risk reduction make use of ecosystem‘s protective elements such as mangrove forests, coastal
wetlands, sand dunes etc to provide safety shield against disasters. These are also used for ensuring sustainable
livelihood to disaster affected communities by helping them in alleviating poverty and achieving economic growth.
The rapid decline in biodiversity is also attributed to drivers such as pollution, unsustainable fishing, climate change
and shipping (a source of invasive alien species). These pressures are, in general, predicted to either persist or
increase in the future, as 50% of the world‘s population is expected to live in coastal areas by 2015 and impacts due
to climate change are likely to grow.

Conservation initiatives
There are several national and international conservation measures for the protection of wetlands ranging from local
actions, national programmes and through international recognition through inscription on the Ramsar and/or the
World Heritage List or biosphere reserves. The situation of Earth‘s wetlands remains a global conservation concern.
Wetlands occur in every country, from the tundra to the tropics, from islands to the drylands and mountains. With
nearly 70% of the world‘s population living near sea coasts, river valleys or lake shores, humans depend on the
preservation of these areas as much as ever, especially in the developing world. This reliance is increasingly
important since much of the world‘s wetlands have been lost or degraded during this century, due to social and
economic decisions. Uncertainty exists over the actual percentage of wetlands that remain today, but as per the
estimates 570 million ha (6% of earth‘s surface) is presently composed of wetlands of which 30% are bogs, 26%
fens, 20% swamps, 15% floodplains, and 2% lakes. At the current time, statistics on the amount of global wetlands
are mere estimates, but Ramsar is in the process of compiling more precise global data. More accurate sources of
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information are available regarding the amount/percentage of wetllands remaining within individual countries or for
specific wetland types.
Some of the drivers of biodiversity loss are being addressed through several local, national and international
initiatives. In recognition of importance of wetlands, Ramsar Convention on Wetlands of International Importance
especially as Waterfowl Habitat‘ also known as the Ramsar Convention was adopted in the Ramsar city of Iran in
1971 through the cooperation of 18 nations. Currently, 138 nation states comprise the Contracting Parties to the
Convention worldwide. The Convention's objective is to lessen the loss of wetlands and to ensure their conservation
and sustainable wise use for future generations. The Montreux Record maintained as part of Ramsar List is a register
of wetland sites on the List of Wetlands of International Importance where changes in ecological character have
occurred, are occurring, or are likely to occur as a result of technological developments, pollution or other human
interference.
Ramsar convention has over the years become one of the main international instrument for the conservation of
wetlands. The Convention is regarded as the most accepted interpretation of wetland values which provides a wider
definition of wetlands as ―areas of marsh, fen, peatland or water, whether natural or artificial, permanent or
temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine water the depth of
which at low tide does not exceed six metres.‖ (Article 1.1). Ramsar further incorporates into its consideration for
listing ―riparian and coastal zones adjacent to the wetlands, and islands or bodies of marine water deeper than six
metres at low tide lying within the wetlands.‖ (Article 2.1). Ramsar categorises wetlands into the following: a)
estuaries, mangroves and tidal flats; b) floodplains and deltas; c) freshwater marshes; d) lakes; e) peatlands; and f)
forested wetlands. The Convention also has forged synergies with other international conventions (world heritage),
CBD (convention on biological diversity) and biosphere reserves. There are several Ramsar sites which are having
common designations. Some 142 Biosphere Reserves and 42 world heritage sites are wholly or partially Ramsar
Wetlands (Table 1).
Table 1
Ramsar convention
Number of Contracting Parties:

168

Sites designated for the List of Wetlands of International Importance:

2177

Total surface area of designated sites (hectares):

208,518,409

UNESCO Biosphere Reserves that are wholly or partially Ramsar Wetlands
Biosphere Reserve: 142
Ramsar Sites:

162

Ramsar Wetlands of International Importance that are also inscribed (all or partly) on the World Heritage
List under the UNESCO
Ramsar Site:
World heritage site:

61
48
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UNESCO designated wetland sites
UNESCO designated world heritage sites and biosphere reserves play an important role not only in enhancing value
added conservation but also for ensuring sustainable development of the communities and surrounding regions.
These sites are also contributing to the conservation linked sustainable development, education and research through
international recognition of their value and importance. The biosphere reserves and world heritage sites particularly
the natural heritage sites are mandated to safeguard the cultural and the natural heritage of the world and therefore
are uniquely placed to explore the social, cultural, ecological and ethical dimensions of conservation linking these to
sustainable development. These sites are the model regions to experiment variety of sustainability initiatives by
creating participatory management platform involving all the stakeholders. Many coastal and marine ecosystems and
wetlands have been designated under the UNESCO‘s world network of biosphere reserves and world heritage sites,
providing conservation, logistics and sustainability support to these sites.
The world network of biosphere reserves, provides greater opportunities for conservation and wise use as per the
Ramsar philosophy due to their being designed as ―working models‖ of conservation linked sustainable
development- community livelihood being an important component of that. The biosphere reserve concept is much
more encompassing combining conservation, sustainable development and education, a concept going beyond the
protected areas. The network with 580 sites in 118 countries covers major landscapes and ecosystems of the world
and has evolved variety of sustainable wetland management models. Biosphere reserves serve three interconnected
functions: conservation, development and logistic support; through core, buffer and transition zones. These are
rightly called as ―learning laboratories‖ and platforms for a variety of stakeholders to work together to translate
global principles of sustainable development into local contexts. As places that seek to reconcile conservation of
biological and cultural diversity and economic and social development through partnerships between people and
nature, biosphere reserves are ideal to test and demonstrate innovative approaches to sustainable tourism linking
their zoning concept to functional dynamics. There is a need to transform these internationally recognized sites of
global significance as areas of excellence for sustainable development models by conservation of both culture and
nature and thereby ensuring that these precious ecological resources remain viable for future generations. This
should also help in creating sustainable livelihood opportunities for the people besides enriching the natural and
cultural capital through poverty eradication and improvement in the quality of life thus paving the way towards
achieving the goals of sustainable development. This will provide innovative solutions to the challenges faced by
coastal ecosystems through opportunities to develop and showcase the benefits of a green economy.
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Figure 1

Figure 2

World Heritage Wetlands
As humans continue to learn more about their demands on the environment, there is an increasing need to inventory
the wetland and marine areas that have received international protection through UNESCO‘ s World Heritage
Convention. Furthermore, it is important to identify regions of the world with wetland and marine values that have
minimal World Heritage protection (gap areas) and list sites which may potentially be nominated for World Heritage
16

protection due to significant wetland and marine values. Although the World Heritage and Ramsar conventions both
protect natural sites through inscription on a protected list, they have differences. Ramsar only protects significant
wetlands, which are inscribed on the List of Wetlands of International Importance once nominated by the respective
State Party. Under the World Heritage Convention, natural sites which contain various geological, biodiversity
and/or aesthetic values are nominated by State Parties, but are not inscribed on the World Heritage List until
approved by the World Heritage Committee. Therefore, the two conventions overlap in the protection of wetlands
and wetland related values (migratory waterfowl, floodplains, etc.), evident by many World Heritage sites with
wetland and marine values (Table 2), but the World Heritage Convention protects sites with a broader range of
biome values.
Table 2
NATURAL WORLD HERITAGE SITES WITH MAJOR WETLAND AND MARINE VALUES (From Jim
Thorsell, Renée Ferster Levy and Todd Sigaty 19997)
Key:
WH- World Heritage List (Date of Inscription) and criteria categories
Ramsar – A Wetland of International Importance under the Convention on Wetlands (Ramsar, Iran, 1971)
(MR)- Montreux Record (register of Wetlands of International Importance requiring priority attention)
BR – UNESCO Biosphere Reserve
WWF- 200 Included in the WWF-200 Global Ecoregions system. (1995).The Ecoregion number is given in
brackets. The WWF ecoregions attempt to identify the most biologically outstanding areas that deserve conservation
attention.
SR

SITE NAME

AREA

WETLAND VALUES

Keoladeo National

2,873ha

The area consists of a flat patchwork of marshes in the Gangetic plain,

NO.
1.

Park

artificially created in the 1850s and maintained ever since by a system

WH (1985) ii, iv

of canals, sluices and dykes. An estimated65 million fish-fry are

Ramsar (MR)

carried into the park‘s water impoundments by river flooding every

WWF- (v)

year during the monsoon season, which provide the food base for large
numbers of wading and fish-eating birds. The park is an unrivalled
breeding site for herons, storks and cormorants and an important
wintering ground for large numbers of migrant ducks. The park was
the last known wintering ground in India of the western population of
Siberian crane (V). Other threatened avifauna species occur, including
Dalmatian pelican (V), spot-billed pelican (I), greater adjutant (E),
lesser adjutant (V), marbled teal (V), Baikal teal (V), Baer's pochard
(V) and Pallas' sea-eagle (R). Threatened mammals include the fishing
cat (K) and smooth-coated otter (VU).
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2.

Manas National

50,000ha

This park‘s wetlands are of international importance. The Manas River

Park

flows through the western portion of the park, where it splits into three

WH (1985) ii, iii, iv

separate rivers, and joins the Brahmaputra 64km further south. These

WWF- (105)

and other rivers running through the tiger reserve carry an enormous
amount of silt and rock debris from the foothills (from heavy rainfall),
along with fragile debris from the rock and steep gradients of the
catchments. Threatened mammals include the fishing cat (K), only
pure strain of this species of water buffalo (V) in India, swamp deer
(V) and Ganges dolphin (E). Rare waterfowl species include spotbilled pelican (I), lesser adjutant (V) and greater adjutant (E). Reptiles
include gharial (E) (possibly introduced from neighbouring Bhutan or
as a result of a captive breeding programme) and Assam roofed turtle

3.

Sundarbans

133,010ha

Sundarbans contains the world's largest region of mangrove forests,

National Park

with 36 true mangroves, 28 associated and seven obligatory mangrove

WH (1987) ii, iv

species representing 29 families and 49 genera. The Sundarbans, apart

WWF- (185,g)

from being the only mangrove forest in the world inhabited by the
tiger, contains a rich and unique biota, with a large number of
threatened species including numerous fishing cats (K). Threatened
avifauna includes the greater adjutant (E) and Asian dowitcher (R), a
rare winter migrant, and birds of prey include osprey, Pallas's seaeagle (R), white-bellied sea-eagle and grey-headed fishing eagle.
Aquatic mammals that frequent the tidal waters include the Ganges
dolphin, Indo-Pacific hump-backed dolphin (K), Irrawaddy dolphin
(K) and finless porpoise (K). The Sundarbans provide important
habitat for a variety of reptiles including river terrapin (E), olive ridley
(E), which nest there, hawksbill (E) and estuarine crocodile (E).

Synergistic linkages
UNESCO,s man and the Biosphere (MAB) and World Heritage Convention have strong linkages with Ramsar and
many other international conventions and agreements such as the convention of biological diversity (Boojh 2007).
The application of the biosphere reserves concept to the areas of terrestrial and coastal ecosystems is innovative,
especially in terms of the conservation of biodiversity with its sustainable use (UNESCO 2000, 2002). MAB
Programme, long before the 1972 Stockholm Conference, laid down the basis for the sustainable use and
conservation of biological diversity, as well as for the improvement of the relationship between people and their
environment the world over. Conservation of biological diversity remains a central feature of biosphere reserves,
and it has implications which cut across several multilateral environmental agreements (MEAs) which deal with
issues falling within the ambit of biological diversity. Some other the conventions such as Ramsar Convention came
into being long before the 1992 Convention on Biological Diversity (CBD). Similarly, BRs have applicability to the
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1972 World heritage‟ list. Biosphere reserves are also a potential operational tool of value in addressing many of the
objectives of Agenda 21, MDGs and WSSD. Many world heritage sites have also been designated in the core areas
of biosphere reserves meeting the criteria of outstanding universal value of the World Heritage Convention. The
presence of a buffer zone and an outer transition area particularly the focus of biosphere reserves on people‘s
participation, serves to reinforce the protection necessary for World Heritage. Moreover, the initiative on the natural
sacred sites and cultural landscapes for biodiversity conservation includes wetlands and mountain biosphere reserves
to explore the mechanisms of culture-based conservation linked sustainable development.
Another important initiative is the programme of joint work between the Ramsar Convention UNESCO Man and
the Biosphere Programme (MAB), to develop cooperation with the World Heritage Convention and the MAB
especially as regards wetlands designated as World Heritage Sites, Biosphere Reserves and/or Ramsar sites. The
programme was also endorsed by the MAB International Coordinating Council, at its sixteenth session (Paris, 6-10
November 2000), to continue synergy with the Convention on Wetlands on developing concrete site-based
cooperation and in the broader area of developing common approaches to ecosystem science. The joint programme
has been developed in recognition of the fact that there is mutual interest in the activities of the Ramsar Convention
and the MAB particularly in the areas of the identification and designation of sites, site management planning,
assessment and monitoring, and communication, education and public awareness. Of the 2177 Ramsar sites and 612
Biosphere reserves worldwide (as of January 2014), 142 have so far been designated wholly or partly as both
Ramsar sites and Biosphere Reserves, and some of these sites have also been declared as UNESCO World Heritage
Sites. The programme recognises that many other wetlands have the potential for designation under these
instruments.
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Climate Change Projections for Madhya Pradesh
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Abstract
Climate change projections over the state of Madhya Pradesh have been developed using the dynamically
downscaled high resolution model PRECIS. The five simulations from Quantifying Uncertainties in Model
Predictions (QUMP) have been used. The present century simulations have been validated for the period 19611990 and the future projections in seasonal rainfall, annual average temperatures and some extreme indices have
been discussed for three time slices 2020s (near term), 2050s (middle) and 2080s (long term). The temperature over
MP is projected to rise around 3-4.5o C and rainfall may increase by 10-20% with respect to 19070s towards the end
of the century. This may have adverse implications on water quality, water availability, ecosystems in lakes and
wetlands in MP.

1. Introduction
Climate change arising out of global warming is humanity‘s greatest challenge ever. The industrial
revolution that catapulted the economies of the present day developed countries has led to considerable increase in
the emissions of green house gases (GHGs). The increased concentration of GHGs in the earth‘s atmosphere is
altering the natural balance of the greenhouse effect. The outcome of this imbalance is global warming that is
contributing to unprecedented changes in global and local climates as concluded by the Intergovernmental Panel on
Climate Change (IPCC).

These changes could have significant impact on natural systems like forests and

ecosystems, water availability, sea level rises as also human activities of agriculture, forestry, fishery and human
health itself. Climate change is thus a global issue with impacts that will manifest at local scales.

2. Observed climate variability
From the observed increase in global average temperature, air as well as ocean , widespread increase in
melting of snow and ice and rising global average sea level , it is obvious that the warming of the climate system is
unequivocal. Over the period of 100 years (1996-2005) surface temperature shows a warming trend of 0.74. In this
paper we present the climate change projections over the state of Madhya Pradesh. It is recommended that to
examine the climate change impacts over a region over the next century, it is necessary to study how the climate
over that region has varied over past. Hence we present some analysis of observed climate variability over MP using
rainfall and temperature which are the most important indicators of climate variability and change. Kothawale et al
(2010) have shown that the annual average surface temperatures are significantly warming over MP over the century
long period of 1901-2007. The warming is more accelerated during the recent period 1971-2007. Also the night time
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temperatures show more warming than the day-time temperatures. The seasonal (June-September) rainfall does not
depict statistically significant trend over MP (Guhathakurta and Rajeevan 2008), however rainfall over West MP
shows increasing tendency while that over East MP shows decreasing tendency. The decreasing rainfall over east
MP is mainly contributed by the significant reduction in July rainfall.

3. Observed Rainfall and temperature Trends over MP
Monthly rainfall data for West and East MP for more than a century( 1901-2006) have been downloaded
from the website of Indian Institute of Tropical Meteorology, Pune (www.tropmet.res.in). From this monthly data
the average time series of seasonal (June through September) rainfall has been prepared for the state of MP.
The surface air temperature data for the same period is available at the station level which has been
acquired from Dr. D. R. Kothawale from IITM (personal communication). The long term temperature data is
available for 8 stations over MP. The annual average temperature series for MP have been prepared by averaging the
data over available stations.
As seen from Fig 1 over the century long period the seasonal rainfall over MP do not depict any trend, however in
recent period the rainfall is decreasing though not statistically significant. The annual average temperature are
warming significantly over both the periods with more accelerated rate in recent period. Hence MP is seen to be
substantially and consistently warming in recent five decades. If the warming continues in this manner it will have
profound effects on livelihood, water resources, socio-economic aspects, health , biodiversity and agriculture of MP.
To examine the projections of changing climate global climate models are the best tools. However the global models
are reasonable over large spatial scales as well as on seasonal to annual time scales. Also due to their coarse
resolution these models may not represent the small scale features like changes in land cover or orographic features
etc.
Hence here we use the outputs from high resolution (50 x 50 km2) regional model PRECIS (Providing
REgional Climates for Impact Studies) which is a dynamically downscaled model of Hadley Center , UK . Five
simulations (Q0, Q1, Q5, Q14 and Q15) from a seventeen-member Perturbed Physics Ensemble (PPE) produced
using fully coupled model, HadCM3 under the Quantifying Uncertainty in Model Predictions (QUMP) project of
Hadley Centre Met Office, U.K., have been used as Lateral Boundary Conditions (LBCs)

for the 138 year

simulations (1961-2098) of the regional climate model - PRECIS. In this study we consider

three time slices

representing the short (2020s: mean of 2011-2040), medium (2050s: mean of 2041-2070) and long term (2080s :
mean of 2071-2098) with implications for policy on these time scales. Kumar et al (2011) have developed the
climate change projections on national scale using these five simulations.
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Fig 1: Interannual variability of seasonal rainfall and annual average temperature over MP for
two periods 1901-2006 and 1951-2006

4

Projected changes in seasonal rainfall and annual average temperature
The temperature happens to be the major indicator of warming and climate change and rainfall is very

crucial for a agrarian country like India hence we consider projected changes in seasonal rainfall and temperature
over MP. The present century simulations from five QUMP ensembles have been validated with observed rainfall
and temperature for the period 1961-1190. In general all the QUMP experiments capture the seasonal rainfall pattern
over MP when compared to the high resolution (1 o x 1o long/lat) gridded data prepared by IMD (Rajeevan et al
2005) , however simulate dry bias of 3-5 mm/day over MP, especially over west MP. Also annual average
temperature simulates 1-3 o C cold bias over the entire state.
The projected changes in these two parameters have been examined in three future time slices 2020s, 2050s
and 2080s with respect to 1970s from all five QUMP ensembles. Fig 2 depicts the projected change in seasonal
rainfall (% - left) and change in annual average temperature (o C-right) over MP towards the end of the century ie
2080s with respect to 1970s. In the recent future there is no significant change in rainfall, however the rainfall
increases by 10-20% towards the end of the century. This may have implications on lakes and wetlands in MP. The
projections over MP state that there may be less number of rainy days which would me more intense. Also though
floods and droughts may not have much change in their frequency, they may be more intense in future.
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Fig 2: Projected change in seasonal rainfall (% - left) and change in annual average temperature (o C-right)
over MP by five QUMP simulations towards the end of the century i.e. 2080s with respect to 1970s.
Populations of aquatic organisms are very sensitive to frequency, duration and timings of extreme events like floods
and droughts. Though the rainfall is projected to increase towards the end of the century, due to unprecedented
population growth, the entire country will experience a severe water stress.
In 2020s the annual average temperature may warm up by 1-2 oC, by 2-3.5oC in 2050s while 3o C to more
than 4.5o C towards the end of the century as compared to baseline simulations of 1970s. This warming may happen
due to multiple factors like industrialization, urbanization, unprecedented population growth which may lead to
increase in concentration of greenhouse gases in the atmosphere. This degradation process first attacks the lakes and
reservoirs in the vicinity of urban areas that underwent large scale pollution due to sewage and industrial and
chemical pollutants (Kodarkar et al 2006). Increases in water temperatures may alter fundamental ecological
processes and geographic distribution of aquatic species. Climate change may alter sensitive freshwater and coastal
wetlands, altering the water quality. Wetlands are critical habitats of many species which are poorly adapted to
changing climate.

