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ABSTRACT:  

Sustainable development concept attained a momentum in the mid 1980’s emphasizing 
the need to maintain sustainability while meeting the basic requirements of the present 
generation. It became evident that human impacts in various parts of the world had 
become global ecological implications like deforestation of tropical forests potentially 
affected the global carbon, hydrological cycles and the global climate. Sustainable 
development of a region requires a synoptic ecosystem approach that relates to the 
dynamics of natural variability and the effects of human interventions on key indicators 
of biodiversity and productivity. Human interventions in the ecosystem have resulted in 
erosion of biodiversity in the recent past. The loss in biodiversity has been attributed to 
habitat loss and fragmentation of the natural landscapes. The ecological processes 
particularly affected by unplanned developmental activities include nutrient and 
hydrological cycles, normal regeneration, succession, etc. 

 

As a result of the development programme based on ad-hoc decisions, considerable 
changes in the structure and composition of the land use and land cover in the region 
have been very obvious during the last four decades. Pressure on land for agriculture, 
vulnerability of degraded ecosystems to the vagaries of  high intensity of rainfall and high  
occurrence of steep erosion and landslide-prone areas, lack of integrated and coordinated 
land use planning are some of the reasons for rapid depletion of the natural resource base. 
These changes have adversely affected the hydrological regime of river basins resulting 
in diminished river / stream flows. Frequent landslides damage the infrastructure and 



2 
 

threaten human lives. In this situation, in order to resolve present problems and to avoid a 
future crisis, a comprehensive assessment of land use changes, its spatial distribution and 
its impact on hydrological regime is required and accordingly, appropriate remedial 
methods should be employed for the sustainable utilization of the land and water 
resources of the catchment. 

Land use changes, Landscape dynamics and Landscape characterisation have been 
analysed from patch to river basin level (and at lake catchment levels in an urban 
environment)  to understand the temporal changes due to developmental activities in the 
watershed.  Landscape analysis showed that the indices of shape, richness and diversity 
provided an additional evaluation of land cover spatial distribution within the complex 
mountain landscape. The landscape analysis has provided an outline of the degree of 
propagation of the disturbance from the non-biotic sources and fragmentation. It is 
revealed that fragmentation has caused loss of connectivity, hydrological connectivity, 
ecotones, corridors and the meta-population structure. Understanding landscape dynamics 
has become an important component of ecosystem management as it quantifies the 
relationship of structural and functional components at various scales. This includes 
hydrology, biodiversity, ecology and many sub-divisions within. Forest conservation, 
restoration and management require the knowledge of ecological conditions and 
landscape dynamics. The remote sensing data in conjunction with GIS and GPS helped in 
landscape characterization and in understanding its linkages with hydrology and ecology.  
 
Keywords: Ecology, Biodiversity, Hydrology, Land Cover, Sustainable 

Development, Geographic Information System (GIS), Remote Sensing 

 
INTRODUCTION  
 
Water is essential to sustain life on earth and the presence of it determines how and where 
humans are able to live, which makes water an important component. Socio-economic 
development of a region depends on water availability. When the availability of water is 
introduced, which varies with time and space, it is possible to understand that water is a 
truly extraordinary substance worthy of study at great length. The study dealing with 
space-time characteristics of the quantity and quality of the water on earth, encompassing 
their occurrence, movement, distribution, circulation, storage, exploitation and 
management is termed as hydrology. The relation of water to the earth determines these 
characteristics (Vijay Kulkarni and Ramachandra, 2006, Vijay P Singh, 2000) and 
requires intensive investigations. Non-standard seasonal distributions of 
hydrometeorological parameters, their fluctuations from region to region and from basin 
to basin make the water resources planning endevaour difficult.  In studying hydrology, 
the most common spatial unit of consideration is the river basin or catchment or the 
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watershed. The area of land from which water flows towards a river and then to the sea is 
watershed. River basin thus presents a spatial unit to consider how water is moving about 
and distributed with respect to time.  
 
Most of the water that circulates within the biosphere today originated through volcanic 
outpourings of steam from deep within the earth.  The total available water at the earth’s 
surface amounts to about 1.4 billion cubic kilometers, of which more than 97.5% is in the 
oceans, which covers 71% of the earth's surface. Wetlands are estimated to occupy nearly 
6.4% of the earth's surface. Of those wetlands, nearly 30% is made up of bogs, 26% fens, 
20% swamps, and 15% flood plains. Of the earth's fresh water, 69.6% is locked up in the 
continental ice, 30.1% in underground aquifers, and 0.26% in rivers and lakes. In 
particular, lakes are found to occupy less than 0.007% of world's fresh water. This 
amount of water is found in lakes, rivers, reservoirs, and those underground sources that 
are shallow enough to be tapped at an affordable cost. Only this amount is regularly 
renewed by rain and snowfall, and is therefore available on a sustainable basis. 
 
Hydrological cycle is a conceptual model, which gives how water moves around between 
the earth and the atmosphere in different states as gas, liquid, or solids (David R 
Maidment, 1992). Water is evaporated from bodies of water and land surface, transpired 
from plants as vapor in to the atmosphere. It is transported in to the atmosphere to a 
location where water vapor is condensed