5

Summary

The observed analysis shows that the rainfall is decreasing over MP in recent five decades while temperatures are
warming unequivocally. Climate change projections show that In the recent future there is no significant change in
rainfall, however the rainfall increases by 10-20% towards the end of the century. MP may be warmer by upto 4.5
o

C towards the end of this century. All this may have adverse impacts on water availability, water quality from
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Lakes, and ecosystems and biodiversity in lakes and wetland. The mitigation and adaptation measures have to be
taken up on war footing to save the lakes and wetlands from devastating impacts of climate change.
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Existing at the interface between truly terrestrial and aquatic ecosystems, wetlands require specialized management
approaches balancing the twin objectives of maintaining ecological integrity as well as proving for livelihood needs
of dependent communities. Conventional protected area led management approaches, which exclude humans and
use of natural resource, are unsuitable for managing a large category of wetlands. Wise use principle, adopted as a
guiding principle by Ramsar Convention on Wetlands, is one of the longest established examples amongst
intergovernmental processes of ecosystem approaches for conservation and sustainable development of natural
resources. Wise use of wetlands involves their sustainable utilization for the benefit of humankind in a way
compatible with maintenance of natural properties of the ecosystem. The approach builds on the critical linkages
that exist between people and sustainable development of wetlands; and encourages community engagement and
transparency in negotiating trade-offs and determining equitable outcomes for conservation. India ratified the
Convention in September 1982 and is committed to ensuring wise use of all wetlands in her territory.
The wise use definition as adopted by the Convention is ―the maintenance of their ecological character within the
context of sustainable development, and achieved through implementation of ecosystem approaches‖. Traditionally,
ecological character definition included physical, chemical and biological components and processes of wetland
ecosystems. In 2005, the definition was updated to include wetland ecosystem services thereby explicitly focusing
on the need to secure role of wetlands in well-being outcomes related to water and food security and increasingly
climate change mitigation and adaptation. This shift enables linking benefits derived by humans from wetlands
ecosystems to ecosystem components and processes which underpin delivery of these services within a common
framework.
Management planning of wetland sites entail outlining an approach for maintenance of ecological character, and in
doing so; retain those essential ecological functions which underpin delivery of ecosystem services and maintenance
of biodiversity. Implicit is the need to prioritize ecological character elements so as to form the building blocks of
management planning. Changes to ecological character of wetlands outside natural variation may signal that uses of
the site are unsustainable, and may lead to the breakdown of its ecological, biological and hydrological functioning.
To address societal well-being considerations, the social construct of ecological character needs to be elucidated and
wetlands conceptualized as coupled and nested socio-ecological systems, wherein ecological character stands
influenced and modified by the way livelihood systems are linked to wetland resources, choices and trade-offs they
make and governance systems that influence their behaviour. A holistic approach to management planning therefore
needs to begin with outlines of the policy and stakeholder contexts, particularly expressing the expected outcomes
and conflicting interests. Management planning, rather than being conceived as a mechanism to define resource
required, is also a communication and conflict resolution tool that allows development of a shared vision on
wetlands. A diagnostic process of identifying status and trends in ecological character elements and systematic
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prioritization needs to form the foundation of identifying management objectives and action plan. This is in contrast
to prevalent management planning processes which are problem centric and follow symptomatic assessment
processes rather than addressing root causes of changes in ecological character derived based on biophysical as well
as social assessments.
Recent evidences of wetlands loss indicate that striking a balance between ecosystem services and wetland
functioning is indeed going to be challenge. Wetlands are being rapidly modified, all across the globe, to meet
water, food and energy security needs of burgeoning population, leading to, often irreversible changes in ecological
character states, mostly for enhancing provisioning services at the expense of regulating and cultural services. Public
good character of ecosystem services, which means that the society overall is better off if these services are
maintained, even if there are limited numbers of people who privately and exclusively benefit from them, makes
management complex. This often raises ethical and normative concerns, the issue of social rights and wrongs and
the role of dialogue in a public arena to understand their management and fully appreciate the impacts of alternate
choices. The heterogeneity of power structures, unequal social positions and differential strengths in political
bargaining processes often prevent rationalized decision making leading to marginalization and creation of imposed
choices.
Human behaviour and incentive systems have been central to the provision of wetland ecosystem services.
Valuation is an important means of expressing linkages of human societies with wetlands, their ecosystem services
and biodiversity. Based on the values people hold for wetlands, important repercussions for ecosystem services
could result just by making the link between the economy and environment more explicit. Economic valuation, an
anthropocentric and utilitarian subset of valuation approaches, helps unravel the complexities of socio-ecological
relationships, make explicit how decision making would affect ecosystem service values, and to express these value
changes in units that allow for their incorporation in public decision making process. However, recognizing and
being aware of economic values is only the first step towards attitudinal changes for wetlands. Given the public
good characteristics of most of the ecosystem service categories, mechanisms and management approaches are
required for capturing economic values in real-life decision making processes.
Valuation of ecosystem services thereby acquires an important component of strategies to address wetlands – human
well-being interlinkages by acting as a tool for self-reflection, alerting us to the consequences of our choices and
behaviour on various dimensions of human capital. It is an important institution in itself to engender change in the
way societies respond to the crises of continued wetland loss and degradation. However, in order to play this role
efficiently, the valuation process itself has to be credible not only as a tool for achieving economic efficiency, but
also social fairness and ecological sustainability. Values and the process of valuation reflect socially and culturally
constructed realities linked to worldviews, mind-sets and belief systems shaped by social interactions, as well as
political and power relations operating within a realm of local, regional and global interdependencies. It is thereby
pertinent that ecological as well as social contexts are adequately considered and captured in valuation approaches
for assessing and capturing values.
The presentation uses case studies from management planning of Indian Ramsar sites to elucidate a diagnostic
approach for defining wise use outcomes. The role of valuation in supporting integration of stakeholder perceptions
and livelihood needs into assessment of trade-offs is discussed.

27

Bhoj Wetland – Status Report
Ashwani Wanganeo
Professor & Head, Department of Environmental Sciences & Limnology
Barkatullah University, Bhopal
E-mail: profwanganeo@gmail.com

A satellite feeder impoundment for a bigger water body (250 sq.miles, whose remnants can be seen near Bhojpur)
was created by damming Kolans river nearly nine hundred years ago in the eleventh century by Raja Bhoj. This
impoundment catered to the potable needs of the population, who settled towards the North – East side of it. With
the passage of time the impoundment was allowed to swell up by raising the dam height to augment the potable
needs of the burgeoning population. Later, another small relatively deep water body was created on the eastern flank
of the impoundment in 1794 by building a dam across the Banganga river. The two together (upper and lower
basins) were categorized under Bhoj wetland by MOeF in the year 1988.
The upper basin of Bhoj wetland, still, the chief source of potable water is situated at an elevation of 494 m.a.s.l
,within geographical co-ordinates of 23o 10‘- 23o20‘ N latitude and 77o 15‘-77o 25‘ E longitude, with a catchment
area of 361 km2. The eastern flank of the wet land catchment area is mainly of sand stone formation while rest of the
catchment area is mainly basaltic. The black cotton soil derived from the weathering of Deccan traps is primarily the
backbone of almost all water bodies in Bhopal (experiencing around 919 mm of precipitation during monsoon
period) on account of its high water retention capacity.
Wanganeo (1998) while observing the changes in total lake area over a period of ten years recorded a decrease in the
area by 3.175 sq.Km. during the pre-monsoon period. While during post-monsoon a reduction in area by 3.1625
sq.Km was registered. The change in open water area is mainly on account of precipitation, evapo-transpiration and
regular draining of water for potable purpose.
Wanganeo (1998) divide the whole catchment area of the upper basin of Bhoj wetland into eleven water sheds
(based on drainage pattern) for micro analysis. The water shed number (VI, towards the west side of the wet land) is
the largest in area (236.10 km2) and basically it is agricultural in nature which contributes maximum hydraulic input
along with the sediments and nutrients in comparison to other water sheds. Water shed No. I, though small in area
records high human population density followed by Water shed No‘s. II and III. On the other hand Water shed No‘s.
III, IV and IX record highest number of animal population whose waste also drains into the wet land.
The land use / land cover study conducted over a decade reveals increase in build up land and fallow land
at the cost of crop land. Besides this sizeable amount of sludge, silt, and other forms of residues are being dumped
by the twenty two defined point source Nallas and non point sources together with open defecation. The latrine
mode has been found to be 100% as wet type in most of the Bhopal city wards (5, 6, 7, 9, 27 and 29) whereas, the
Bhopal and Sehore villages make use of dry mode of latrine. The amount of urine (247608.7 liters/day) is released
from studied wards and villages, contributing (1627.82 kg/day of nitrogen and 200.409 kg/day of phosphorus)
having population of 180755 persons. On the other hand, 24759.4 kg/day of fecal matter is generated from surveyed
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wards and villages, having nitrogen 200.409 kg/day and phosphorus 6.766 kg/day. From the urban catchment area
of Bhoj wetland a total animal population of 5760 individuals has been recorded. These animal populations released
highest amount of nutrients (1007.63 kg/day of nitrogen and 136.84 kg/day of phosphorus). A nutrient budget
prepared by Wanganeo (1998) revealed entry of huge amount of biologically important nutrients into the wet land.
A number of religious activities take place on the catchment area during festival seasons. As a result a variety of
materials viz., clay, hay, clothes, papers, bamboo, wood, adhesive material, water soluble and insoluble paints
containing harmful substances are released into the lake water. Further, Bhopal Municipal Corporation disposes only
96 ton per day of garbage as against 131 ton per day from the sub project area, the rest ultimately finds its way into
the water body.
The deposition of heavy metals reveals seasonal periodicity as well as site variation depicting maximum
concentration of cadmium and lead during pre-monsoon period while iron and zinc recorded maximum value during
monsoon period in comparison to copper which recorded highest value in post-monsoon period. The presence of
heavy metals in the wetland ecosystem though in varying quantity warns its escalation in the near future.
The present wetland is experiencing diverse flora and fauna in the form of primary producers to tertiary producers /
consumers. A reduction in migratory bird population has been observed on account of Human interference.
Looking to the importance of the wetland Lake conservation authority adopted some management strategies like,
construction of 75 check dams, high level and low level gabion structure, two silt traps, toe walls and cascading for
controlling silt entry have been executed. However, the incoming point source nallahs have yet to be diverted. Even
the effective solid waste management has yet to be implemented properly.
The Bhadhbadha spill channel has been deepened and widened. An island situated close to boat club has been given
a facelift. In order to prevent encroachment, human settlement, movement of the cattle‘s and cultivation etc., buffer
zones have been created particularly in the Western, Southern and Northern fringe area of the lake besides this
intensive plantation has been carried out in the catchment area of the upper lake to control and check soil erosion.
A link road from Retghat to Lalghati was constructed under the project as a buffer between the Human Settlements
and Lake.
Looking to the phenomenal rise in aquatic biomass the deweeding program was initiated in order to check the
growth of different forms of macrophytes/algae. The removal of submerged weeds led to the increase in turbidity
initially while it got subsided within short stipulated time on account of sedimentation of colloidal particles along
with other biological population viz., bacteria. This might be the reason why bacterial population recorded a
reduction in its value after deweeding process.
Amongst the biological population, macrophytes removed from the fringe area during dry season mainly Ipomia
fistulosa,, Eichhornia crassipes got replaced by dense growth of Scirpus sp. during the wet season/monsoon.
Further, Otellia sp. recorded a rise in its growth after the removal of Eichhornia from the specific sports viz.,
Mughalia chhap and Lakhapur.
Some 400 fishermen families earn their living through fishing on the wetland. A fisherman on an average gets at
least Rs. Six thousand per month as his earnings from this activity.
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There are a number of boatmen who ply their boats in the Bhoj wetland. Annual income of the paddle, row and
motor boats is Rs. one crore ten lac fifty five thousand, forty eight lac thirty thousand and seventy three lac twenty
thousand respectively
The revenue that is collected from the city of Bhopal as water tax charges is Rs 2,14, 64, 600/- per annum.
The income generated by the MP Tourism from Indira Gandhi Rashtriya Manav Sangrahalaya (IGRMS) situated in
the vicinity of the present water body is Rs. Thirteen lac thirty five thousand per year and from Van Vihar National
park it is Rs. Seventy eight lac twelve thousand nine hundred per year. The revenue generated by the MP tourism
development corporation from recreational activities, like cafeteria is in fact a good sum indeed. The income
generated from the cafeteria is about Rs. Thirty three lac per year and from private individuals like roadside vendors
is about Rs. Fifty eight lac eighty thousand eight hundred per year.
The revenue that is collected from the city of Bhopal as water tax charges is Rs. two crore, fourteen lac,
sixty four thousand and six hundred per annum. This tax includes the amount paid by all the commercial
organizations and people of the city. The income generated by the MP Tourism from IGRMS situated in the vicinity
of the present water body is Rs. thirteen lac, thirty five thousand per year and from Van Vihar National park it is Rs.
forty one lac, forty nine thousand per year. The revenue generated by the MP Tourism Development Corporation
from recreational activities (like boating) and cafeteria is in fact a good sum indeed. The income generated from the
cafeteria and boating is about Rs. seventy three lac, twenty thousand and Rs. thirty three lac per year respectively.
Other revenue generating resources (like boatman, road side vendors etc.) amounts to about Rs. five crore, five lac,
sixty five thousand and eight hundred per year. Though tourism has been acclaimed to be one of the world‘s biggest
revenue generating industries accounting for billions of rupees and providing thousands of jobs, yet the overall rapid
growth of tourist inflow in recent years has induced a haphazard growth of tourist infrastructure, which is not in
harmony with the environment causing huge negative impact.
The wetland records higher trophic status based on its nutrient budget and biological population. There is
immediate need to devise a conservation strategy looking to the local needs of the resource which in turn will signify
its priority.
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Spatial Planning framework for Conservation and Management of Urban
lakes and wetlands in India – A case of Upper Lake Bhopal.
Prof. Saswat Bandyopadhyay1 and Prof. P.K Ghosh2

Abstract
Comparatively larger human habitations traditionally have come up by the side or surrounding the water sources, be
it in the form of river, spring or lakes. Since then cities have grown in size and in many cases the water bodies have
lost its importance as source of drinking water but they still continue as a part of the cityscape, mostly in a highly
degraded condition.

Even if they do not act as a source of drinking water, though some of them still do, they render, a number of what is
called in modern parlance is called eco services to the habitation. But none the less in a large number of cases, such
water bodies have become highly eutrophic or super eutrophic, and gradually losing their capacity to render the
important eco services. Tremendous pressure of urban development is leading to the filling in of these water bodies
resulting in the encroachment on the land so recovered.

It is generally believed that, lack of planning is one of the major reason for this a state of the urban water bodies.
Spatial planning is usually resorted to in the urban centres across the world to facilitate the urban functions. The
urban bodies have legally defined geographical limits. A spatial planning of urban water bodies would inevitable
link it up with areas beyond the urban limits. This will be virtually an eco-oriented regional planning. Unfortunately,
there is as yet, no specific statutory back up available for such an endeavour.
Urban India today, accounts for only 5% of the geography, holds 33% of India‘s population and contributes about
70% of the national income, leading to high contestation in Land and Land Use in Urban and peripheral areas. The
existing spatial planning framework in India is clearly struggling to integrate issues pertaining to environment, land
management and conservation of natural resources at various levels.
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Prof. Saswat Bandyopadhyay is presently the Professor and Area Chair, Faculty of Planning and CEPT
University,Ahmedabad, India and Study team leader. Prof. Saswat has lead several environmental management
studies for Urban Lakes and Wetlands in India, Bhutan and China. He is a member of the expert committee on
Environmental Issues and Green Plan for Delhi, DDA and expert advisory committee to National Development
Council group on Urban Environment.
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Prof. P. K. Ghosh, (IAS) Retd. as Addl Chief Secretary, Forest and Environment Department, Govt of Gujarat.
Earlier, chairman, State Environmental Impact Assessment Authority, State of Gujarat. And Chairman, Heritage
Conservation Committee, Ahmedabad.
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Empirical evidences from several urban lake and wetlands, in India, and their rapid deterioration over the past
decades, clearly suggests the urgent need for a critical review at various levels. The present study of Upper Lake,
Bhopal is one such serious attempt to restore the balance through spatial interve0ntions. The study takes into
consideration several diverse aspects of urban wetlands and challenges.
This paper aims to bring forth the opportunities and challenges in application of spatial planning framework in
conservation and management of natural resources like Urban Lakes and Wetlands in the context of rapidly growing
urban case such as Bhopal. It also highlights various limiting factors in technical, institutional and regulatory
framework and the lessons to be internalised from various national and international best cases.
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Conservation of Wetlands and Lakes: An Indian Legal Perspective
Prof (Dr.) Rajiv Khare2
“The natural resources of the earth, including the air, water, land, flora and fauna and especially
representative samples of natural ecosystems, must be safeguarded for the benefit of present and future
generations through careful planning or management, as appropriate.”
[Principle 2-Stockholm Declaration, 1972]

Introduction
Lakes and wetlands3, the national heritage, hold special significance in the lives of human beings and other creatures
besides having economic value. They are among the most biologically productive habitats in the world. Wetland
constitute 6.4% of earth‘s surface and serve various functions such as flood control, nutrient absorption, sediment
retention, erosion control and provide habitat for variety of species of flora and fauna. 4 Translated into economic
terms, they are the key attractions of tourists, supply raw materials for paper or basketry goods and fisheries.
However, continuous assault on the wetlands and lakes make them shrink, disappear leading to food and water
insecurity. These wetlands are facing serious problems of environmental degradation due to various factors, viz.
increasing population, waste water from domestic and industrial effluents, increasing tourist pressure, demand for
fresh water, and developmental activities. It is one of the irony that we, the human beings, have the ability to mould
environment to our needs so as even to the extent of destruction and on the other hand we claim safe, unpolluted,
and healthy environment. Following few case studies bring out the present status of wetlands and lakes in our
country.
Harike lake, a wetland formed downstream of the confluence of Beas and Satluj rivers in Punjab—recognized as
Ramsar site in 1990—has been reported to shrink to two-thirds of its 41 sq km area in the last 13 years. Some of the
wetland sites namely; Loktak in Manipur; Chilika in Odisha, and Wulur in Kashmir, designated as sites of
international importance under Ramsar Convention have been the victims of uncontrolled development and illegal
encroachments. Recent studies reported5 that one-third of country‘s wetlands have already been wiped or severely
2

Chairperson, Centre for Environment and Natural Resources Law, National Law Institute University, Bhopal
(M.P.); India. E-mail: rajiv_khare@rediffmail.com.
3

Wetlands are areas of land where the water level remains near or above the surface of the ground for most of the
year and include ponds, tanks, canals, creeks, water channels, reservoirs, rivers, streams and lakes etc.
4

See, Gaurav Garwa and Govind Ram Meena, Conservation of Lakes: Legal Solutions in Sengupta, M. and
Dalwani, R. (Editors). 2008; Preceedings of Tall 2007, p.1149
5

See, Sudhirendra Sharma, The curious case of disappearing wetland, in Hindustan Times, dated 01.02.2014, p. 8
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degraded. The plight of unreported wetlands is much worse, not a single wetland has been spared. For instance, in
Bangalore out of 262 lakes only 10 hold water now; 65 of Ahmadabad‘s 137 lakes have already been converted to
developmental sites and most of the water bodies identified in Delhi (625) exist on paper only. 6
The above state of affairs relating wetlands and lakes paints a quite gloomy picture so far as their conservation and
management is concerned. The Vembanad Lake, declared as a Ramsar site in 2002 and a Critically Vulnerable
Coastal Area (CVCA), situated in the state of Kerala, supports exceptionally large biological diversity and
constitutes second largest wetlands in India. It also plays an important role in the ecology and economy of the state.
It has immense conservation importance as it supports a large aquatic biodiversity and the most important migrating
bird‘s habitat besides of most important migrating bird‘s habitat besides of the fin, shell-fish and a nursery of several
species of aquatic life. Shrinkage of lake as a result of land reclamation (5.21 acres) is reported to be undergoing
severe environmental degradation due to increased human interventions through developmental activities. 7
In yet another case8, the Punjab State Government had acquired hilly area measuring 6172.09 acres of Sukhna lake
catchment for carrying out soil conservation works to reduce the silt in-flow into the lake. However, the area so
acquired was later to be urbanized and accordingly, it was pointed out that it would lead to degradation of habitat
and disturb migratory birds which come every year to Sukhna lake. Also that permitting urbanization next to Sukhna
lake is likely to be a death knell for the precious wildlife. The land proposed to be acquired falls in the ecologically
fragile green belt along the Sukhna lake.
The above scenario compels us to understand the reasons for the present state of affairs concerning conservation and
wise-use of wetlands as an international commitment at Ramsar. The factors for such oversight may range from lack
of resources and ambivalent political interest amongst the agencies responsible for wetland protection and
conservation to the vast number of multiple users and economic interest attached to these wetland ecosystems as
well as the varying geographical characteristic and diverse range of wetlands in our country. Also lack of accurate
scientific information9 and multiple bodies of decision makers, created under number of laws applicable to
wetlands10 may be another factor for the neglect. This paper, accordingly, seeks to examine the existing legal
framework both at international and national level and also briefly scrutinizes the steps taken by the Executive and
Judiciary in conservation of lakes and wetlands in India.

6

Ibid

7

See, for details, Vaamika Island (Green Lagoon Resort) v. Union of India, (2013) 8 SCC 760.

8

S.S. Brar & Ors. v. Union of India and Ors., (2013) 1 SCC 403.

9

Although the ―precautionary principle‖—one of the principles of international environmental law under Principle
15 of the Rio Declaration, 1992, provides that ―lack of scientific certainty should not be used as a reason for
postponing measures to prevent environmental degradation‖, rather it requires the statutory authorities and the
government ‗to anticipate, prevent and attack the causes of environmental degradation‘.
10

Discussed later in this paper
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International Law developments: A Bird’s Eye-View
At the international level, the Convention on Wetlands of International Importance especially as Waterfowl habitat
was signed in Ramsar, Iran in 1971.11 The main aim of the Convention is ‗to stem the progressive encroachment on
and loss of wetlands now and future‟ and „to support wetland conservation by combining foresighted national
action.‘ The Ramsar document defines wetlands as, “areas of marsh, fen, peat land or water, whether natural or
artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt, including areas of
marine water the depth of which at low tide does not exceed six metres.‖12 This definition includes diverse habitats
ranging from mangrove swamps, peat bogs and coastal beaches to tidal flats, mountain lakes, tropical river systems
and even coral reefs. The convention lays down several measures for conservation of wetlands which may be
classified in three broad categories: (i) Specific site measures which include ‗designating wetlands of international
importance and conservation of national parks, protected areas, site planning and participatory management etc.‘13;
(ii) Non site measures include ‗integrated planning, environmental permit systems, environment impact assessment
(EIA) and environmental auditing including procedure thereof, habitat and species conservation and incentive
measures etc.‘14 and; (iii) the International Cooperation for implementation of the Ramsar initiatives, obligations,
encourage wetland research and promoting the training of personnel etc,‘. 15
A pertinent question may be raised here as to why does an international agreement address convention of wetlands
that presumably lie within national jurisdiction? The answer to the above could be located in the Preamble of the
Ramsar document which lists out at least four reasons for such initiative. They are:


The ecosystem affected by wetlands are often international, lying across the borders of two or more states;



Waterfowl in their seasonal migrations may cross national borders and are thus an international resource;



Wetlands constitute a resource of great economic, cultural, scientific and recreational value, the loss of
which would be irreparable;

11

Ramsar Convention is an intergovernmental treaty which provides the framework for national action and
international cooperation for the conservation and wise use of wetlands. There are 156 countries as contracting
parties to the treaty and 1676 sites are designated under this Convention as Ramsar sites of international importance.
(See, http://www.ramsar.org/cda/en/ramsar-documents-list/main/ramsar/1-31-218_4000_0 last visited on
08.02.2014). Other important international Conventions, Declarations include; (i) The United Nations Convention
on Human Environment (1972); (ii) The Convention on Biological Diversity (1992); (iii) Convention on the
Conservation of Migratory Species of Wild Animals (1979) also known as Bonn Convention; (iv) the World Charter
for Nature, adopted and proclaimed by United Nations General Assembly on 28.10.1982.
12

Article 1.1 of the Ramsar Convention, 1971

13

See, Article 2 of the Ramsar Convention.

14

See, Article 3.1 of the Ramsar Convention.

15

For details see, Articles 4 and 5 of the Ramsar Convention.
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In coordination with national policies, international action can play an important role in ensuring the
conservation of wetlands and their flora and fauna. 16

It may be noted that the first step, for implementation of Ramsar commitment for conservation of wetlands require
listing of sites of international importance. It is alleged that the original listing requirements were quite general and
accordingly the new criteria for listing of sites has been prepared by the Seventh Conference of Parties in1999 which
require that a wetland should be considered of international importance if it:
(a) Regularly supports 10,000 ducks, geese and swans; or 10,000 coots; or 20,000 waders, or;
(b) Regularly supports 1% of the individuals in a population of one species or sub-species of waterfowl or;
(c) Regularly supports 1% of the breeding pairs in a population of one species or sub-species of waterfowl.17
It may be further added here that listing of wetlands under Ramsar document is not permanent. A party may de-list a
wetland or change its boundaries in case of an „urgent national interest‘,18 a term that has again not been defined in
the Convention. However in such cases the party is required to compensate for any loss of wetland resources and
create additional nature reserves for waterfowl and protection of original habitat.
Further the ‗wise-use‘ of wetlands has been permitted under Article 3 of the Ramsar Convention 19 without defining
the term. This fallacy has been corrected at the Third Conference of Parties Canada, 1987, which defines ‗wise-use‘
as under:

16

David Hunter, James E. Salzman, Durwood Zaelke, International Environmental Law and Policy, Foundation
Press, 2nd Ed., (2002) pp. 1029-1030
17

Id, at p. 1030

18

See, Articles 2.5 and 3.2 which reads as under: “Article 2. 5 - Any Contracting Party shall have the right to add to
the List further wetlands situated within its territory, to extend the boundaries of those wetlands already included by
it in the List, or, because of its urgent national interests, to delete or restrict the boundaries of wetlands already
included by it in the List and shall, at the earliest possible time, inform the organization or government responsible
for the continuing bureau duties specified in Article 8 of any such changes.‖
“Article 3.2 – Each Contracting Party shall arrange to be informed at the earliest possible time if the ecological
character of any wetland in its territory and included in the List has changed, is changing or is likely to change as the
result of technological developments, pollution or other human interference. Information on such changes shall be
passed without delay to the organization or government responsible for the continuing bureau duties specified in
Article 8.‖
19

Article 3 reads as under: ―Article 3 - 1. The Contracting Parties shall formulate and implement their planning so
as to promote the conservation of the wetlands included in the List, and as far as possible the wise use of wetlands in
their territory.
2. Each Contracting Party shall arrange to be informed at the earliest possible time if the ecological character of any
wetland in its territory and included in the List has changed, is changing or is likely to change as the result of
technological developments, pollution or other human interference. Information on such changes shall be passed
without delay to the organization or government responsible for the continuing bureau duties specified in Article 8.‖
It may be pointed out that ‗wise-use‘ as a concept pre-dates to Stockholm Conference which is closely linked to
sustainable management of wetlands and lakes.
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“The wise use of wetlands is their sustainable utilization for the benefit of mankind in a way compatible
with the maintenance of the natural properties of the ecosystem.”
―Sustainable utilization‖ was defined as:
“Human use of wetland so that it may yield the greatest continuing benefit to present generations while
maintaining its potential to meet the needs and aspirations of future generations.”
The ―natural properties of the ecosystem‖ were defined as:
“Those physical, chemical and biological components, such as soil, water, plants, animals and nutrients,
and the interactions between them.‖20
Thus it is noted that at the international level the efforts have continued to ensure conservation and management of
wetlands and lakes. The gaps, wherever existed, have been tried to be removed through the Conference of Parties
from time to time. Some of the wetland sites, numbering twenty-five in India have been listed as Ramsar sites so far.
Thus it becomes pertinent to look at the legal framework available in India for the cause of wetlands.

Legal Framework at Domestic Level
Pursuant to the Ramsar commitment, the Government of India, Ministry of Environment and Forests, issued the
Wetlands (Conservation and Management) Rules in the year 2010. However, it would be inappropriate to presume
that there were no laws prior to these rules dealing with conservation and management of wetlands and lakes in
India. The laws that were and are in force include: the Constitution of India, and various Rules notified by the
Central Government under the Act(s), viz. the Wildlife (Protection) Act, 1972, the Indian Forests Act, 1927, the
Forest (Conservation) Act, 1980 and the Water (Prevention and Control of Pollution) Act, 1974. The above laws are
briefly discussed herein under:

Wetland Conservation and the Constitution of India
The Constitution of India, a fundamental law of the country and a dynamic document enshrines adequate provisions
for safeguarding lakes and wetlands.21 However, often an allegation is made against the Constitution that it was
enviro-blind at the commencement and rightly so because the Constitution (42 nd Amendment) Act, 1976 has added a
green eye by inserting Article 48-A as one of the State‘s obligations for protecting and improving the environment
and to safeguard the forests and wildlife of the country. 22 Also a fundamental duty has been imposed upon ‗we—the
people of India‘ to protect and improve natural environment including forests, lakes, rivers and wild life, and to have

20

Supra, foot note 15, at p. 1036

21

Article 31-A of the Constitution of India permits the State to acquire wetlands for public purpose read with entries
17-A & B of the Concurrent List of the VII Schedule power for protection of wildlife & forests through legislation.
22

Article 48-A reads, ―the state shall endeavour to protect and improve the environment and to safeguard the forests
and wildlife of the country.‖
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compassion for living creatures under Article 51-A (g).23 However, an explicit fundamental right has not been
inserted even after the amendment. This gap has been bridged by the hon‘ble Supreme Court and other courts of
India by reading this right as a part of the right to life and personal liberty guaranteed under Article 21.

24

The

provisions relating a trinity of rights, duties and state obligation provide a unique scheme for the protection and
conservation of lakes and wetlands in India. In Subhash Kumar v. State of Bihar25 case, it has been held by the apex
court that ―the right to life enshrined in Article 21 includes the right to enjoyment of pollution free water and air for
the full enjoyment of life.‖ Further the Madras High Court in M.K. Janardhanam v. District Collector, Tiruvallur
case, held that “the enjoyment of life and its attainment and its fulfillment guaranteed by Article 21 of the
Constitution embraces the protection and preservation of nature‟s gifts without which life cannot be enjoyed and
environmental degradation violates the fundamental right to life.” 26 In Vijay Singh Puniya v. State of Rajasthan27,
the Rajasthan High Court was of the opinion that “any person who disturbs the ecological balance or degrades,
pollutes and tinkers with the gifts of nature such as air, water, river, sea and other elements of Nature, he not only
violates the fundamental right guaranteed under Article 21 but also breaches the fundamental duty to protect the
natural environment under Article 51-A (g).‖
It may be further noted that the Parliament is empowered to legislate on any matter for implementing the
international treaty obligations under Article 25328 read with entry 13 and 14 of the Union List of Seventh Schedule
of the Constitution. In exercise of the powers under this provision, the Parliament has enacted a number of
legislations relevant and related to the environment including wetlands conservation, viz. the Environment
(Protection) Act, 1986, the Wildlife Protection Act, 1972 etc. Furthermore the Constitution (73 rd & 74th
Amendment) Act, 1991 have empowered the Panchayati Raj Institution—the units of local self governments—to
safeguard environment and ecology. 29 Thus it may be noted that the Constitution does enshrine adequate provisions
for protection and conservation of our heritage and life support for several other creatures, i.e. lakes and wetlands.

23

Article 51-A (g) reads that ―it shall be the duty of every citizen to protect and improve natural environment
including forests, lakes, rivers and wild life, and to have compassion for living creatures.
24

Article 21 of the Constitution reads, ―No person shall be deprived of his life or personal liberty except in
accordance with the procedure established by law”.
25
AIR 1990 SC 420
26

W.P.No.985 of 2000 decided on 26.07.2002.

27

AIR 2003 Raj 286

28

Article 253 reads that, ―Notwithstanding anything in the foregoing provisions of this Chapter, Parliament has the
power to make any law for the whole or any part of the territory of India for implementing any treaty, agreement or
convention with any other country or countries or any decision made at any international conference, association or
other body.‖ Further entry 13 of Union List reads that, ―Participation in international conference, association and
other bodies and implementing of decisions made thereat‖ and entry 14 provides that, ―Entering into treaties and
agreements with foreign countries and implementing of treaties, agreements and conventions with foreign
countries.‖
29

See, Schedule XII, item 8 (protection of environment and promotion of ecological aspects); item 2 (land use); 6
(public health). Also see, Schedule XI, item 3 (water management and watershed development); item 5 (fisheries);
and item 11 (drinking water).
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Statutory Safeguards
The Environment (Protection) Act, 1986, an umbrella legislation enacted with the object of protecting and
improving the environment and for the matters connected therewith. The preamble to the Act provides that it has
been enacted ‗to take appropriate steps for the protection and improvement of human environment etc.‘ The
provisions of the Act empower Central Government to take all such measures that ‗it deems necessary or expedient‘
for protecting and improving the quality of environment and for preventing, controlling, and abating environmental
pollution.30 In order to ensure environment protection, the Central Government has been empowered to constitute
authorities31 and officers;32 frame rules and issue notifications/directions. 33 In exercise of these powers various steps
have been taken by the Central Government by framing rules and issuing notifications which in fact are of immense
importance in prohibiting/restricting certain activities of industries, operations or processes etc. Such Rules and
notifications significant for the conservation of wetlands include: the Wetlands (Conservation and Management)
Rules, 2010; the Hazardous Waste (Management and Handling) Rules, 34 1989 as amended in 2000; the Municipal
Solid Waste (Management and Handling) Rules35 2000 etc. Further, the Coastal Zone Management Notification,
issued on 19th Feb 1991 (as amended from time to time), classifies coastal zones in four categories, CRZ I, II, III, &
IV and through this notification restriction has been imposed on industries, operations and processes in the Coastal
Regulation Zone. It includes the coastal stretches of seas, bays, estuaries, creeks, rivers and backwaters which are
influenced by tidal action upto 500 meters in the land ward side from the high tide line and the land between the low
tide line and high tide line.36 Other notification issued by the Central Government is the Environment Impact
Assessment Notification, 1992 (as amended in 2006).37

The Wetlands (Conservation and Management) Rules, 2010: A Critical Analysis
The above Rules have been notified by the Central Government in exercise of the powers conferred by section 25
read with sub-section (1) and clause (v) of sub-section (2) and sub-section (3) of section 3 of the Environment
Protection Act, 1986. The Preamble to the Rules explicitly acknowledges our commitment for the conservation and
wise-use of wetlands as a signatory to the Ramsar Convention. There are nine rules in all, wherein Rule 1 and 2 are
30

See, section 3 sub-section 1 of the Environment Protection Act, 1986.

31

Refer sub-section 3 of section of the Environment Protection Act, 1986.

32

For details, See, section 4 of the Environment Protection Act, 1986.

33

See, section(s) 5, 6, and 25 of the Environment Protection Act, 1986

34

These Rules direct the occupier generating hazardous wastes to take all practical steps to ensure that such wastes
are properly handled and disposed off without any adverse effect. Further the rules direct that hazardous waste shall
be collected, treated, stored, and disposed of only in such facilities as may be authorized for this purpose.
35

Rule 4 declares that every municipal authority shall be responsible for implementation of rules and infrastructure
development for collection, storage, segregation, transportation, processing and disposal of municipal solid waste.
36

S. Shanthakumar‘s, Introduction to Environmental Law, 2nd Ed, 2005, Wadhwa & Co. Nagpur pp. 185-186.

37

Id, at pp. 179-185
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general, i.e. provide for the title and commencement of the Rules and the definition clause. The definition of
wetlands given under Rule 2 reads as under:
“wetlands” means an area of marsh, fen, peat land or water; natural or artificial, permanent or
temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine water, the
depth of which at low tide does not exceed six meters and includes all inland waters such as lakes,
reservoir, tanks, backwaters, lagoon, creeks estuaries and manmade wetland and the zone of direct
influence on wetlands that is to say the drainage area or catchment region of the wetlands as determined
by the authority but does not include main river channels, paddy fields and the coastal wetland covered
under the notification of the Government of India in the Ministry of Environment and Forests, S.O. number
114 (E) dated 19th February 1991…”

38

The above definition of wetlands can be classified in two parts, i.e. (i) wetlands generally and is inclusionary in
nature, and (ii) is exclusionary. The first part is replica of wetlands defined under Article 1.1of the Ramsar
Convention and is almost similarly worded. Part II of the definition is exclusionary in nature and according to the
above definition wetland does not include main river channels, paddy fields, coastal wetlands such as mangrove,
marine algal beds, and coral reefs and other entities covered under the notification relating Coastal Regulation Zone.
The definition clause also defines ―National Park‖ 39 and ―wildlife sanctuary‖40 under clause (d) and (h) of Rule 2.
Rule 3 enlists protected wetlands based on the significance of the functions performed by the wetlands for overall
well being of the people. The wetlands that are protected under this Rule include: (i) wetlands categorized as Ramsar
wetlands of international importance;41 (ii) wetlands in areas that are ecologically sensitive and important; 42
(iii)wetlands as UNESCO world heritage sites; (iv) high altitude wetlands; (v) high altitude wetland complexes at or
above an elevation of two thousand five hundred metres with an area equal to or greater than five hectares; (vi)
wetland or wetland complexes below two thousand five hundred metres with an area equal to or greater than five
hundred metres; and (vii) any other wetland identified by the Central Wetland Regulatory Authority.

38

See, Rule 2 clause (g) of the Rules 2010.
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Clause (d) Rule 2. ―National Park‖ means an excavation activity or operation usually carried out at least partly
underwater, in shallow sea or fresh water areas with the purpose of gathering up bottom sediments and disposing
them off at a different location.
40

Clause (h) Rule 2. ―Wildlife sanctuary‖ means an area declared as a wildlife sanctuary under the provisions of
Chapter IV of the Wildlife (Protection) Act, 1972 and shall include an area deemed to be sanctuary under sub
section (4) of section 66 of the said Act.
41

There are 25 such wetlands enlisted in this category. For details, see, The Schedule to the Rules 2010.

42

Ecologically sensitive and important areas include national parks, marine parks, sanctuaries, reserved forests,
wildlife habitats, mangroves, corals, coral reefs, areas of outstanding natural beauty or historical or heritage areas
and the areas rich in genetic diversity.
40

Rule 4, titled as Restrictions on activities within wetlands may be divided in two categories, i.e. wetland areas where
activities are prohibited;43 and the areas wherein the activities are regulated. 44 Under the prohibited category, the
activities are categorically enlisted and they include: (i) reclamation of wetlands, (ii) setting up of new industries and
expansion of existing industries, (iii) manufacture, handling or storage or disposal of hazardous substances, (iv)
solid waste dumping, (v) discharge of untreated wastes and effluents from industries, cities or towns and other
human activities, (vii) any construction of a permanent nature, and any other activity likely to have an adverse
impact on the ecosystem of the wetlands. It may be pointed out here that in case of dumping of solid waste which
existed before the commencement of these Rules must be phased out within a period of not exceeding six months
and for discharge of untreated waste the period for phasing out such practice existing prior to these Rules is not
exceeding one year from the date of commencement of these Rules. Further the construction of permanent nature
within fifty metres from the high flood levels, observed in the past ten years, has been prohibited except for boat
jetties.
The Regulated Activities, given in sub rule (2) of Rule 4, are not to be undertaken without prior approval of the State
Government within the wetlands. Such activities include withdrawal of water or impoundment, diversion, or
interruption of water resources, harvesting of living/non living resources, grazing so that the basic nature and
character of biotic community is not adversely affected, treated effluent discharges, plying of motorized boat,
dredging only if the wetland is impacted by siltation, construction of boat jetties, activities within the zone of
influence, facilities required for temporary use, aquaculture, agriculture, and horticulture activities, repair of existing
building and infrastructure including reconstruction activities, and any other activity as identified by the Authority.
The above Rules seems to be appropriately crafted and drafted for ensuring effective conservation of the wetlands
but the rigorosity of the above Rules appears to be diluted under sub-rule 3. Sub rule 3 begins with a ‗non-obstante‘
clause which means nothing mentioned above in sub-rules (1) and (2) would affect the exercise of power vested in
sub-rule (3). It authorizes the Central Government to permit any of the prohibited activities or non-wetland use in
the protected wetlands on the recommendation of the Central Wetland Regulatory Authority established under these
Rules. This sub- rule read with sub-rule (5), although, puts an embargo on conversion of wetlands for non-wetland
use but it is left to the satisfaction of the Central Government on the recommendation of the Wetland Authority that
‗it is expedient in the public interest‘. Although the rules require that the reasons justifying the decision must be
recorded. Here it may be pointed out that the similar provisions have been made in the Forest Conservation Act,
1980 for using the protected forests for non forest purposes. 45 But our experience about the prevailing politics,
political will of the nation and policy and practice of appeasement of masses or interested/pressure groups should
not guide our action for conversion of wetlands for non-wetland use otherwise it may lead to victimization of
wetlands of the country. It is to say that such exercise must be undertaken very cautiously and judiciously to subserve the larger public interest.

43

See, clauses (i) to (vii) of sub rule (1) of rule 4 of the Rules, 2010.

44

See, clauses (i) to (xii) of sub-rule (2) of rule 4 of the Rules, 2010

45

See, section 3 of the Forest Conservation Act, 1980.
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Composition, Powers and Functions of the Wetland Authority
(a) Constitution and Composition
Rule 5 lays down the constitution, composition, powers and functions of the Central Wetlands Regulatory Authority.
This Authority is constituted in exercise of the powers conferred on the Central Government under section 3 subsection (3) of the Environment (Protection) Act, 1986. The Wetland Authority consists of the Secretary, Ministry of
Environment & Forests, Government of India as the Chairperson and the Director or Additional Director or Joint
Director dealing with wetlands in the Ministry of Environment & Forests will be the Member Secretary. Besides it
shall have Six ex-officio Members of other ministries viz. Tourism, Water Resources, Agriculture, Social Justice
(not below the rank of Joint Secretary) and the Chairman or his representative of the Central Pollution Control
Board. In addition to above ex-officio members, the Authority shall also have four expert members drawn from the
fields of Ornithology, Limnology, Ecology and Hydrology. Thus the Authority consists of total twelve members.46
The term of the Authority is three years as given in the sub-rule (2) of rule 5.

(b) Powers and Functions of the Authority
The powers and functions of the authority are enumerated under sub-rules (3) to (5) of the Rule 5. The powers
include:


To grant clearances or identify the areas for the grant of clearance for regulated activities in consultation
with the local state government;



To determine the zone of direct influence of the wetlands in consultation with the local authority;



Issue directions necessary for the conservation, preservation and wise-use of wetlands to the State
Governments.

Here it may be noted that these Rules have the similar effect as the provisions of the Environment (Protection) Act,
1986 and any defiance/violation/non-adherence would make it an offence and entail penalty given under sections 15
to 17 of the Environment (Protection) Act, 1986.
The functions of the Authority include:


To appraise proposals for identification of new wetlands, projects or activities in consultation with local
authority;



Identify and interface with the concerned local authorities to enforce provisions of these rules and other
laws in force;



To make periodical review of the list of wetlands and the details of prohibited and regulated activities under
these rules; and
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To specify the threshold levels for activities to be regulated and the mode and methodology for undertaking
activities in wetlands.

The process for identification of wetlands has been enumerated under Rule 6. Sub-rule (1) provides that ‗the
wetlands covered under item (i) of rule 3 specified under Schedule shall be the wetland to be regulated under these
rules. For identification and classification of wetlands, the State Government is to prepare a ‗Brief Document‘ in
accordance with the criteria specified under Rule 3 within a period of one year and to submit the same to the
Wetland Authority.47 Under sub-rule (3) the ‗Brief Document‘ so prepared by the State Government under above
sub-rule must contain the information given in clauses (i) to (iv) which include: broad geographic delineation of the
wetlands; its zone of influence along with a map; size of the wetland; and account of pre-existing rights and
privileges, consistent or not consistent with the ecological health of the wetland. The Wetland Authority, on receipt
of this ‗Brief Document‘, may refer it to a research institute or university having multi-disciplinary expertise related
to wetlands to conduct a comprehensive survey of the wetland. This may be done by the Wetland Authority in
consultation with the State Government within a period of thirty days. The institute/university to which the matter
has been referred will have to submit a report within next ninety days from the date of such reference to the
Authority.48 Under sub-rule (5), the Authority shall take a decision on the proposal, in consultation with the State
Government, within a period of ninety days from the date of receipt of the report.
Thereafter, the Central Government on receipt of the recommendation of the Wetland Authority shall notify the area
of wetlands for public information inviting objections and suggestions from the general public likely to be affected
which may make their representation to the Central Government within a period of sixty days. Such representations
are to be considered by the Wetland Authority and submit its recommendation on such representation(s) to the
Central Government within sixty days for final notification. 49 Here it seems that the Rules are silent about further
submission of representations so received by the Central Government to the Authority and the time-line thereof.
Thereafter, the Central Government shall issue notification relating the area of wetland, its category or classification
in English and vernacular languages. The Wetland Authority has been given power to review any decision under
these rules or issue direction for inclusion of wetland either suo motu, i.e. on its own or on an application.

Miscellaneous Provisions
The miscellaneous provisions relating the conservation and management of wetlands are given under Rules 7 to 9.
Rule 7 titled as overlapping provisions may be seen as a saving clause for application of other laws in force relevant
and related to the wetlands. sub –rule (1) provides that ‗the wetlands situated within the protected areas of the
National Parks and Wildlife Sanctuaries shall be regulated by the provisions of the Wildlife Protection Act, 1972‘
and those situated ‗within the protected or notified forest areas‘ shall be regulated by the provisions of the Indian
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Forests Act, 1927, the Forest Conservation Act, 1980 and the Environment (Protection) Act, 1986. However, in case
the regulation of ‗wetlands not covered under any of the above Acts‘, the provisions of the Environment (Protection)
Act, 1986 are to be invoked.50 Rule 8 recognizes the Departments for regulating the identified activities for
management and wise-use of wetlands situated within the protected or notified forest areas shall be regulated by the
Forest Department of the concerned State or outside of it by the nodal Department or the relevant local state
agencies to be designated by the State Government within six months from the date of commencement of these
rules. Aggrieved persons may prefer an appeal against the decision of the Wetland Authority to the National Green
Tribunal within a period of sixty days from the date of decision. Delay in filing appeal may be condoned by the
National Green Tribunal, if it has been sufficiently/satisfactorily explained by the aggrieved party. 51 This is a
discretion vested with the Tribunal to condone or refuse condonation of delay.

Safeguards for Wetlands in Other Statutes
In addition to the Environment (Protection) Act, 1986 and the rules framed and notified by the Ministry of
Environment and Forests including the Wetland Rules 2010, other statutes relevant for conservation of wetlands
include the Wildlife (Protection) Act, 1972, the Indian Forests Act, 1927, the Forest Conservation Act, 1980 and the
Water (Prevention and Control of Pollution) Act, 1974. The relevant provisions of these Acts are discussed here-inunder:

(a) The Wildlife Protection Act, 1972
The above Act was enacted solely with the aim of protecting wildlife, birds, and plants and for the matters connected
thereto or ancillary or incidental thereto with a view to ensure the ecological and environmental security. 52 It extends
to all the States in India except the state of Jammu & Kashmir. It provides for the establishment of sanctuaries 53 and
National parks54 and thus offers protection to wetlands falling within protected or notified forest areas. As per the
Wetland Rules 2010, the activities within these areas are to be regulated under the provisions of this Act. 55 This law
places a strict ban on grazing within a National park and hence prohibits the human impact and influences on the
wetland ecosystem once this is declared as a National park. This restriction in national parks, which are zones of
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highest protection in protected area categories, makes wise use of the wetland virtually impossible. Further
designation of the protected area as a National park leading to denial of access to the local inhabitants so far as their
grazing rights and fuel-food collection from the area of wetland situated within the designated national park. This
may lead to conflict between the park management and local people whose traditional and evidently sustainable
relationship with the wetland has been disrupted.56

(b) The Forest Laws and Wetland Conservation
As given under rule 7(2) of the Wetland Rules, 2010 that the wetlands within the protected or notified forest areas
shall be regulated by the provisions of the Indian Forests Act, 1927 and the Forest Conservation Act, 1980, it
becomes imperative to look at the relevant provisions of these Act(s). The Indian Forests Act, 1927 provides for the
establishment of independent machinery, i.e. the Department and its officials, the wetlands conservation may get a
fragmented treatment or a deferred priority. However, the Forest Conservation Act, 1980 prohibits use of forest land
for non-forest purposes57 and it works on license-permit system, i.e. such activities may be undertaken with prior
approval of the Central Government which works on the recommendation of the Advisory Committee. 58 Whether
the Advisory Committee shall adequately keep in mind the likely impact of the activities recommended for the
approval of the Central Government on the wetlands and its conservation or not need be carefully considered?

(c) The Water (Prevention and Control of Pollution) Act, 1974
The above Act makes certain provisions relevant for ensuring wetland conservation more effective. The main aim
and object of the Water Act, 1974 is „to maintain or restore the wholesomeness of water and to prevent, control and
abate water pollution‟. It establishes the Pollution Control Boards59 and Joint Boards and enumerates their
functions. Section 24 of the Act empowers the pollution control board to prohibit use of streams which includes
rivers, watercourse, inland water, subterranean water, sea or tidal or well for disposal of polluting matters otherwise
than in accordance with the standards laid down by the Board.60 Further section 25 of the Act imposes restriction on
use of new outlets and new discharges as it provides that if a person establishes an industry, process or operation or
any treatment and disposal system likely to discharge sewage or trade effluent into a stream or well or sewer or on
land, he must obtain prior consent of the State Board. The Board is also empowered to review the conditions
imposed while granting consent from time to time and may also revoke or modify them61 besides having the power
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to carry out emergency operations in case of pollution of water as given under section 32 of the Water Act, 1974. It
may be pointed out here that violation of any directions/orders/ notifications are considered to be offences under the
Act and lead to penal consequences.

Recent Judicial Trends in Conservation of Lakes and Wetlands
The Indian judiciary has played an activist role, adopted enviro-friendly approaches and contributed immensely for
protection and improvement of environment including safeguarding the forests, lakes, wetlands and other species.
Some of the important decisions of the hon‘ble apex court dealing with wetland justice are briefly discussed here. In
M.C. Mehta v. Union of India,62 case the attention of the court was drawn to order prohibition on mining operations
within five kilometer radius of Surajkund and Badkhal lake in the State of Haryana. It was argued on behalf of the
builder that the construction could be banned at the most within 200 to 500 metres in view of the directions issued
by Government of India under the Environment (Protection) Act, 1986. The court did not agree with the argument
and held that the functioning of ecosystems and the status of environment cannot be the same in the country.
Preventive measures have to be taken keeping in view the carrying capacity of the ecosystem operating in the
environment surroundings under consideration. It accordingly directed that ―no construction of any type shall be
permitted now onwards within five kilometer radius of the Surajkund and Badkhal lake. All open areas shall be
converted into green belts.‖ The court further directed that a small area may be permitted, if it is of utmost necessity,
for recreational and tourism purposes. This endevour of the Court has achieved several milestones since then. In
Subhash Kumar v. State of Bihar63, the Supreme Court held that ‗right of enjoyment of pollution-free water and air
for full enjoyment of life is a part of right to life guaranteed under Article 21 of the Constitution. In Vellore Citizen‟s
Welfare Forum case64 wherein it was alleged that the tanneries in Tamil Nadu are discharging untreated effluents
into Palar river which not only contaminated drinking water but due to highly toxic nature of effluents it rendered
the land of the area unfit for cultivation. The Supreme Court came down heavily both on the polluters and the
Government by imposing fine on all polluters and directing the Central Government to constitute an Authority under
section 3(3) of the Environment (Protection) Act, 1986. It further directed that the Authority so constituted shall
implement the ―precautionary principle‖ and the ―polluter pays principle‖. The Authority was further directed ‗to
determine and award compensation and to recover compensation for loss of ecology of the area and frame a scheme
to reverse the degraded ecology of the area.‘

(Emphasis Supplied)
In shrimp culture case,65 the petitioner had drawn the attention of the Supreme Court on growing shrimp culture
farm on sea coast and sought the direction of the court for effective implementation of Coastal Zone Regulations. It
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was stated that the Tamil Nadu part of the Pulicat lake is ecologically important since it has the only opening of the
lake into the sea thus functions as the migratory route of these spawn animals like prawns, fish and mud crabs. The
mud flats of Pulicat lake harbors a number of winter migratory birds. It was further noted that the water fowl
sanctuary at Pulicat is slowly being destroyed and also that Prawn farms are located all around the wetland. In the
northern region of the lake prawn farms are situated even in the lake-bed. It was declared by the Supreme Court that
setting up of modern shrimp aquaculture farms, right on sea-coast and construction of ponds and other infrastructure
thereon is per-se hazardous and is bound to degrade marine ecology, coastal environment and aesthetic uses of sea
coast. Accordingly the court ordered them to be closed. In yet another writ petition 66 under Article 32 of the
Constitution of India relating to conservation of wetlands in the country for preservation of the environment and
maintaining the ecology, the Court suo motu expanded its scope so as to include the problem of acute water shortage
in our country. The main reasons for that, according to court, was that most of the water conservation bodies in our
country such as ponds, tanks, small lakes etc. have been filled up in recent times by some greedy persons and such
persons have constructed buildings, shops etc. on the same. The court reiterated the wisdom of our ancestors and our
ancient environmental ethics by observing that,
“Our ancestors were wise people who realized that because of droughts or some other reasons there may be
shortage of water in future and hence they made the provision of a pond near every village, tanks in or near temples,
etc.... The whole idea behind this was that whenever there is a shortage of water due to drought etc., people may not
suffer and they may use the water available in ponds, tanks etc. Unfortunately, people have forgotten the wisdom of
our ancestors and that is why some greedy people for their personal interest and to make money have filled up most
of these ponds, tanks etc. and have constructed buildings thereon with the result that in most parts of India, there is
a terrible water shortage and people are suffering terribly, particularly, in the summer season both in rural and
urban areas. When water is not available, people come to the streets and there are chakka jams (road blocks), riots
etc. to awaken the government authorities to take some measures to make available the necessity of life to the
general public called water.‖
It further held that material resources of the community like forests, tanks, ponds, hillock, mountain etc. are nature‘s
bounty. They maintain delicate ecological balance. They need to be protected for a proper and a healthy
environment which enable people to enjoy a quality life which is the essence of the right guaranteed under Article
21 of the Indian Constitution. Consequently, the occupants were ordered to vacate the land within six months from
the date of decision.
In Vaamika Island (Green Lagoon Resort) case67, the Vembnad Lake, declared as a Ramsar site in 2002 and a
Critically Vulnerable Coastal Area (CVCA), situated in the state of Kerela, is the second largest wetlands in India. It
was reported to be undergoing severe environmental degradation due to increased human interventions through
developmental activities. The lake supports exceptionally large biological diversity and also plays an important role
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in the ecology and economy of the State. It has immense conservation importance as it supports a large aquatic
biodiversity and the most important migrating bird‘s habitat of the fin, shell-fish and a nursery of several species of
aquatic life. It was alleged that there is shrinkage of lake as a result of land reclamation to the extent of 5.21 acres. It
was found by the High Court that the petitioner had effected the construction in violation of the provisions of CRZ
Notifications 1991 and 2011 and accordingly directed them to be removed. These directions were upheld by the
Supreme Court.
In yet another case68, the Punjab State Government, acquired hilly area measuring 6172.09 acres of Sukhna lake
catchment for carrying out soil conservation works so as to reduce the silt in-flow into the lake. The land proposed
to be acquired falls in the ecologically fragile green belt along the Sukhna lake However, the area so acquired was
later converted for urbanization and other developmental activities. It was pointed out that, if permitted, it would
lead to degradation of habitat and disturb migratory birds which come every year to Sukhna lake. It was also stated
by the petitioners that permitting urbanization next to Sukhna lake is likely to be a death knell for the precious
wildlife. It was held by the apex court that the purpose specified in the notifications issued was not a bona fide
public purpose and that in the garb of acquiring land for IT Park etc., the Chandigarh Administration wanted to
favour the private developers. The Supreme Court quashed the notifications and upheld the appeal.

The Emerging Scenario and Way Ahead: The Findings and Conclusions
On a detailed scrutiny of international law developments on wetlands‘ conservation and management, it is noted that
the international community has seriously engaged itself in the quest to protect, conserve and manage the wetlands.
The Ramsar Convention (1971) has been refined from time to time through the Conference of Parties and the gaps
that were noted have been filled by defining some of the terms like, wise-use, sustainable utilization and the natural
properties of the ecosystem of wetlands. Looking to the national character of wetlands, the Convention has
adequately justified the international commitment and laid down measures for conservation and management of
wetlands.
At the domestic front, the Constitution of India did include several provisions to ensure conservation of wetlands
and lakes by the State and Union government. This has further been strengthened by the Constitution (Forty-second
Amendment) Act, 1976 which introduced the state obligation under Article 48-A and a fundamental duty on the
citizens under Article 51-A (g) besides redefining the legislative competence by shifting some of the relevant
legislative heads from List II to List III of the Seventh Schedule. Further grass root democracy has been introduced
by the Constitution (73rd & 74th Amendment) Act, 1991 and the units of local self government have been assigned
the duty to engage themselves in this conservation and management drive of lakes and wetlands.
It is noted that the existing statutory framework has been amended, modified, re-vamped with a view to ensure
better protection and management of wetlands. The Rules framed and Notifications issued by the Central
Government are quite effective in achieving the goals, if implemented in letters and spirit. The Wetland
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(Conservation and Management) Rules, 2010, a fairly younger in the armory of statutory framework, have been
added to ensure effective and efficient conservation and management of wetlands. However, multiple institutions
and authorities continue to dominate. Looking to the composition of the Regulatory Authority, it sounds that
wetlands would definitely be better regulated and managed but they should become a prey to complacency, lack of
commitment and priorities of different Departments/Officials will have be taken care of. The time-lines have been
given in the Rules for identification of wetlands but meeting them may be an onerous task. The Rules provide for
prohibition of activities and regulation of certain activities but the Central Government has been vested with the
powers to permit any prohibited activity or non-wetland use of the wetlands. Although it may be argued that
adequate safeguards have been provided in the Rules , i.e. on the basis of recommendation by the Regulatory
Authority which is required to give reasons justifying such activity yet the power has to be exercised cautiously,
carefully and judiciously keeping in mind the pre-dominant purpose of protection and conservation of lakes and
wetlands and also keeping in mind that they provide habitat and life support for several species besides being
valuable to the human welfare. Further, the Wetland Rules, 2010 are silent about penalties, but it does not mean that
violation of directions, orders, notifications and the Rules will not invite punishment. The violators shall be punished
under the Environment (Protection) Act, 1986, the penalty under which is imprisonment which extends up to seven
years. Other statutes also continue to remain relevant which is also clearly manifested from the Rule 7 of the
Wetland Rules, 2010.
So far as judiciary is concerned, it has excessively engaged itself in ensuring environment protection and
conservation of natural resources, as is reflected from the decisions mentioned above. The National Green Tribunal
is one such attempt to ensure speedy environmental justice. Also, as given under Rule 9 of the Wetland Rules, 2010,
the appeals against the decisions of the government would lie before the National Green Tribunal which will ensure
better justice to wetlands, as and when required.
Thus it may be concluded that it is necessary to take up wetland conservation on the lines of wise-use as suggested
in the Ramsar Convention. Emphasis must be given to the precautionary and preventive approach rather than
curative through polluter pays principle. The concerned officials and different stake-holders must be appraised about
the significance of wetland conservation through education & awareness campaigns and refresher training
programmes. Also mass campaign for sensitizing the citizens must be undertaken so as to empower them to
discharge their fundamental duty enshrined under Article 51-A (g). Last but not the least it may be said mere
enactment of a law or framing and notifying rules/regulations is not a panacea because had it been so, looking to the
laws that we have in our country, there would have been best governance generally and environmental good
governance in particular. Therefore it is suggested that an empirical study on the impact and effectiveness of the
Wetland Rules, 2010 may be made from socio-economic and legal dimensions of wetland conservation and
management.
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Urban lake conservation for building Climate Change Resilience
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Abstract
Climate change, rapid urbanization and expansion of cities with inadequate basic services leads to degradation of
local resources especially water bodies. Lakes / Ponds are one of these resources which used to be vital for the
community and managed by them. The city of Indore has over 20 seasonal and perennial manmade Lakes/Ponds
within the city planning area. Most of the lakes in the semiarid upper catchments are seasonal and the urbanization
in the catchment results in inflow of sewage and dumping of solid wastes. With urban lakes dying by these changes
and causing foul smell and mosquito menace, the local communities often demand for filling up the lake. On the
other hand, a well conserved lake can be a valuable ecological asset for the neighborhood as well as provide
livelihoods to fishermen as well as recreation. Conservation would require maintaining water quality through
catchment treatment as well as managing solid wastes.
Khajrana Talab in Indore city exemplifies the impact of urbanization and it also provides opportunities for revival of
this lake. Catchment of the Talab has dense settlement with about 85% paved area. The increase in paved area
results in flash flooding in catchment and also in downstream area. The lake is polluted and perennial due to open
sewage inflow results in increasing of burden of nutrients. Reduction of storm water inflow due to diversion and
increase in nutrient concentration has led to enveloping by water hyacinth, which can especially be seen after the
rainy season in 2013. The time series analysis of the Google Earth imagery shows that the water hyacinth spreading
is seen since 2007.
The Indore Municipal Corporation has taken up Lake Beautification project, but the need of the hour is to ensure
regular inflow from sewage treatment and managing water quality. During last few years, the construction of a road
has resulted in reduction of storm water input, while the sewerage has been laid on one part of the catchment to
divert the waste water. These two changes seem to have increased the nutrient levels resulting in water hyacinth
bloom covering whole lake in 2013.
The hydrological model results indicate that there is a need of re-diversion of storm water into the lake as well as to
allow regular inflow in to the lake throughout the year. Availability of sewage inflow provides an opportunity to
treat the sewage water through various low energy technical options. The improvement in water quality of lake after
sewage treatment can make this lake available for low end use. The sustainable management of lake will be possible
only through participatory approach of catchment communities. The study highlights the necessity to develop a
sustainable model based on the multi stakeholder engagement.

Keywords: urbanization, catchment, sewage, water quality, opportunity, sustainable, stakeholders.
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Introduction
Lakes and water bodies are important components of urban ecosystems. Though some of them relatively small in
size, they perform significant environmental, social and economic functions, ranging from being a source of water,
recharging groundwater, flood buffers, bio- diversity habitats, livelihoods and recreation. Most of the urban lakes in
India are man-made, and were built for providing water for irrigation and domestic uses.
With urban sprawls growing without basic infrastructure of water supply, sewerage and solid waste disposal, the
lakes and water bodies face increased inflow of storm water, sewage and become de-facto solid waste dumping
grounds. Eutrophication, fish kills, foul smell, mosquito menace in the neighborhood as well as increased real estate
value of land leads to encroachment and popular demands for filling them up. This process has resulted in filling of
many lakes and water bodies in many Indian cities during latter parts of Last Century. The urban lakes, which can
potentially become an asset, instead end up as major problems due to flooding and nuisance of foul smell and
mosquitoes.
Climate change can impact the lakes in different ways. The rise in temperature can lead increased evaporation and
seasonal drying up. Increase in extreme precipitation events would lead to flooding and water logging. Flooding,
combined with sewer system overflows and other problems stemming from inadequate sanitation infrastructure, can
lead to disease outbreaks from water-borne diseases. It is necessary to understand these combined impacts of
urbanization and climate change before designing interventions to conserve urban lakes.
Although there have been various efforts for urban lake conservation, an integrated approach has not yet emerged in
the context of lake restoration.
There is an urgent need to study the catchments and lakes in the context of urban water system before conservation
efforts are taken up. Lake conservation should be informed by the ecological services that they can offer. Catchment
resident groups, water users downstream, urban local bodies as well as the private sector can be engaged to conserve
the lakes by developing stakes for conservation. The lake conservation can be enclosed under Integrated Urban
Water Management framework.
Asian Cities Climate Change Resilience Network has been engaged in conservation of few lakes in Indore, which
has been recommended in City Resilience Strategy of Indore. This project aims to develop a framework for situation
analysis, develop options and engage multiple stakeholders to conserve the urban lakes.

LAKES OF INDORE
History of lakes
The city of Indore has over 22 seasonal and perennial water bodies within the planning area. All of them are
manmade lakes built over centuries. While large lakes like Yeshawant Sagar,Bilawali Tank and Sirpur tank were
built for water supply to the city, the lakes in the neighborhood were built for meeting irrigation and domestic water
needs for the neighboring villages. Once dependent on the Bilawali and Limbodi water tanks as well as Yeshwant
Sagar dam, Indore city is now heavily dependent on the Narmada River (70 km away) for its water supply. Any
break in the pipeline or interruption in power supply deprives Indore of its water supply, which is a real threat to
total reliance on distant sources.
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Since Narmada water supply, lakes lost their importance. Despite of Narmada supply, city is heavily dependent on
the ground water resulting in over exploitation as well as deteriorated water quality. The responsibility of lake
management is shared between IMC within municipal limits and by village Panchayats in peripheral areas.

Current situation
There are over 42 water bodies marked from Google Earth Imagery in Indore city and neighborhood. The size of the
water bodies is provided in the following Table. Only 6 lakes are located within the municipal limits.
Table 1: Estimated areas of water bodies
Area (Ha)

No. of Water bodies

<1

12

1to5

14

5 to10

6

10to50

6

50to100

2

100to< 300

2

Total

42

Source: TARU Analysis, 2013

URBAN GROWTH IMPACTS CASE OF KHAJRANA
Only central part of Indore City is covered by the sewerage, rest of the sewage flows through the natural drains and
flows in to the lakes. Solid waste collection system is also weak and some of the households throw the garbage in to
the open spaces drains and lakes nearby. ACCCRN team studied Khajrana Lake located within the IMC limits and
Lasudia Mori Lake in the outskirts.
Khajrana Lake has an area of about 2.45 ha. The lake volume was calculated by using Sonar depth measurement.
Maximum storage volume of about 35,000 cum. Khajrana Lake‘s catchment is about 43 ha with about 29 ha of
building foot print area. Most of the houses are single storied or mixed type with ground floor used as shops and
working places. With a population of about 20,000 people, it has population density of 450 persons per hectare,
which is very high when compared to Indore density (37 persons per hectare). The catchment faces frequent floods
during heavy rains and also water logging in parts of the catchment.
Water inflow to the Lake
Indore gets an average rainfall of 922 mm. During the average rainfall year, the runoff is about 0.266 million cum.,
mostly during the monsoon.
The total sewage generation is of the order of about 1300 cum per day, but only about 140 cum/day flows directly in
to the lake. Rest is disposed in to septic tanks and newly constructed sewerage system. The annual evaporation loss
was estimated at 45,000 cum/year.
A excel based water balance model was created to develop scenarios of water storage. The model includes inflow
from storm water and sewage and losses due to percolation, evaporation and overflow. The results of normal rainfall
scenario with observed sewage input and normal rainfall with no sewage input is provided in the Figure 1. The
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above analysis indicates that diversion of sewage through sewerage network can cause drying up of the lake during
peak summers.
Figure 1: Water storage in Khajrana Lake across months (Normal rainfall)

The IMC has been laying a sewerage system to intercept the sewage from most part of the catchment. This can result
in drying up of the lake during summers, and therefore may not be available for recreation activities during
summers.

Pollution impacts
Sewage inflow has been increasing over years and water hyacinth is increasingly becoming a menace. The study of
Google Earth imagery from 2007 shows that the water hyacinth area on the lake surface is expanding over years as
shown in the Figure 2.
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Figure 2: Water Hyacinth issue: Time series Google Earth imagery

Source: Google Earth
Possible interventions
As reported earlier, perennial inflow of water is necessary to prevent drying of the lake during summers. This is
expected in this small lake located in semi-arid tropical region, with low rainfall combined with high evaporation.
Similar sized lakes in the rural neighborhood mostly dry in summers. To conserve this lake to provide recreation
facilities, it is essential to provide year round water inflow to supplement the storm water inflow during rainy
seasons. On discussions with IMC it was decided that a manhole would be provided to intercept about 100 cum/day
of sewage to treat through low cost treatment systems, in order to conserve the lake.
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A low cost, low energy sewage treatment system would augment water inflow in to the lake, especially during the
non-monsoon months. The capacity of the plant was decided based on the model results.
The lake water quality needs to be maintained so that it can potentially serve low end water uses like fishing and
recreation on one hand and to avoid foul smells as well as mosquito menace. Biological treatment is the best option
possible and a variety of readily available options are being experimented. It is necessary to monitor the lake water
quality and the ACCCRN project is working with the local academic institutions to develop easily identifiable water
quality indicators.
ISSUES OF URBAN LAKE CONSERVATION
While the Municipal agencies can invest on capital costs of lake conservation, continued monitoring and
maintenance is required to ensure lake water quality as well as hygienic neighborhood. Some part of the
maintenance costs can be borne by user fee for recreational uses, it may not be financially viable at least during
initial stages.
Currently no community efforts are being done to conserve urban lakes, while a variety of users including
fishermen, local households and religious places use the lake. Forming and sustaining user/maintenance groups is a
major challenge.
OPPORTUNITIES


Urban lake conservation is slowly getting in to the urban development debate. A few examples are reported
from Orissa, Karnataka and Andhra Pradesh. New urban lake conservation groups have been formed in
some of the cities (e.g. Save our Lakes, SOUL of Hyderabad).



With climate change impacting the cities resulting from higher evaporation, high variability in precipitation
and growing competition on energy and water sources, local sources can provide more reliable low cost
options for meeting some of the uses and also serve as emergency sources. This opportunity can only be
tapped by conserving lakes.



Involvement of local stakeholders as well as the private sector can significantly reduce the costs of
managing the lake. To this end, it is necessary to build awareness about benefits of conservation, involve
them in decision making as well as prevention of misuse. Most of the lakes have religious places on the
banks and they are being maintained by the local groups. Creating awareness building stakes among them
is also critical. Under ACCCRN Lake Conservation Project, attempts are being done to identify different
groups and to engage them.



The urban renewal programme is an opportunity for conserving lakes. As the real estate developers are also
increasingly realizing the potential for higher property values of lake side development. Building stakes
among them along with the resident welfare associations is still an untapped opportunity.



Several new biological treatment options are emerging. As the urban lakes would be facing pollution
challenges, these technologies can offer solutions, but they would also require continued maintenance and
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monitoring.


Simple lake models can be developed to assess impacts of urbanization and climate change. These models
can inform interventions and avoid maladaptation, while investments are done for lake development.



The lakes can provide emergency water supplies with the ready availability of household water treatment
systems in most middle and upper class households. During normal periods, lakes can meet some of the
low quality end uses.

56

Ecological Audit for the Performance Evaluation of Ecological Restoration
Projects
Sandeep Joshi
Shrishti Environment and Sustainability Society (SESS),
B-106, Devgiri, Opp. P. L. Deshpande Garden,
Ganesh Mala, Sinhagad Road,
Pune – 411 030. INDIA.
Mail: sess.culture@gmail.com

Abstract
Ecological restoration projects to improve lentic-lotic water systems are to be judged by their actual performance.
The rational approach is to undertake field studies to evaluate the changes in the chemistry, microbiology and
ecology of the water body to ascertain the performance of the restoration project. Ecological audit involves the
spatial and temporal assessment of critical parameters to estimate the status of ecological health of the water body. It
intends to study the morph metrical, morphological features, hydrological factors, nutrient and pollution loads,
sediment loads, eco-pulse continuum along the water body, riparian ecosystem and climatic factors. A
comprehensive ecological quality index (EQI) is a scientific tool to appraise interactions and interrelationships of
various biotic and abiotic factors for the sustainability of the aquatic ecosystem. Ecological audit is useful in helping
the water managers and decision makers to moderate the outcomes as desired through reviews and corrective preventive actions.

Introduction
Most of the world‘s lentic-lotic water systems are affected by a number of in-stream, riparian and catchment hydromodifications or socio-cultural-economic practices. This results in loss of water quality, biological functionality and
ecological values suitable for the survival of life. Measuring ecological health of water body is necessary to
appreciate changing perceptions of the values and appropriate uses of aquatic systems. Since antiquity, the principal
uses of aquatic systems have been drinking water, irrigation water, navigation, recreation and waste disposal. These
uses are of high social and economic value. But now, the cost of water infrastructure is increasing continuously due
to changes in physico-chemical-biological-ecological-hydrological parameters of water systems. Therefore,
restoration of water bodies has become inevitable for human survival.
Significant lentic-lotic system stresses include encroachment, nutrient enrichment and pollution discharges from
domestic, industrial and modern agricultural practices, increasing salinity, organic pollution, pesticides, sediment
loading, water extraction, flow controls, and loss of riparian vegetation. Ecological health of freshwater aquatic
system is a crucial, fundamental concern in land and water management is consequently essential for regional and
national sustainability. Therefore aptly planned ecological restoration of lentic-lotic system needs a regular audit of
ecological status, health of the water bodies to evaluate the performance of the interventions taken. Such audit assessment requires a reliable, dependable, scientifically valid methodology based on standardised protocols of field
studies of ecological, physicochemical and hydrological parameters.
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The term 'ecological health' is a practical, perceptible, measurable, usable, and serviceable concept. It can be
described as the mean degree of similarity of an un-impacted to impacted stretch of the same water body,
particularly in terms of its self-purification capacity, carrying capacity, chemistry, biological diversity, microcosms,
ecological functioning and productivity. In fact, this is analogous to a general assessment of human health having
the advantage of a verifiable, regionally relevant scale.

Sustainable Management of Water Systems
In the ecological framework, water bodies have four major management needs 

protecting and conserving the lentic-lotic system for regional growth and sustainability



protecting endangered species and ecosystems of high conservation value



planning and regulating new developments in the catchment which might affect water bodies; and



Restoration of degraded water bodies to acceptable levels of ecological health.

Ecological audit is very significant tool to –


provide feedback, pointers and opinions to water managers, stakeholders of governance, and community
groups on the current and changing status of ecological health of the water body under restoration
programme



identify, predict, document and analyze diagnostically specific impacts and their causes or sources and



Demonstrate the effectiveness of management plans and restorative actions aimed at improving the quality
of water body.

Ecological Health Assessment Techniques
Assessing the condition of water bodies has a long and varied history with two principal approaches - physicochemical sampling monitoring and qualitative descriptions. These approaches are partial in providing a consistent
and comprehensive assessment of eco-pulse continuum – the changing pattern of biological communities, ecological
productivity of the water body in time and space. Besides, they have been found inadequate in assessing the impacts
of various in-stream and catchment practices on river ecosystems that can also be perceived by the dependent
community. Preoccupation and regulatory obsession with chemical water quality (Harris 1995) has largely
overlooked structural, morphometrical impacts which lead to alterations to water flow and collection regimes, loss
of habitat area and diversity, obstructions to passage through streams and degradation of riparian corridors.
Integration of regionally referenced physical, chemical and biological measures including microorganisms, algae,
macrophytes and macro-invertebrates is needed to provide comprehensive, sensitive assessment. Each biological
group or community reflects environmental stresses. They have the potential to provide integrated information of
responses to a number of stresses and corrective measures over different time-scales in a sequential manner. The
growing demand for direct measures of ecosystem health is compelling to follow more cost-effective improved
standardised protocols of rapid bio-assessment techniques which demand the enhancement of culture, skills and
knowledge bases of water managers.
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A standard ecological assessment protocol should consider following points –


micro-habitats, niches and microcosms



identification of reference (least impacted or natural) sites



number and density of reference sites



sampling areas, intensity and frequency; sampling devices and techniques



proportion of sample examined



laboratory analysis versus field observations



databases, quality control and assurance



diagnostic analysis with model development, testing, prediction and outputs

Significant environmental factors are to be integrated with observations and analysis to evolve spatio-temporal ecoscale of health of water bodies considering rainfall, temperature, flow variability, human interference and
intervention, and resilience of ecosystem.

Analysis of Microorganisms
Advances in aquatic microbial ecology are providing a range of new methods like qualitative and quantitative
estimation of pathogens, polymer chain reactions (PCR) most of them based on on molecular biology techniques.
The microbial monitoring is advantageous because 

easy to quantify due to its large numbers



rapid growth and quick response to ecosystem changes



bio-indicators environmental stress due to sewage and industrial pollution

Phytoplankton and zooplankton studies
A great variety of phytoplankton and zooplankton methods are available for rivers and lakes‘ ecological assessment.
These techniques are useful because –


they are important component of the aquatic ecosystem



they can indicate varying degrees of oligotrophic and eutrophic conditions of water body



varying degree of sensitivity to toxic materials, hence enhancing range of bioassays

The ecological assessment protocol can establish a common procedure for sampling, preservation, transport,
concentration, identification, counting, data recording, and determination of biomass.
Diatoms - microalgae possess many attributes suitable for assessment 

abundant distribution not highly habitat-dependent; easily sampled and preserved



well documented taxonomy



sensitive to changes in water chemistry having well defined ecological optima and tolerances

59

Analysis of Macrophytes
Ecology of aquatic macrophytes in water bodies is useful in interpreting specifically the absence or variations at
different time-scales, role of species in food chain, and species response to water and sediment quality.


direct measure of ecological health; and



An early warning of environmental stress (changes in rates of metabolism may occur before compositional
changes in the aquatic community).

Analysis of fish species
Fish species and population can be one of the powerful tools for assessing aquatic environmental health. Key
attributes can be 

sensitive to anthropogenic pressures and disturbances



integration of ecosystem processes and impacts being the important food for omnivorous humans



migration and longevity over large spatial and temporal scales



life-history, acute and chronic impacts detectable and



Rapid evaluation of biological integrity of aquatic ecosystems.

Ecological Quality Index: Standardized Method for Judging the Ecological Health of
Rivers and Lakes
Various methods have been employed for the classification of rivers and lakes on the basis of their trophic (Greek
trophe – food or feeding) status. The most commonly and widely used method is based on productivity, and the
frequently used biomass related Carlson trophic state index. A Trophic State Index (TSI) condenses large amounts
of data into a single, numerical index. GIS technique can be used to synthesize information from the trophic state
parameter for spatial distribution of eutrophic conditions. There are many diversity and physico-chemical water
quality indices which can be applied to describe toxic or physical pollution. These indices denote the stress on the
aquatic systems. Diversity in the aquatic system is an expression of disturbance or stress. There was need of
combining the status indicators and stress parameters to evolve a very simple numerical value which can describe
the healthiness of water body. Ecological quality index (EQI) is a combination of Water Quality Index (WQI),
Carlson‘s Trophic State Index (C.TSI), and Simpson‘s Index of Diversity (SID) with net dissolved oxygen in the
water body. It can be numerically expressed from 1 (poor ecological health) to 50 (excellent ecological health).
Stable aquatic ecosystems are generally characterized by high species diversity, with each species represented by
relatively few individuals (Salaskar, Pramod et al, 2013)

Approach for ecological audit
1.

Primary data collection of field observations of variables (e.g. counts, measurements), individual samples shall
be validated by quality control statistical evaluations.
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2.

Matrices and models derived from the primary data characterize the disparity between the real time
observations and its estimated values under reference condition.

3.

Indicators and bio indicators are derived from the real time observations, sampling and diagnostic analysis.

4.

An Index is an integrated value for the status of ecological health of aquatic systems such as water quality
index, biodiversity index and ecological quality index etc.

Case Study 1: Restoration of Ahar River of Udaipur, Rajasthan
There is ample of scope to evaluate ecological health of restored of contaminated rivers and lakes as it is
successfully shown in case of Udaipur‘s Ahar River (non-monsoon flow 150 MLD – a mix of industrial and
domestic wastewaters). This people-professionals initiative in the world which increased dissolved oxygen in from 0
to 8 mg/l in just 60 days was completed in March 2010. Despite of errant industries are discharging their toxic
wastewaters and delinquent hoteliers disposing their putrefying wastes and sewage directly into the river even today,
self-purification of the river and biodiversity is thriving in the river after the in-stream ecological operation of
grafting treatment system (Kodarkar, Mohan & Joshi, Sandeep, 2010).

Case Study 2: Restoration of Buddha Stream of Satluj River receiving wastewater from
Ludhiana’s urban and industrial areas
It‘s a successful government – a major stakeholder‘s

decision-making process of adopting innovative

ecotechnological treatment systems through the consultative meetings of Planning Commission, Government of
India, Ministry of Environment and Forests, Central Government, National River Conservation Directorate (NRCD),
Central Pollution Control Board (CPCB), Punjab Government, Punjab Pollution Control Board (PPCB), Punjab
Water Supply and Sewerage Board (PWSSB), Irrigation Department, Forest Department and Ludhiana Municipal
Corporation (LMC) means involvement of all local, regional and national governments for a common cause of
restoring the ecological health of highly polluted stream of dry weather flow of 600 MLD (Joshi, Sandeep, 2011). It
has strengthened the Government‘s Environmental Accountability and Responsibility (GEAR) with strong
technology pillar having support from public at large who are dependent on waterbody for their activities.

Reforms in Institutional Mechanisms to undertake ecological audits for elimination of
pollution
India‘s National Environmental Policy of 2006 observes that the pollution is increasing because of the system
failures. Taking a cue from the NEP2006 statement, the ecological audit of restoration projects can be suggested on
the basis of strengths, weaknesses, opportunities and threats to achieve the goal of sustained economic growth with
environment quality (SEGEQ) to be Eco-friendly Developed Nation (EFDN). That‘s why the planning and action
plans are explored on knowledge basis to yield the results as desired. There is urgent need to reform the institutional
mechanism to improve the quality of environmental resources available for economic progress and health of society.
Currently, the implementation approach is ‗Policing‘ and not the ‗‘serving‘‘, hence the result achieved is not more
than 10% as expected, Rivers and lakes keep receiving waste matters. There will be state run institutions which will
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take up environmental health projects, implement them with demonstrable results and the cost will be recovered
from the polluting industries or Urban Local Bodies. These Government or Private ‗Environmental Health
Hospitals‘ can seek the help of expert environmental professionals in planning, designing waste treatment processes,
monitoring vital parameters of processes, trouble shooting and improved energy efficiency in waste management. It
is not the infrastructure which gives end results but the continuation of process operations is the key to improve the
ecological health of the water bodies. Ideal infrastructure becomes liability. But the green infrastructure in
commensuration with naturalness of aquatic systems always restores the ecological equilibrium and biodiversity.
Then it remains ―asset‖ and doesnot become liability as wastewater treatment facilities have become in Ganga
Action Plan programme of ‗90s. It seems that restoration of quality of water, air, soil, control and recycling of
wastes are burdensome for the existing industrial system of the country.
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Study of Wetlands of Madhya Pradesh: An Approach through Remote
Sensing and GIS
M P Council of Science & Technology
Vigyan Bhawan Nehru Nagar Bhopal

1. Introduction
Wetlands are considered to be one of the most significant resources of nature. Wetlands are the areas of land
covering either temporarily or permanently occupied by water. Due to their transitional nature, the extremities of
wetlands are mostly difficult to limit.
Definition:
Defining a wetland in its totality is a non-linear approach. A better definition of wetlands involves
multidisciplinary studies wherein plants, water and duration of flooding seasons are necessarily considered.
According to Ramsar Convention Article 1.1 (1975), a more appropriate definition is as follows:“areas of marsh, fen, peatland or water, whether natural or artificial, permanent or temporary, with water that is
static or flowing, fresh, brackish or salt, including areas of marine water the depth of which at low tide does not
exceed six meters”.
The scientific mapping for wetlands of the country was initially taken up by Space Applications Centre (ISRO),
Ahmedabad, during the field season between 1992-93 sponsored by the Ministry of Environment and Forests
(MoEF), Govt. of India using Remote Sensing data from Indian Remote Sensing satellite (IRS-series). The regional
mapping was initially carried out at 1:1/4M scale using IRS -1A LISS-I/II data of 1992-93 time-season under the
Nation-wide Wetland Mapping Project. Since, no suitable wetland classification existed for comprehensive
inventory of wetlands in the country at that time; the project used a classification system based on Ramsar
Convention (1975) definition of wetlands.
The above classification considers all parts of a water mass including its ecotonal area as wetland. In addition, fish
and shrimp ponds, saltpans, reservoirs, gravel pits were also included as Wetlands. This inventory put the wetland
extent (inland as well as coastal) at about 8.26 million ha. (Garg et al, 1998). These estimates covering 24 categories
of wetlands exclude rice/paddy fields, rivers, canals and irrigation channels.

2. Objective
The Principle objectives are as follows:
1.Mapping wetlands on 1:1/20 M scale using temporal data (pre and post- monsoon) using IRS LISS III digital data.
2. Integration of ancillary theme layers (road, rail, settlements, drainage, administrative boundaries etc).
3. Creation of a seamless database of Madhya Pradesh in GIS environment.
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3. STUDY AREA
The state of Madhya Pradesh having 51 districts lies between Latitudes 21 00‘40.62‖ to 26048‘21.04‘‘ N and
Longitudes 7404‘8.93‖ to 82055‘17.08‖ E (Figure-1). It has a geographical area of 3, 08,144 sq Kms.

3.1Physiography:
The state exhibits diversified physiographic features and is categorized into 6 major divisions: Vindhyans, Malwa
Plateau, Bundelkhand Plateau, Satpura Range, Baghelkhand Plateau & Narmada- Son Valleys.
Figure-1: Location Map of MP

3.2 Geology:
The state is underlain by a large variety of Rock Formations ranging in age from Archaeans to Recent; few
important being The Bundelkhand Granites, Vindhyan Sandstones, Deccan Trap Basaltic lava flows and Alluvium.

3.3 Climate:
The state is characterized by Tropical to Sub-Tropical climatic conditions. The South –Westerly monsoon is the
main rainy season allowing around 80-95 % of its annual precipitation to the state. The average annual rainfall
varies between 600-800 mm.

3.4 Major River Basins:
Madhya Pradesh is drained by important major river basins namely Narmada, Tapi, Chambal, Mahi, Wainganga and
Yamuna. Narmada being the lifeline for the state traverses in E-W extremity along the mid central part of the state.
(Figure-2)
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Figure -2 Showing important River Basins of MP

4. DATA USED
4.1 Remote Sensing Data:
IRS P6 LISS III temporal data (Oct-Dec 2006 & Mar-Apr 2007) was used to map the wetlands. LISS III provides
data in 4 spectral bands; green, red, Near Infra Red (NIR) and Short wave Infra Red (SWIR), with 23.5 m spatial
resolution and 24 days‘ repeativity. The spatial resolution has been found suitable for 1:50,000 scale mapping.
Madhya Pradesh is covered in 34 IRS LISS III scenes.

4.2 Ancillary Data:
Survey of India topographical maps were used for reference purposes. Lineage data of National Wetland Maps at
1:250,000 scale was used for reference.

4.3 Ground Truth Data:
Limited as well as selective no‘s of wetlands were verified involving a number of test sites for GPS locations, Field
photographs etc.

5. METHODOLOGY
Salient features of methodology adopted are as follows:
(i) Generation of spatial framework in GIS environment for database creation and organisation.
(ii) Geo-referencing of satellite data.
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(iii) Identification of wetland classes as per the classification system given in NWIA Manual
classes using on-screen interpretation.

and mapping of the

(iv) Coding of the wetlands following the standard classification system and codification as per NWIA manual.
(Figure-3)
(v) Generation of base layers (rail, road network, settlements, drainage, administrative boundaries) from satellite
image and ancillary data.
(vi) Mosaicing and edge matching to create seamless database.
(vii) Preparation, compositions and generation of map and statistics.
(viii) The work was carried out using ERDAS Imagine, Arc/Info and Arc GIS softwares.
Figure-3 Flow-chart showing Methodology

5.1 Creation of Spatial Framework:
State spatial framework was created using (15‘ x 15‘) grid corresponding to 1:50,000 scale as per NNRMS/NRDB
standards.

5.2 Geo-Referencing of Satellite Data:
The raw satellite images were converted to specific map projection using geometric corrections. This was done
using archived geometrically corrected LISS III data (ISRO-NRC-land use / land cover project).First one date data
was registered with the archived image. The second date data was then registered with the first date data.
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5.3 Mapping of Wetlands:
The art of delineation of wetlands through image analysis forms the basis for deriving all wetland classes. The
mapping of wetlands was done following on-screen visual interpretation. Wetlands were identified based on
vegetation, visible hydrology and geography. There are various methods for extraction of water information from
remote sensing data, which according to the number of bands used, are generally divided into two categories, i.e.
Single-band and multi-band methods. Single-band method usually involves choosing a band from multi-spectral
image to distinguish water from land by subjective threshold values. It may lead to over- or under-estimation of
open water area. Multi-band method takes advantage of reflective differences of each band.
In the present study, five indices that enhance various wetland characteristics were used (McFeetres, 1986; Xu
Hanqiu, 2006; Lacaux et al, 2007; Townshend and Justice, 1986; Tucker and Sellers, 1986) as given below:
(i) Normalised Difference Water Index:
(NDWI) = (Green-NIR) / (Green + NIR)
(ii) Modified Normalised Difference Water Index:
(MNDWI) = (Green-MIR) / (Green + MIR)
(iii) Normalised Difference Vegetation Index:
(NDVI) = (NIR - Red) / (NIR + Red)
(iv) Normalised Difference Pond Index:
(NDPI) = (MIR – Green / MIR + Green)
(v) Normalised Difference Turbidity Index:
(NDTI) = (Red – Green) / (Red + Green)
The indices were generated using standard image processing software, stacked as layers. Various combinations of
the indices/spectral bands were used to identify the wetland features.
The following indices were used for various layer extractions:
(i) Extraction of wetland extent:
MNDWI, NDPI and NDVI image were used to extract the wetland boundary through suitable hierarchical
thresholds.
(ii) Extraction of open water:
MNDWI was used within the wetland mask to delineate the water and no-water areas.
(iii) Extraction of wetland vegetation:
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NDPI and NDVI images were used to generate the vegetation and no-vegetation areas within a wetland using a
suitable threshold.
(iv) Turbidity information extraction:
MNDWI image was used to generate qualitative turbidity level (high, moderate and low) based on signature
statistics and standard deviations. In the False Colour Composite (FCC) these generally appear in different hues
from cyan (high) to blue/dark blue (low).

5.4 Wetland Classification System:
The Modified National Wetland Classification system has been adopted for wetland delineation and mapping
comprising of 19 wetland classes which are organized under a Level-III hierarchical system (Table-1). Level-I has
two wetland classes: inland and coastal, these are further bifurcated into two categories as: natural and man-made
under which 19 wetland classes are suitably identified. Two-date data pertaining to pre-monsoon and post-monsoon
was used to confirm the classes and also to demarcate temporal variations in its features.
Wetlands put to agriculture use in any of the two seasons are not considered as a wetland class.

Table 1: Wetland Classification System and Coding
Wettcode*
1000

Level I

Level II

Level III

Inland Wetlands

1100

Natural

1101

Lake

1102

Ox-Bow Lake/ Cut-Off Meander

1103

High altitude Wetland

1104

Riverine Wetland

1105

Waterlogged

1106

River/stream

1200

Man-made

1201

Reservoir/ Barrage

1202

Tank/Pond

1203

Waterlogged

1204

Salt pan

2000
2100
2101

Coastal Wetlands
Natural
Lagoon
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2102

Creek

2103

Sand/Beach

2104

Intertidal mud flat

2105

Salt Marsh

2106

Mangrove

2107

Coral Reef

2200

Man-made

2201

Salt pan

2202

Aquaculture pond

Table 2: Qualitative Turbidity Ratings

Qualitative Turbidity

Based on σ of MNDWI

Hue on False Colour Composite

1.

Low

> +1σ

Dark blue/blackish

2.

Moderate

> -1σ to <= +1σ

Medium blue

3.

High/Bottom reflectance

<= µ - 1σ

Light

Sl. No.

blue/whitish blue

5.5 Conversion of the Raster (Indices) Into a Vector Layer:
The information on wetland extent, open water extent, vegetation extent and turbidity information was converted
into vector layers using region growing properties or on-screen digitization.

5.6 Creation of Spatial Layers:
Spatial layers have been designed, created and organized in ArcGIS/Arcinfo Environment. There are eight wetland
resources layers for wetland boundary, water-spread, aquatic vegetation, and turbidity representing State level
inventory and assessment of wetland resources.
In addition base layers like major rail, road network, settlements, and drainage were interpreted from the current
image and other ancillary data. The administrative boundaries (district, state) are taken from the known reference
data. List of data generated and naming conventions used is given in Table – 3.

5.7 Coding and Attribute Scheme:
Feature codification scheme for every input element has been worked out keeping in view the nationwide
administrative as well as natural hierarchy (State-district-taluka) within the feature class for each of the theme. All
data elements are given a unique name/code, which are self explanatory with short forms. This has an attribute/lookup table and a key field (link-code), which links this look-up table and the database layer.

5.7.1 Attribute Tables for Wetland Boundary Layer:
A wetland attribute table has been created for WETBND (Table 4). Attribute table (wetcode.dat) is created for
recording details of each wetland. Wetland boundary layer (WETBND) is linked to wetcode.dat; wetcode.dat
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describes wetland codes and its description (Table 5). Pre-monsoon water spread layers (WETPRBND) and postmonsoon water spread layer (WETPOBND) are also linked with wetcode.dat.

5.8 Map Composition and Output:
Map composition for atlas has been done at district level as well as for the entire state. A standard color scheme has
been used for the wetland classes and other layers.

Table 3: List of data generated and naming conventions
Sl.

Theme

Theme Name

Wetland boundary

WETBND

No.
1

Key Field

Source

Wetcode

RS data

Wettcode
2

Wetland pre-monsoon water spread

WETPRBND

Wetcode
Wettcode

RS data

3

Wetland post-monsoon water spread

WETPOBND

Wetcode
Wettcode

RS data

4.

Aquatic vegetation

AQVEGPOST

Wetcode

RS data

AQVEGPRE

Wetcode

RS data

TURBIDITYPO

Wetcode

RS data

TURBIDITYPR

Wetcode

RS data

WETPNT

Wetcode

RS data

(post-monsoon)
5.
6
7

Aquatic vegetation
(pre-monsoon)
Turbidity
(post-monsoon)
Turbidity
(pre-monsoon)

8

Wetlands (< 2.25 ha)

Wettcode
9

Drainage lines

DRAINL

10

Drainage polygons

DRAINP

11

Road network

ROADS

12

Rail network

RAILS

13

Settlements (points/area)

SETTLEP

14

Settlements (area)

SETTLEA

15

State boundary

STATE

16

District boundary

DISTRICT

17

Canal

CANAL

18

Lat-Long grid

SOI

Attributes as
per NNRMS
Standards

RS
Data/SOI
Maps/
NRIS/NRD
B wherever
available on
1:50,000 scale
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Table 4: Attribute table of WETBND
Field

S.No

Field Type

Name

Key Field

Remarks

(Y/N)

1.

Wetcode

16, 16, C

Y

Unique identifier for each wetland

2.

Wettcode

4, 4, I

Y

Wetland type code based on wetland classification scheme

3.

Wetname

50,50,C

N

Wetland name if any

4.

Aqveg

2,2, C

N

Status of Aquatic vegetation (Y – Present, N – Absent)

5.

Turbidity

2,2,C

N

Status of Turbidity (H – High, M – Moderate, L – Low)

Table 5: Database structure of Wetcode.dat

Field Name

Field
Type

Key Field

Remarks

Wetcode
State

16,16,C
2,2,C

Y
N

16 digit code (explained below) **
Coding scheme as per NNRMS/NRDB standards

District

2,2,C

N

Coding scheme as per NNRMS/NRDB standards

Taluka/Tehsil

2,2,C

N

Coding scheme as per NNRMS/NRDB standards

Toposheet

6,6,C

N

Ex. 46E/12 = 460512, 46A/16 = 460116

Wetnumber

4,4,C

N

Unique code for each wetland in a Map sheet

Coding scheme for Wetcode:


Wetcode for each wetland is ‘AABBCCDDDDDDEEEE’ (16 digits); Where:



AA – State code



BB – District code



CC – Taluka code



DDDDDD – Map Sheet Number



EEEE – Wetland Number
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5. MAJOR WETLANDS OF MADHYA PRADESH

1 Chiklod Lake Raisen District

2 Tawa Reservoir,District Hoshangabad
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3. Chandapata, District Shivpuri

4. Halali Dam, District Bhopal

5. Bhoj Wetland, District Bhopal
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6. Indira Sagar Dam, District Khargone

7. Barna Reservoir, District Raisen

8. Ban Sagar Dam, District Satna & Shahdol
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9. G B Pant Sagar (Rihand Dam), District Singrauli

Figure- 4
Wetland Map of Madhya Pradesh
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7. Results and Discussions
1.

Total 17,666 wetlands have been mapped at 1:50,000 scale in the state. In addition, 44,952 small wetlands
(< 2.25 ha) have also been identified.

2.

Total wetland area estimated is 8, 18,166 ha.

3.

The reservoir/barrage is the major type, accounting for 47.97 per cent of the wetlands (3, 92,455 ha),
river/stream ranked second with 38.57 % share (315526 ha area).

4.

The other wetland types observed are: tank/pond (64768 ha), waterlogged, lake/pond, ox-bow lake and
riverine wetland.

5.

Graphical distribution of wetland type is shown in Figure .

6.

Aquatic vegetation was observed in lake/pond, riverine wetland, tank/pond and reservoir/barrage. The
vegetation spread in wetlands is more during pre-monsoon (62,751 ha) compared to post-monsoon (13379
ha).

7.

The open water spread of wetlands is more during post-monsoon (5, 71,961 ha) as compared to premonsoon (2, 45,289 ha).

8.

The qualitative turbidity of water in wetlands seen was, in general, moderate in both the seasons.

District-Wise Wetland Area Estimates in Madhya Pradesh
The state has 50 districts. The geographic area of districts varied from 11815 sq km (Chhindwara) to 2694 sq km
(Datia). The wetland area in each district as per cent of total state wetland area ranged from 0.41% (Datia) to 7.40 %
(Khandwa). The wetland area in the districts as per cent of geographic area varied from 1.23% (Rewa) to 9.43 %
(Mandsaur). Khandwa, Mandsaur, Hoshangabad, Neemuch, Satna, Seoni, Mandla and Balaghat are wetland rich
districts in the state. District-wise wetland area estimates is given in Table and graphical distribution of wetlands is
shown in Figure-5. District-wise area of wetlands (type-wise) in the state is given in Table 6
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Table 5: District Wise Area Estimates of Wetlands in Madhya Pradesh
S No.
District

Geographic Wetland
area
area

(sq. km)

% of
total
wetlan
d area

(ha)

% of
distric
t
geogr
aphic
(ha)
area

Open water

Aquatic Vegetation

PostPremonsoon monsoon
(ha)

Postmonsoon

(ha)

(h

Pre- monsoon

Turbidity (Post-monsoon)

Low

Moderat High
e

Turbidity (Pre-monsoon)

Low Moderate

High
(ha)

(ha)

(ha)

(ha)

(ha)

(ha)

(ha)

a)

1

Sheopur

6585

16266

1.99

2.47

4894

1714

27

364

-

4593

301

-

1482

232

2

Morena

4991

11074

1.35

2.22

5890

4289

866

-

5787

103

-

4147

142

3

Bhind

4459

6602

0.81

1.48

5378

2110

111
0
128

90

-

5369

9

-

2103 7

4

Gwalior

5465

8843

1.08

1.62

5629

2140

275

1346

-

4882

747

-

2011

129

5

Datia

2694

3337

0.41

1.24

2158

273

64

54

-

2150
8

-

258

15

6

Shivpuri 10290

22539

2.75

2.19

16065

6047

323

4142

-

15920

145

-

5486

561

7

Guna

6485

10939

1.34

1.69

6421

2227

73

1458

-

6053

368

-

2037

190

8

Tikamgarh 5055

11849

1.45

2.34

7171

2845

537

1308

-

7082

89

-

2502

343

9

Chhatarpur 8687

15221

1.86

1.75

8214

3475

2710

-

8149

65

-

3191

284

10

Panna

7135

10529

1.29

1.48

4947

2084

108
6
269

290

507

4277

163

1806

53

11

Sagar

10252

14506

1.77

1.41

9038

1939

332

747

-

8865

173

-

12

Damoh

7306

10532

1.29

1.44

6910

3706

301

1182

-

6831

79

-

13

Satna

7502

30078

3.68

4.01

25503

9190

355

1863

23565

75

14

Rewa

6314

7774

0.95

1.23

5494

3629

131
3
167

417

-

4750

15

Umaria

4062

13382

1.64

3.29

10149

3790

98

272

-

16

Shahdol

5672

23847

2.91

4.20

16615

8757

187

189

17

Sidhi

4766

13383

1.64

2.81

5637

4873

130

18

Neemuch

4267

31019

3.79

7.27

29045

17031

19

Mandsaur 5530

52150

6.37

9.43

49978

20

Ratlam

11903

1.45

2.45

9062

4861

2
2
5

882

1057

3677

29

-

9105

85

744

-

3591

38

9824

325

2

3719

69

25

15794

796

-

8516

241

298

-

5478

159

-

4840

33

187

3492

-

29026

19

174

26036

349

6815

-

49886

92

-

1 16678
7
9 25255

1720

53

711

-

8409

653

-

1056

664

781

78

21

Ujjain

6091

12088

1.48

1.98

9002

1462

423

2425

-

8811

191

-

852

610

22

Shajapur

6196

11476

1.40

1.85

8381

1654

95

2138

-

8372
9

-

766

888

23

Dewas

7020

11874

1.45

1.69

7110

3029

210

1397

-

7010

-

2769

260

24

Jhabua

3441

9082

1.11

2.64

7348

1020

14

688

-

7348
-

-

482

538

25

Dhar

8153

21145

2.58

2.59

13941

5562

229

1854

-

13919

22

-

3255

2307

26

Indore

3898

8503

1.04

2.18

5466

995

800

2290

-

5231

235

-

769

226

27

Khargone 8010

19133

2.34

2.39

11599

5230

59

1593

-

28

Barwani

5432

10960

1.34

2.02

4703

2404

6

375

-

11592
7

-

4592

638

4701
2

-

2289

115

29

Khandwa

7590

60520

7.40

7.97

53994

37010

81

1434

-

53980

-

36952

58

30

Rajgarh

6143

10980

1.34

1.79

6595

1435

28

1260

-

6589
6

31

Vidisha

7362

11159

1.36

1.52

8127

1894

590

630

424

7270

433

32

Bhopal

2772

9250

1.13

3.34

8216

3345

56

3031

-

7992

33

Sehore

6578

15114

1.85

2.30

10031

4963

58

2099

-

9983

34

Raisen

8466

17979

2.20

2.12

14611

5811

415

1493

-

14353

35

Betul

10043

21809

2.67

2.17

6684

2947

-

1789

-

4978

36

Harda

3339

6020

0.74

1.80

2832

1501

26

138

-

2826
6

100

14

-

965

470
146

224

-

2 1726
2 3235

48

-

4699

264

258

-

2379

3432

1706

-

2625

322

-

1495 6

110
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District
code

District

Geographic
area

(sq. km)
373737

Hoshangabad 6698

383838

Katni

393939

Jabalpur

Wetlan
d
area

%
of
total
wetlan
d area

(ha)

% of
district
geograp
hic area

Open water

Aquatic Vegetation

PostPremonsoon monsoon

Postmonsoon

(ha)

(ha)

(ha)

(ha)

Premonsoon

(ha)

Turbidity
monsoon)
Moderate

High Low

Moderate

High

(ha
)

(ha)

(ha) (ha)

(ha)

(ha)

Low

(Post-

Turbidity (Pre-monsoon)

37081

4.53

5.54

26281

9130

87

824

-

19773

6508

-

2626

6504

4947

8511

1.04

1.72

6269

1437

331

438

-

5853

416

-

1434

3

5210

18073

2.21

3.47

13129

7797

1576

710

-

7434

5695

-

5520

2277

404040

Narsimhapur 5133

10856

1.33

2.11

4050

2245

46

208

-

3938

112

3

2215

27

414141

Dindori

7427

11335

1.39

1.53

6281

1571

89

888

-

6273

8

-

1559

12

424442

Mandla

5805

25530

3.12

4.40

22171

6573

212

1058

6

19425

2740

175

5213

1185

434443

Chhindwara 11815

20157

2.46

1.71

8954

3291

48

1236

-

8737

217

84

2985

222

444444

Seoni

8758

26774

3.27

3.06

22232

8374

173

1009

2

18330

3900

23

7914

437

454445

Balaghat

9229

24610

3.01

2.67

14793

1837

526

1614

-

13148

1645

-

1458

379

464446

Alirajpur

3326

5919

0.72

1.78

3835

2611

4

659

-

3835

-

-

2473

138

474447

Anuppur

3701

6802

0.83

1.84

2919

1288

23

318

-

2621

298

-

1255

33

484448

Ashoknagar 4674

16942

2.07

3.62

14528

6365

131

1880

-

14515

13

-

2661

3704

494449

Burhanpur

3107

4775

0.58

1.54

1400

812

23

34

-

1342

58

-

799

504550

Singrauli

5672

17936

2.19

3.16

12281

3821

11

935

-

5843

6438

-

3480

341

100.00

2.65

571961

245289

13379

62751

2827

532712

36422

713

213784

30792

Total

308414

818166

13
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Figure-5 Type-Wise Distribution of Wetlands in Madhya Pradesh
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Table 6: District-wise area of wetlands (type-wise) in Madhya Pradesh
Wetland Type
District
code

District

Geographic
area

1101

1102

1104

(sq. km)

(ha)

Ox-bow
Riverine
lake/ Cutwetland
off
meander
(ha)
(ha)

Lake/
pond

1105

1106

1201

1202
Sub-total

Wetlands
(<2.25 ha)

Total

(ha)

(ha)

(ha)

(ha)

Waterlogge River/
d
Stream
(Natural)
(ha)
(ha)

Reservoir/
Barrage

Tank/ Pond

(ha)

1

Sheopur

6585

-

-

-

-

13573

1883

307

15763

503

16266

2

Morena

4991

-

-

-

-

8021

2475

190

10686

388

11074

3

Bhind

4459

-

-

-

-

5118

560

255

5933

669

6602

4

Gwalior

5465

-

-

-

-

2449

4276

541

7266

1577

8843

5

Datia

2694

-

-

7

-

2646

248

87

2988

349

3337

6

Shivpuri

10290

-

13

-

-

7369

12816

1096

21294

1245

22539

7

Guna

6485

-

-

-

-

4737

4743

826

10306

633

10939

8

Tikamgarh 5055

-

-

-

-

7405

2419

1361

11185

664

11849

9

Chhatarpur8687

-

-

-

-

8304

3910

1569

13783

1438

15221

10

Panna

7135

16

-

-

-

6759

1209

1483

9467

1062

10529

11

Sagar

10252

-

41

-

-

6649

3261

2966

12917

1589

14506

12

Damoh

7306

-

-

-

18

6096

2559

800

9473

1059

10532

13

Satna

7502

-

-

-

-

2695

20689

5478

28862

1216

30078

14

Rewa

6314

-

-

-

-

3845

1540

1897

7282

492

7774

15

Umaria

4062

-

-

-

-

3366

8177

1034

12577

805

13382

16

Shahdol

5672

-

-

-

-

6866

13447

2250

22563

1284

23847

17

Sidhi

4766

58

-

-

-

10678

1166

961

12863

520

13383

18

Neemuch 4267

48

4

-

28

1686

27355

1144

30265

754

31019

19

Mandsaur 5530

20

-

-

17

2854

46183

2105

51179

971

52150

20

Ratlam

4861

7

-

-

39

5051

3211

2173

10481

1422

11903

21

Ujjain

6091

-

5

-

-

4407

5211

1160

10783

1305

12088

22

Shajapur 6196

2

-

-

-

4959

4968

863

10792

684

11476

82

23

Dewas

7020

-

-

-

-

6045

4333

905

11283

591

11874

24

Jhabua

3441

-

-

-

-

4645

2619

1359

8623

459

9082

25

Dhar

8153

-

-

-

17

10380

7216

2854

20467

678

21145

26

Indore

3898

-

-

-

-

2066

4060

1712

7838

665

8503

27

Khargone 8010

-

-

-

-

10959

6314

1187

18460

673

19133

28

Barwani

5432

-

-

-

11

8718

1361

718

10808

152

10960

29

Khandwa 7590

-

-

-

-

6412

53105

398

59915

605

60520

30

Rajgarh

6143

-

-

-

-

6109

3438

820

10367

613

10980

31

Vidisha

7362

-

-

-

-

3667

3343

2428

9438

1721

11159

32

Bhopal

2772

-

-

-

-

977

7609

423

9009

241

9250

33

Sehore

6578

-

-

-

-

7694

6173

773

14640

474

15114

34

Raisen

8466

-

-

-

-

4763

10584

1540

16887

1092

17979

35

Betul

10043

-

-

-

-

14340

5480

545

20365

1444

21809

Contnd….
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Wetland Type
1101

District code
District

1102

1104

1105

Wetlands
1106

Geographic
Lake
area
(sq. km)
(ha)
pond

Ox-bow
lake/ CutRiverine wetland Waterlogged River/
off
Stream
meander (ha)
(ha)
(ha)
(ha)
(Natural)

1201

1202

(<2.25 ha)

Reservoir/ Tank/
Barrage
Pond
(ha)
(ha)

Sub-total
(ha)

Total
(ha)

36

Harda

3339

-

-

-

-

4859

963

101

5923

97

6020

37

Hoshangabad 6698

-

-

-

-

15828

20211

510

36549

532

37081

38

Katni

4947

-

-

-

-

2018

3809

2040

7867

644

8511

39

Jabalpur

5210

-

-

-

-

5955

8838

2849

17642

431

18073

40

Narsimhapur 5133

-

-

-

-

9813

350

340

10503

353

10856

41

Dindori

7427

57

-

-

-

8412

571

563

9603

1732

11335

42

Mandla

5805

-

-

-

-

5682

17983

691

24356

1174

25530

43

Chhindwara 11815

-

4

-

-

12053

6353

859

19269

888

20157

44

Seoni

8758

-

-

-

-

3834

18447

2154

24435

2339

26774

45

Balaghat

9229

-

19

-

27

12274

3729

5065

21114

3496

24610

46

Alirajpur

3326

-

-

-

-

3744

1312

712

5768

151

5919

47

Anuppur

3701

-

-

-

-

3481

929

810

5220

1582

6802

48

Ashoknagar 4674

-

7

-

-

2381

12977

1061

16426

516

16942

49

Burhanpur

3107

-

-

-

-

4309

226

130

4665

110

4775

50

Singrauli

5672

-

-

-

-

8575

7816

675

17066

870

17936

Total

308414

208

93

7

157

315526

392455

64768

773214

44952

818166
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Challenges of saving an Urban Lake

Abhilash Khandekar & Bhalu Mondhe
SAVING an Urban Lake in a city which is known for its lack of sensitivity towards environment, is a tall order. The
Nature Volunteers--an informal group of environmentally restless people--did the 'foolish' thing of undertaking the
mammoth task, nevertheless. We did not have either experience or the expertise of conserving a water body, which
once upon a time, was a top class natural bird habitat.

Why I say foolish was because of two reasons: one, the lake in question belonged to a municipal body and two; the
local citizens were completely unconcerned about the dying Lake and therefore did little to help TNV. That made
situation difficult at every stage and our madness to protect the ecology of the Lake, save its birds and water,
dragged on for 15 years or little more. At time we were frustrated wondering what are we doing and why?

Yes, I am talking of the century once-beautiful Sirpur Lake, full of water and trees and birds around it, till about 50
years ago. But it fell prey to official neglect and apathy of top order.
Indore, in the Malwa region of Madhya Pradesh, is a water-scarce area for many decades now. Adverse impact of
growing urbanisation on the biodiversity of the city was only seen to be believed there. Natural resources were under
extreme pressure due to the ever-burgeoning population and construction activity. Resultantly, the biodiversity
almost vanished over a period of time, mainly after the 80s. No river in the city, no Lake in the city, municipal
gardens and open spaces existed in some old government and municipal files or history books of school children, but
citizens could not spot them as they had disappeared, thanks to a new breed of urban planners. That was the case of
Indore, ruled once by the visionary Holkars.

Around the same time we--a group of 8-10 young people--were driven by the madness to conserve the wetland,
having seen the deteriorating situation there. Trees were regularly felled, illegal fishing was order of the day, people
used to organize parties and burn fire under trees, land encroachment was going on unabated, water was
contaminated, plastic bags strewn around in plenty....in short the 'lake' offered a saddening picture. We instantly
decided to so something to save Sirpur. It was sometime in early 1990s or so.

But how to go about it? We first went to the MP Forest Department which raised its hands in helplessness as the
lake did not belong to them. M N Buch, illustrious environmentalist and urban planner of Bhopal, wrote for us to the
Government of MP, but to no avail.
As the 'greenhorn environmentalists' we lost heart wondering how come forest department say no to protecting
trees? But they were right and we were wrong!
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Nonetheless, we continued our regular sorties there and volunteered to create awareness. We then founded a not-forprofit TNV. Without any authority, however, we tried to stop the illegal tree feeling, did some field work of taking
out plastics and other garbage from the lake, raised alarm when the local goons would come to the isolated,
neglected place to celebrate their ' evening parties' and faced all kinds of risk for saving the lake.

Birds were few and far between then as the water condition had worsened over a period of time. But old people of
the city had told us they had seen them in large numbers when the Lake had not lost all its pristine glory---in the 70s
or so. Indore was a small beautiful place then, full of greenery, Khan-Saraswati rivers flowing from the middle of
the town, municipal gardens in a large numbers all over the town, and much less pollution.

Sirpur Lake is situated on the outskirts of the fast expanding city, on the Dhar Road. So none bothered to visit it,
including its owner--the Indore Municipal Corporation (IMC).

After we working for over five years, the IMC came into picture, as the friendly media gave much publicity to
TNV's efforts. One fine morning we announced that Sirpur should be declared a Bird Sanctuary, like many other in
the country. This created a flutter and municipal officials got alerted about their ' property'. Some of their officials
then started visiting the Lake and saw for themselves the pathetic condition of their own wetland. Most of them had
seen the Lake for the first time despite long service in the corporation.

The threat to the Lake was mainly from the local slum dwellers and hoodlums. We then decided to make a Sirpur
Bachao Samiti ( Save Sirpur Committee) consisting the local residents who used to pollute the water and do all such
things that kept the winged visitors away from their own rightful home. We trained them, gave them respect and
made them aware of the importance of the Lake. That surely gave us some success in our efforts to protect the bird
habitat.

Once the officials started taking interest, things moved a little in the right direction, but not fully. We have, seriously
speaking, written hundreds of letters, gave numerous suggestions and tried to convince the successive municipal
commissioners and Mayors the importance of the Lake but things would move the way they move in municipal
bodies. Environment protection clearly was not their agenda, despite our repeated pleas to them.
In Bhopal, 200 kms away from Indore, we then focussed our attention on the bureaucracy. Lucky as we were ( in
fact, the avian population of Sirpur), successive Chief Secretaries Vijay Singh and Rakesh Sahani took interest in
our project and asked the concerned officials to personally look into what TNV's single-handed efforts to save the
Sirpur Lake at Indore. Incidentally, Bhopal has many Lakes and they are being well protected, what with the
presence

of

entire

Government

around.

Alas,

Indore

is

not

equally

blessed

in

this

regard.

However, soon the then Lake Conservation Authority (now merged in to EPCO) and EPCO came forward after the
directives from the GoMP, and as they were experts and knew precisely what was required to do at Sirpur, things
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started moving in scientific direction. ` Survival Strategies of Sirpur ' an experts' workshop thus happened in 2006 at
Indore which drew the much-needed attention of Indoreans in a big way. Technical know-how also started trickling
in after that. A technical report was made by the LCA and sent to Government of India for funding under wetland
conservation programme.

We invited well-known environmentalist Sunita Narain of the CSE to visit to Lake and she was impressed and
suggested us how to go about. TNV followed the path and could bring back the almost dead lake, to life.

Now the entry to the Lake is somewhat restricted, water quality much better, trees are standing tall proudly, plastics
bags have almost been banned; evening parties are few and far between and most satisfying is that the birds are back
and in big number, along with their friends. Meaning, new species of birds and butterflies are now seen at Sirpur.

In October, 2010, The Nature Volunteers, brought out a field guide of the 'Birds of Sirpur' and documented the
resident and migratory species that are found there and all the efforts that went into the saving of Sirpur Lake. The
Sirpur Success Story can be replicated in other parts of the country too.

We now plan a BNHS Center for Education of students and lay persons. It requires big money, but again, the low
scale interest of authorities in Indore is what worrying us.

But we are hopeful, as ever, that now the Lake shall remain like this, nay, improve to become another Bharatpur of
India. Not the Bharatpur, that one hears about these days. The one which many of had seen two decades ago during
it‘s hey days!
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Abstract
In the words of the United Nations Development Program (UNDP), water is ‗the stuff of life and a basic human
Right‘. Thus, water is an essential element for life, including human life on earth and as a result is a core concern in
law. Yet, the development of formal water law has been relatively slow and often patchy.

The paper maps the history of the evolution of water policy and regulations in general and in India and South Korea,
the two vibrant Asian democracies with a marked difference in the present state of their aquatic ecosystems – rivers,
lakes and wetlands in particular.
After touching upon the reverence the water and wetlands enjoyed in ancient India a time based analysis explains
the fall of India and consequent appalling change in attitude of its population towards nature and its booties
including water. The paper dwells on the glorious Indian tradition of worshiping water-bodies and providing water
resource as the best form of charity. Every ruler ensuring that the people have access to plentiful and pure water
prior to foreign occupation.
The paper then analyses the shift that took place during 1000 years of foreign rule, particularly the colonial period
under British when the first Law to regulate water was introduced in 1873, which ironically remained the basis of all
subsequent laws, for instance the Madhya Pradesh Irrigation Act, 1931, which still remains in force went much
further and asserted direct state control over water.
Water is a State subject due to the constitutional scheme, which since the Government of India Act, 1935 has in
principle given power to the states to legislate in this area. Thus, states have the exclusive power to regulate water
supplies, irrigation and canals, drainage and embankments, water storage, hydropower and fisheries. Union
Government has very little or no control to legislate or manage water quantity or quality of wetlands except as an
arbitrator in cases of interstate river water disputes.

The paper examines the Water Act of 1974 and dissects the Water policy Framework of 2002 and 2012 and critics
the proposed Water Law draft of 2013. It also takes into account important amendments and landmark judgments
and recent laws passed by State Governments.
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On India the paper highlights the glaring deficiencies that creep in due to segmented water governance with multiple
departments supposedly responsible for different aspects. The resultant colossal implementation failure of most
initiatives and projects does get highlighted. The quality of Gangajal and plight of Pushkar Sarovar are only
symbolic of the health of most of our wetlands that are under tremendous stress.
Contrasting this the paper explores the dynamics of policy changes that have made Korea a world leader, at home
and abroad in water management, both in technology and know-how with 56% market share of world water
management (including treatment and reuse) market. The stage-based institutional analysis explains the South
Korean water policy process as a set of incremental change stages. Additionally, the normative approach is used to
complement the rational institutionalism as it is less capable of addressing the motivation and initiation of change.
Images of wetlands in India and South Korea illustrate the point more vividly!
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A social-ecological approach to understanding urban lake systems in India
©Mansee Bal1´2

Abstract
This paper is part of the introduction chapter of my draft PhD manuscript. The paper is intended to draw attention of
urban lake enthusiasts, readers and publishers towards the research. The research is about building understanding of
governing and sustaining urban lake systems in India. It is intrigued by the usefulness of the social-ecological
system framework, which is the legacy of Elinor Ostrom‘s theoretical and empirical foundations on long term
sustainable resource and management.
Urban lake systems are one kind of social-ecological systems. Sustaining and governing social-ecological systems
are challenging and involve complex problems and processes. Understanding the complex problems and processes
of sustaining and governing urban lake systems is equally challenging and involves a complex science of monomulti-transdisciplinary studies. The social-ecological system framework is applied to understand the problems and
processes of urban lake sustainability and governance in India. Learning about the social-ecological system
framework became integral part of learning about urban lake sustainability and governance.

Introduction
In the last decade in India, on one hand urban lakes have gained prominence in the environment-development
policies and on the other hand the urban lake sustainability is confronted by the increasing societal demands of
services from them and the lack of proper governance to sustain them and meet the societal demands. The inaugural
address at the 12th World Lake Conference, in 2007 at Jaipur, clearly outlines this:
“A lake is the most beautiful and expressive feature of a landscape. It is often described as the „Eye of the Earth‟
and rightly so. A pristine lake reflects the beauty and joy around it, but a polluted lake choked by callous dumping of
waste is like a blind eye. Unfortunately, today many of our lakes have been blinded and polluted on account of overexploitation and reckless dumping of human and industrial waste. It would be well to remember that we are the
custodians of the Earth and its resources. Unless remedial measures are taken, we would be guilty of depriving
future generations of the beauty, the grandeur and the bountiful benefits of nature”- the then Honourable President
of India, Pratibha Devisingh Patil (MoEF, 2010).
1

Department of Public Administration and Institute for Housing and Urban Development Studies,

Erasmus University, Rotterdam, The Netherlands
email: bal@fsw.eur.nl
2

Environmental Design Consultants, Ahmedabad, India
email: mansee@edc.org.in

91

The address reflects the importance and the problems of urban lakes in India. It also asks for owning the problems of
past and calls for actions to protect the future of urban lakes. Though there is still abundance of urban lakes, there
has been systematic deterioration of urban lakes in India. In less than a century, when the number and size of the
cities have increased by double, the total number of lakes in the cities have decreased to less than half, and in the
remaining number of lakes, the total size of the lakes have reduced by less than half, and further in the remaining
number of the reduced lakes, the ecological conditions are extremely poor. The systematic deterioration questions
sustainability of the urban lakes and seeks answers should we wish to sustain them in/for the future. Sustainability of
urban lakes is the overarching problem as well as the desired aim of the society. Intuitively, the systematic
deterioration is attributed to the abundance of users (increasing population) of the lake compounded with the
abundance of expectations (increasing demand) from the urban lakes to fulfill more functions and services than ever.
Looking a bit deeper, a common highlighted attribute is the lack of appropriate rules for the use and the users of the
lake compounded with the lack of proper governance in the provision and maintenance of the lake and its services.
Governance of urban lakes is the policy problem as well as the desired policy aim of the organisations involved in
the governing process. The above are the generic reasons (rather excuses) attributed to every problem in India. They
are true to large extent however; a well thought answer to the systematic deterioration is: there is much more than
this!
Looking further deep, it is realised that urban lakes are not fully understood and the problems of the urban lakes are
accelerated with this incomplete understanding. There is abundance of knowledge about urban lakes particularly
about specific problems and specific solutions to solve those problems however the abundant knowledge is not
integrated. Knowledge since not integrated has resulted, for long time, in recommending incomplete solutions to the
incomplete or wrongly understood problems. Urban lake sustainability and governance has become a never ending
problem-solution game. While the researchers and decision makers accept this never ending problem-solution game,
there is a growing interest towards integrating the available knowledge and thereby improve the understanding of
the complex problems and processes involved in the urban lake governance and sustainability. They acknowledge
that understanding is crucial should we aspire to reduce the problems and prolong the processes of change and
finally address the sustainability of the urban lakes. Building an understanding of urban lake sustainability and
governance is the research problem as well as the research aim. Building understanding is presumed as a step
towards better lake governance and towards lake sustainability in the long term. Involving directly in the governance
and sustainability, though a pressing need is left out of the scope of research.
The theoretical foundation of the research is centred on the question, ‗what to know about urban lake systems‘; and
the methodological foundation is centred on the question, ‗how to know to get a comprehensive understanding of
urban lake systems‘. They are set in the empirical foundation of ‗what is currently happening in the urban lake
governance and sustainability in India‘. They form the content of the research and are briefly laid out here.
Empirical Foundation
The term ‗lake‘ in India describes various types of water bodies that are natural, manmade and ephemeral and urban
lake is defined as, ―subset of all fresh water bodies such as wetlands, reservoirs, lakes, ponds, tanks, etc. that are
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surrounded by land on all sides and located in urban settings‖ (Reddy and Char, 2006) (figure 1.i.). There are
relatively few natural lakes located mostly in the northern region of the Himalayas and in the eastern floodplains of
Indus, Ganga and Brahmputra. The focus here is on humanly constructed urban lakes that are located in the semiarid and arid regions of western and southern peninsula. The eight urban lakes studied are: Mansagar Lake in Jaipur,
Rajasthan; Bhojtal in Bhopal, Madhya Pradesh; Hussainsagar, Saroornagar Cheruvu, Mir Alam tank in Hyderabad,
Andhra Pradesh; and Kankaria Lake, Naroda talav, Vastrapur talav in Ahmedabad, Gujarat (figure 1.iii.).
The tropical Indian ecology forced the Indians to develop the art of rainwater harvesting and the lakes were
constructed in the past to store water for using round the year. The first ever mention of harvesting rainwater is in
the Vedic literature of Chandogya in Upnishad (Agarwal and Narain, 2001). Such rainwater harvesting structures or
lakes exist all over India and are known by variety of names in different regions based on the dialect of the region,
size of the lakes and sometimes the functions they fulfil (figure 1.ii.). The sizes of the lakes vary from as small as
0.01 sq.kms. to as large as above 30 sq.kms. The lakes were located strategically on the streams and depression land
forms of the village landscape and were created by constructing dams and deepening.
ii. Terms used for lakes in India
Manmade

Natural

Reserviour
Ponds
Tanks

Wetlands
Lakes

Urban Lakes

i. Urban Lake classification
Source: Reddy and Char, 2006

- Sar- Sanskrit word for lakes
- Sarovar- Sanskrit word for relatively shallow lakes
- Bawri- Small, usually shallow pond, sometimes man-made
- Jheel- Usually large and deep lake
- Kund, Pokhar- Small pond
- Talaab and Talao-Usually a small pond, natural or man made
- Sagar and Samand- Very large and deep manmade lake
- Tal-Large spread of water, generally oxbow, also natural lakes
- Tank- Name since the British rule
- Lake- All the above types in most policy documents

Source: adapted from MoEF, 2011

Johad, Jhalara,
Bawdi, etc. - Natural
or manmade, small or
large, shallow water
bodies in Rajasthan
Case study:
Mansagar in Jaipur

Talav, Talavadi, etc. Shallow water bodies
in Gujarat
Case Study: Kankaria
Lake, Naroda talav,
Vastrapur talav in
Ahmedabad

Tal, Talaiya, etc. –
Shallow large and
small water
bodies in Madhya
Pradesh
Case Study: Bhojtal
in Bhopal

Cheruvu, etc.- Shallow water
bodies in Andhra Pradesh
Case
Study:
Hussainsagar,
Saroornagar
Cheruvu,
Mir Alam tank in Hyderabad

a

Source: adapted from MoEF, 2011; maps of India
Figure 1: Classification of urban lakes in India
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Traditionally, these lakes sustained for centuries. Their sustainability is attributed to the community characteristics
such as the number and type of the users of the lake, the uses of the lake and the rules for the use and users of the
lake. First, the use of the lakes was shared by small number of users living either in the villages or in the kingdoms.
Second, the attributes of these small communities were somewhat homogenous and were driven by the similar
utilitarian and ritualistic uses of the lake. The utilitarian needs of the community were primarily agrarian and
domestic and which were given ritualistic shades through the religious activities. Third, the shared dependence on
the lakes helped the community have the shared values and knowledge about the lakes. Finally, the dependence and
common understanding were institutionalized into the formal and informal rules for lake maintenance, water use and
users‘ behavior and thus the management of lakes was inherently integrated into the community life. These formal
and informal rules flowed through several generations. This traditional management of lakes (and other water
bodies) is referred to community water management approach (CWMA) and is considered as the golden period of
the lake management (Agarwal, et.al., 2001).

The recent history of governance attributes to most of the current problems of urban lake sustainability. Things
changed in the post-colonial and post-industrialization period in the last century with regard to the communities,
lakes and lake management. The small homogenous village communities turned into large heterogeneous urban
communities. Today, there are more than fifty urban centers in India with million plus population. The rural
landscape of farms and vast open lands are transformed into the urban landscape of roads and concrete jungles in
‗the process of urbanization‘ (Mcharg, 1969). The ‗lakes‘ turned into the ‗urban lakes‘, without the lake managers
and the urban community even realizing this distinction (discussed in chapter three). The ‗urban context‘ makes the
urban lakes different from the lakes located in the rural and forest area. Urban lakes became vulnerable owing to the
stress from the demand of different services from the new occupation and lifestyle of the urban community. The
governmental approach of lake management inherited from the colonial period continued. The highlight of the
governmental approach is that the government provides and maintains and the community uses. While the use and
the users of the urban lakes changed, the ‗one size fit all‘ approach continued in governance.

With the stress of urbanization, there is more demand for land in the cities for various services and the potential of
the urban lakes as land parcels was quickly realized. Urban lakes began to be used for various urban related services.
The deterioration of urban lakes began with unauthorized disposals of domestic and industrial wastes (both solid
waste and wastewater). The deterioration was augmented by the authorized use of the lakes as landfill sites for
domestic-industrial wastes and planning to dispose the city‘s wastewater. While several treatment plants are
constructed over the years to treat the wastewaters but they were never enough to treat all the wastewater of the city.
The urban lakes became cesspools of wastewater and a threat for those living around the lake. The conditions of the
lakes became emphatically poor in both summers and monsoons with the outbreaks of health hazards like malaria,
cholera, plague, diarrhea, etc. Over the years, several urban lakes got filled with large deposits both from the
wastewater and rainwater, most of which are reclaimed for various urban development purposes. Several of such
lakes have also turned into squatting grounds for poor migrants who come into the cities and cannot afford housing
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from the formal sector. Several policies and programs are now implemented for relocation and rehabilitation of the
squatters and to reclaim the lake. But the struggle continues to prevent squatting and providing housing to the large
influx of migrants. The problems of urban lake sustainability compounded over time and led to systematic
deterioration and loss of several urban lakes in numbers and those left are lost by quantity and quality. On one hand,
it can be said that the sustainability of the urban lakes is threatened but on the other hand one might argue that the
urban lakes are put to different use in the urban system.

Recently in the new millennium, things began to change with the urban lakes, their uses and users and the rules to
govern them. The urge for sustainability of urban lakes is on the rise in the current lake governance. There is also
rise in the governance approach from the past governmental approach. Several urban lakes are undergoing
restoration. There are regulations and strategies to designate and delineate the urban lakes, to ensure that the land
encompassing a lake must be used as a lake. The current urban lake governance is primarily driven by the use of the
urban lakes as public open spaces for various kinds of recreation. In addition, the crisis arising from the water
scarcity and from the flooding in the city diverted the attention of the local authorities towards the maintenance of
the urban lakes. Restoring the lake ecology is viewed as a mean to achieve the desired public spaces as well as to
deal with the crisis. The current lake governance is more explicit about the lake ecology from technological,
financial and social-political perspectives. It is viewed as optimal option first to wastewater disposal and second to
augment the water loss and ensure year-round water availability in lake, in other words a step towards
‗physical sustainability‘ of a lake (discussed in chapter six and seven).

There is now abundance of regulations and strategies developed to govern the urban lakes ever since, particularly in
the water resources, environment, forest, agriculture, fisheries and economic sectors (discussed in chapter six). The
sector based management of the urban centers (including urban lakes) was on one hand necessary to handle the
urbanization process, but on the other hand had weak and unclear regulations and strategies for integration of the
sectors physically as well as in policy and science (discussed in chapter two). A common thread among the sectors
has been the advocacy of the traditional CWMA. The CWMA approach is further resurrected through international
packaging with the flow of approaches like sustainable development (WCED, 1973), followed by integrated water
resource management, IWRM (CAPNet, 2010), integrated lake basin management, ILBM (ILEC, 2005), and
ecosystem services, ES (MEA, 2004). The agreements like Ramsar, UNEP, GWP, ILEC comforted the urban lake
governance in India for long time as they arrived with multiple solutions and providing thick descriptions of
instructions and prescriptions on lake governance (discussed in chapter six). Looking for panacea continues because
of the pressing demands to do something to sustain the urban lakes. For example, the above approaches continue
prescribing CWMA however struggle to develop specific framework for large and heterogeneous urban community
and settle an ‗appropriate‘ governance approach. Similarly, the approaches continue prescribing wetland
management ideas but struggle to develop specific framework for the urban lake management. The lake managers
are slowly coming to the realization that urban lakes are transforming into wetlands that are different from the
natural wetlands and the constructed lakes, owing to its characteristics changing to wastewater reservoir from
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freshwater reservoir of the past. They are also realizing that the urban community is very different than the
traditional rural community.
The current lake governance is also on its way towards collective action. In the polycentric governing environment,
multiple (governmental and non-governmental) organizations, that were independently managing the multiple parts
of the lake systems, have somehow struck a collective agreement to address the lake problems in totality. A
collective goal is set for moving towards the lake sustainability. Though working towards collective goal seems
challenging in the presence of the competing interests of the organizations particularly from two broad competing
notions of lake sustainability: lake conservation and lake development; collective action is considered a crucial
change in the current lake governance. (discussed in chapter three, six and seven). The current lake governance is
also on its way towards restoration of the societal connection that was lost somewhere in the urbanization process.
This is attributed to the realization of the decision makers that governance by keeping the community ‗out‘ is
difficult and also to the rising awareness of the urban community towards the environmental governance. Earlier, the
attempts to solve the lake problems were based on either engineering solutions or on natural processes. The
governance processes are now geared towards community participation. Community organizations are active
through deliberations with the government organizations and through building the sustainability knowledge among
the urban community. Private organizations are active through market mechanisms and partnerships with the
government organizations. Community involvement is augmented with the judicial activism. The courts have
intervened in recent time with important verdicts in favor of the lakes. They are probably the new avatars of the
CWMA (discussed in chapter six and seven).
The recent developments at the policy front are the National Lake Conservation Plan, 2004 and the Wetlands
(Management and Conservation) Rules, 2010 of the MoEF. They envisage seeking lake ecology of permissible
standards, ‗wise‘ use of lake and user ‗friendly‘ lake management approach. The MoUD (2012), in conjunction with
the MoEF, is in the process of developing knowledge building programs for lake managers on sustainable lake
management. The above are expected to be instrumental for the current lake governance and towards the lake
sustainability in the long term.

Rationale for Intervention
The focus of the research is poised in this decade starting from 2001 until the 2011. Several urban lakes across the
country have found a ‗revived life‘ in the last decade. Intuitively there seem improvements in the urban lake
sustainability and governance. On one hand, the inquisitiveness is whether the improvements are genuine and
what/how/why certain things are done to ensure the lake sustainability. Further, despite several efforts to protect and
restore, urban lake sustainability and governance continue to be challenging and as experts say that it is ought to be
challenging since it involves complex problems and processes. Still further, the task to protect and restore the large
number3 of urban lakes is huge, especially in the absence of panacea.
3

There are more than hundred cities with over five hundred thousand population and invariably most of the

cities have urban lakes and they share similar issues about lake sustainability and governance.
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On the other hand, it intrigues to document this change in the sustainability and governance of the lakes.
Documenting ‗what is being done, how it is done, why it is done‘ is at the core of this research and is considered
integral to understand the current problems and processes of urban lake sustainability and governance. It is true that
amidst the abundance of information on problems, it is challenging to acknowledge and appreciate. More so because
policy and science continue to be problem solving approaches. It is also likely that what is done may not be perfect
and that it may not solve all the problems. However, it is important to document what is being done, how is it done,
why is it done since there are changes (positive) in several urban lakes after the decades of their deterioration.
Documenting what/how/why will help building the desired understanding of urban lake sustainability and
governance. In addition, looking at the shear number of the urban lakes and the compounded intensity of the
problems, the research intervention is expected to be of high relevance for the future policy and science that are
geared towards urban lake sustainability and governance and for helping the lake managers towards building better
understanding of the problems and processes of urban lake sustainability and governance.

Theoretical foundation
The understanding of urban lake systems in India in this research is built on three broad aspects: the urban lakes in
India, the lake sustainability and the lake governance. They form the research triangle (refer figure 2) with broad
questions such as: what is happening to urban lakes in India, followed by what is happening in the governance of
urban lakes and what is the existing knowledge of urban lakes. The context is based on the challenges faced in the
‗deterioration of urban lakes‘ and the opportunities realized in the ‗rising awareness and collective actions to
improve them‘ by the lake managers and decision makers in India.

Direct Link
Some link

Direct Link
Some link

II-What is
Happening in India
in Governance ?

I-What
is
happening in India
with the urban
lakes

Lake
Governance

Lake
Sustainability

Figure 2: The Research Triangle

The overarching research question set is:
What is currently happening with the urban lakes systems in India, in other words, How is the current lake
governance addressing the lake sustainability in India?
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The term ‗with‘ is implied to inside and outside, where inside refers to the ecological characteristics of the lake such
as the land, the water and the life encompassed in the lake; and outside refers to the social characteristics attached to
the lake such as the use of the lake, the users and the rules, i.e. the governance. The ecological and social
characteristics are intricately linked to what is referred as the social-ecological system. The linking of the socialecological sub-systems is considered as complex because of the presence of diverse problems and processes.
Harnessing complexity is difficult but not impossible and therefore understanding the complexity is worth trying for.
What is ‗actually done‘ to sustain (or not sustain) urban lakes is what urban lake governance is about. Understanding
the lake governance is the first step towards lake sustainability. What is sustained, how long is the plan to sustain
and why it is sustained is what urban lake sustainability is about. Integral to it is the issue of what value is preferred
by the community and the policy to sustain urban lakes. Finding the problems of urban lake sustainability is desired
through understanding however solving the problems, though is a pressing need, it is remotely attempted.
Some definitions are provided to establish a common vocabulary such as, urban lake, value, social-ecological
system, governance, rules, sustainability, and understanding. A lake is specifically characterized based on its
classifications of origin, geography, limnology, water quality, function, bio-diversity and management. Further, a
lake is spatially characterized by the lake bed (the water spread area), the lake shore (the water edge area) and the
lake catchment (the watershed area). The physical conditions of a lake are dependent on the things happening in the
lake shore and the catchment. Integral to the physical conditions is the material conditions of a lake, i.e. value. Lakes
perform several physical and social functions and the society uses those functions in the form of goods and services
and accordingly the society attaches value to it. The attached value gives a lake its identity. The value of lake is
driven by the society‘s need and preference from the lake functions. The value keeps changing over time making the
lakes vulnerable to change (Van Ast, et.al., 2013). For example, the stress of building on the urban lakes with the
change in the urban landscape and increasing demand for land. An important aspect related to it is the location of a
lake in the ‗urban‘ settings. The urban setting makes a lake different from rural or natural lake. The social and
ecological complexities to the lake are attributed to the urban settings.
A social-ecological system is an ecological system intricately linked with and affected by the social system within
which it is located, where an ecological system is defined as an interdependent system of biological characteristics
and a social system is defined as the interdependent relationships that humans form with each other (Anderies, et.al.,
2004). The important aspect is the linking of the social and ecological systems. The characteristics of the social and
ecological systems interact interdependently and each contains interactive subsystems (Ostrom, 2009). Urban lakes
bear characteristics of both the social and ecological systems and therefore are considered one kind of socialecological systems. Urban lakes are engineered hydrological (rainwater and wastewater) systems (like
infrastructure) with qualities of natural ecosystems (like wetlands) which makes them distinct in their ecological
characteristics. Urban lakes are socially constructed systems (like public open spaces) with qualities of geo-political
systems (like contested spaces between land and water, conservation and development). Sustaining and governing
them involves complex problems and processes. Solving the problems and predicting the outcomes of such complex
systems are challenging.
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Governance is part of the social-ecological system. It is separated for analytical purposes. It is viewed as an
empirical phenomenon with focus on how this phenomenon operates and can be understood. Governance
traditionally means the act of governing. Integral to it is ‗who‘ does what to whom on whose authority. Governance
is a process of interaction based on accommodation rather than domination. It manifests itself through formal and
informal interactions between local government officials, people, communities and other organizations. For decision
makers, governance means more when they are associated to common goods and to resolve common problems
(Tropp, 2006). They apply formal and informal rules to resolve problems and to sustain common goods. Governance
is specifically characterized by multiple organizations belonging to multiple administrative scales and levels, having
multi-faceted perception and objectives and supported with multiple resource basis, use multiple regulations,
strategies and instruments called rules (Bressers and Kuks, 2010) to perform multiple functions (McGinnis, 2011).
Urban lake governance is polycentric involving several organizations and regulations working independently and at
the same time working within a larger collective system towards urban lake sustainability (Nayaran and Venot,
2009). Governance of urban lakes is identified as the policy problem and desired policy aim. Understanding urban
lake governance is the research objective.
Sustainability has its roots in the notion of ecological sustainability (Lele, 1991) and it is referred in this manner
here. Sustainability means the maintenance of the existence of ecological conditions of a lake necessary to support
human wellbeing for the present and future society. Its reference to social and economic sustainability or sustainable
governance and sustainable management are considered secondary here. The important aspect is the ‗physical
existence‘ of lake which enables performing the lake functions that are indirectly linked to the social and economic
sustainability. Sustainability of urban lakes is identified as the societal problem and the desired societal aim.
Understanding urban lake sustainability is the research aim. Urban lake sustainability is the policy objective and the
objective of the organisations in the collective actions.
Understanding is what is known, what is thought and what is unknown. Also explicit in understanding are the
assumptions that lead to ask only certain questions or to filter results in a certain way. Understanding requires
comprehensive knowledge of both, the ecological and the social characteristics of the urban lake system.
Understanding urban lake sustainability and governance is the research strategy. There are three compounding
problems that make it difficult to fully understand the urban lake systems in India- the context that is the problems
of urbanization; the sustainability that is the problems of the lake per se; and the governance that is the problems of
the managers and the rules involved in urban lakes. In addition, the vast and diverse knowledge of urban lake
systems is divided by disciplines, sectors and regions which make it further difficult to fully understand the urban
lake systems.
Methodological foundation
What is understood depends on the approach through which the understanding is built. So, how to understand the
problems and processes of urban lake sustainability and governance is important. The social-ecological system
framework lays the methodological foundation of understanding the urban lake systems in India.
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Sustainability of urban lake requires governing efficiently the following minimum broad aspects: the lake itself, the
users of the lake, the uses of the lake and the rules for the lake, the users and the use and those who design the rules.
They are mostly governed independently owing to different physical characteristics and requirements for
sustainability. Trying to govern them in integrated manner makes urban lake management a complex process.
Governing the science of urban lakes is also complex owing to the different disciplinary boundaries of the scientific
languages associated with these aspects. These aspects are established and specialised fields in both the science and
policy. While specialised knowledge of different fields is crucial, an integrated knowledge of the overall is equally
important. There is an urge for integration of these fields in both the science and policy and several approaches are
attempted. Despite several multi-disciplinary approaches, the urban lake science and policy continue to struggle to
integrate which make the governance challenging and sustainability difficult to foresee.
There is now more stress on understanding the complex problems and processes of urban lake systems.
Understanding requires, first, systematic study of complex, multi-variable, non- linear, cross-scale, and changing
systems; integration of the vast and diverse available knowledge across disciplines, sectors and regions; and
common understanding and common framework of analysis among the researchers from diverse disciplines, sectors
and regions. Understanding systematically and scientifically requires an elaborate and simple analytical framework
that covers the important social and ecological characteristics of the urban lakes.
The social-ecological system framework is an emerging opportunity as a common framework of analysis. It is a step
towards building common understanding among the researchers, those who are interested to address the fundamental
questions about the complex problems and processes of any social-ecological system (Ostrom, 2009). It is also a
step towards bridging the division among the vast and diverse scientific disciplines and policy sectors and regions.
The social-ecological system framework (hereafter referred as SES) embeds the above as main characteristics of its
structure (refer figure 3). The structure of SES is composed of resource system, resource services and units,
governance system and actors as components of focal action situation that interact to generate outcome/s (discussed
more in chapter two). The interactions and outcomes are the processes happening at a place and in time. For analysis
it is referred as the focal action situation. They altogether are nested within particular social-economic-political
settings and related ecosystems that affect the nature of interactions between the main characteristics and produce
the outcomes accordingly. The characteristics are referred as variables in the SES. SES has its foundation in the
well-established Institutional Analysis Development (IAD) framework also developed by Ostrom (1990, 2005). In
the IAD, the focal action situation is about the action of the organizations/individuals involved in the governance
and the remaining characteristics were considered exogenous. The strength of the SES is that it considers both the
social as well as ecological characteristics as part of the focal action situation. However, this makes the analysis
complex. Analysing complex system is ought to be complex. We must acknowledge complexity and stop looking
for simple solutions to complex problems and processes (Ostrom 2009).
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Figure 3: Multitier Framework to analyse social-ecological systems

Source: Ostrom in Y673 lecture, 2011; McGinnis in TU Delft, 2010

SES is an elaborate methodological framework. It is helpful to analyze holistically the important characteristics of
social and ecological systems (and sub-systems) of a resource system and their interactions and outcomes in a given
setting where other related systems co-exist (Ostrom, 2009). The strength of SES also lies in the disparate numbers
of sub-variables (discussed more in chapter two and five) that are useful for systematic diagnosis of the structure and
outcomes of social-ecological systems; which makes it different from the other frameworks and archetypes to study
social and ecological systems. The sub-variables together form the ontology of the SES. The ontology allows
organizing the important characteristics of urban lake system into different categories. The sub-variables are useful
in developing better conceptual language and theories, in diagnosing policy problems, and in designing empirical
research (Ostrom, 2007). The sub-variables together influence positively the collective action towards sustainable
resource management.
SES is a generic framework based on the systems approach which means all the characteristics are linked in some
way or the other. The linkages are specific to analysis. The linkages and the research enquiries are constructed stage
wise based on the understanding developed about SES and urban lake systems. A diagnostic approach is taken to
understand the sustainability and governance of urban lakes through the variables and sub-variables of the SES. The
diagnosis involves three stages: exploring which characteristics constitute the urban lake system; describing what
characteristics contribute to the urban lake governance and sustainability; and explaining why those characteristics
influence the urban lake governance and sustainability (refer figure 4). The first stage involves a case study (with
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historical study) of urban lake system of Ahmedabad. The second stage involves case study (with field study) of
eight urban lakes (refer figure 1.ii). Through cumulative analysis of the cases, the patterns identified in the current
urban lake systems are: the collective action among various organizations and the improved lake condition (relative
to the year 2000). The third stage involves in-depth case study (with field study and survey) of Mansagar.

Figure 4: Research Framework and Overview of application of SES Framework

SES is a step towards developing a diagnostic method by organizing the variables (sub-variables) in a nested manner
for analyzing the desired interactions and outcomes (Ostrom, 2009). The structure of the SES guides the analyses of
the important social and ecological characteristics of the urban lake governance and sustainability at every stage
through digging, digging and further digging process. The analyses and findings are primarily organized based on
the patterns (Wilber and Harrison, 1978) observed in the variables (and sub-variables) and their linkages. The
patterns observed at each stage lead to the enquiry of the next stage as the diagnosis refers to digging further and
further with new findings. The three stages involved application, learning and further digging into the urban lake
system and the SES. It is a combination of abduction (in stage one), induction (in stage two) and deduction (in stage
three) (Moses and Knutsen, 2007). The diagnosis is predominantly interpretive (Schwartz- Shea and Yanow, 2012)
in nature within the broader purview of positivism (Haverland, 2010) following the SES foundation towards
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collective action and sustainable resource. The analyses and findings are narrated in a story-telling manner to make
the understanding more interesting.
The strength is in the process of building the understanding through exploring, describing and explaining ‗in simple
way‘, what is going on in the complex world of urban lake system. The three stages helped understanding the
complexity of the urban lakes systems as well as the complexity of organizing the science of urban lake systems. At
the end of each stage the SES is amended towards a conceptual framework for analyzing urban lake systems. A final
conceptual framework for analyzing urban lake systems is presented as the final outcome of the research. The
conceptual framework is expected to be useful for researchers and policy analysts those interested in doing
integrated works in urban lake systems using the social- ecological system approach. A conceptual theoretical model
is also constructed in the end to demonstrate the relationship between the governance and sustainability of urban
lake systems. The theoretical model demonstrates that the relationship between governance and sustainability is not
linear as the overly relied phenomena that good governance leads to good (sustainable) lakes; and that the
relationship results in different scenarios that are reaction to the events and disturbances happening in the social as
well as ecological sub-systems (discussed in chapter eight).
The analyses and findings confirm to the complexity of the urban lakes systems through the presence of the intricate
linkages that the several social and ecological characteristics have with each other within the defined urban lake
system; and with the related outside systems of the development characteristics and the larger whole system of the
ecological-social-economical-cultural-political context of the urban India. The analyses and finding confirms that
governance of such intricately linked social and ecological characteristics of the urban lakes is complex but not as
chaotic as it is looks. The analyses and findings also raise concern that urban lake sustainability requires serious
discussion, particularly in prioritizing the most desired value since the governance approach is determined by it.

Limitations of research
Setting the research aim is a normative question and not a scientific one. The aim for ‗sustainability‘ as endorsed by
the extensive research and policy is set as the research aim. However, what value of the lake to sustain and until
when to sustain is itself in contestation particularly the way urban lakes are under the pressure of urbanization. It is
difficult to find out whether urban lakes will be sustained for long and whether the value driven sustainability will
actually help to sustain the lake ecology in unclear. Further, a normative assumption of the linear causal relation that
good governance leads to good (sustainable) lake continued in analyzing collective action situation in Mansagar
restoration. The findings help to understand that the linkage between collection action and lake improvement builds
different scenarios and these scenarios are reaction to the events and disturbances occurring in the urban system such
as floods, diseases, water scarcity and that collection action is ‗just‘ a mechanism tried through coercion like
incentive of finding public-private-people partnerships. Full sustainability is ambitious and what governance strives
for is minimizing the problems and prolonging the deterioration.
Understanding is a continuous process and what is presented here is the tip of the iceberg of the available
knowledge; and certainly there is vast uncovered knowledge about urban lake sustainability and governance as well
as social-ecological systems. The attempt has been to look at the available knowledge in integrated manner using the
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social-ecological system approach. Although the SES allowed use of the different scientific languages in different
categories, it was difficult to fully integrate the different data languages for analysis for example, it became difficult
to establish link between the land-use data, water quality data, socio-economic data, and use pattern. It is also the
current challenge with the SES application, something that is also the challenge in research and practice. In addition,
applying too many sub-variables into the analyses is ambitious. At the same time, it is realized that the SES in its
full capacity is a convincing when researchers/experts from multi- disciplinary groups ‗strive to eliminate‘ interest
conflicts and find a way to show common results using a cross-analytical methods (see Liu, et.al. 2008).

Structure of the Manuscript
The manuscript provides a thorough and coherent review on the current situation of urban lake systems in India. It is
expected to be a guide to look at the important characteristics of urban lake sustainability and governance in India. It
focusses on the key characteristics of the SES framework to demonstrate the urban lake systems. Particular emphasis
is placed on analysing the different patterns that help drawing a model of urban lake governance in India. Each
chapter develops the main theoretical results and further analytical techniques necessary for understanding the
application of the SES framework. Throughout the manuscript, findings and analyses are presented in words, graphs,
figures, tables, boxes and annex. Moving through the patterns of interactions and outcomes in the urban lake
systems, the manuscript turns to the crucial questions on governance and sustainability of urban lakes in India. It
concludes with reflections on the application of the SES framework to understand urban lake systems and reflections
on the governance and sustainability of urban lakes in India.
The structure of the manuscript follows the research trajectory and the research framework of ‗approach to
understanding‘. The manuscript is divided into eight chapters including the Introduction. The structure of the book is
shown in figure 5. Chapter Two presents the foundation, structure and description of the social-ecological system
framework. It also includes description of the rules-in-use, design principles and institutional analysis development
framework which set the foundation for understanding the SES framework as they are instrumental in describing the
SES. The highlights of the chapter are why social-ecological thinking is necessary to solve complex system
problems; how SES framework embeds the rules-in-use, design principles and the institutional analysis development
framework; and the diverse applications of the SES framework so far.
Chapter Three presents the existing literatures in the field of bio-physical and material nature of lake; governance
and sustainability in general and of lakes keeping in alignment with the SES framework. It discusses the sophism
and fallacies of existing frameworks, theories, models, concepts to study urban lake systems. The highlight is the
vastness and diversity of knowledge about urban lakes, governance and sustainability. The chapter strengthens the
theoretical understanding of the individual aspects of any urban lake system. It also sets an argument for the need of
integrated studies of the social and ecological characteristics of lake.
Chapter Four presents the approach of doing the research. It describes the three stages through which the
understanding of urban lake systems is developed applying the social- ecological system framework. It includes
description of the method, case selection, diagnosis, and key findings of the three stages. The highlight is the
application of the SES as a methodological framework using an embedded case study method in three stages.
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Chapters Five, Six and Seven focus on the empirical analyses and the above mentioned three stages respectively.
The three empirical chapters include the contextual background of the selected cases and elaborate particularly on
the analyses and findings. Chapter Five is about: how to understand the social-ecological system framework? The
answer is achieved by exploring the meanings of the characteristics (called variables and sub-variables) that form
the structure of the social-ecological system framework. The highlight is the case study embedded with historic
study of urban lake system in Ahmedabad to explore the meanings of the SES sub-variables.
Chapter Six is about: what is the broad understanding of urban lake system in India? The answer(s) is achieved by
describing the characteristics that are important in current urban lake system governance and sustainability. The
highlights are the case study embedded with field study of eight lakes located in four cities; and the observed
patterns among the important characteristics through cumulative analysis of the studied eight lakes.
Figure 5: Research trajectory and structure of the manuscript

Chapter Seven is about: why is the urban lake system the way it is? The answer(s) is achieved by explaining the
influence (interactions and outcomes) of the important characteristics in urban lake system governance and
sustainability. A from the earlier eight is conducted. The highlights are the case study embedded with field study and
survey of Mansagar lake system; and the observed collective action and lake sustainability ncluding the
opportunities and challenges of the both, particularly if the presence of one guarantees the presence of the other, i.e.
collective action lead to lake sustainability or vice versa.
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Chapter Eight is the reflection on the new knowledge acquired in the social-ecological system studies. It includes
suggestions for the social-ecological systems framework in general and in particular to analyse urban lake systems.
It includes the construction of a multi-tier urban lake system framework to initiate discussions (and for future
research) on the need for an analytical framework (toolkit) for integrating, understanding and disseminating the vast
and diverse body of knowledge of urban lake systems. The conceptual framework is augmented with a theoretical
model to measure performance of urban lake sustainability and governance. The chapter concludes with the
improved understanding of urban lake sustainability and governance. It includes suggestions for improvements in
the urban lake governance in India and raises crucial questions on governance and sustainability of urban lakes in
India to provide a future direction to the urban lake studies in India.
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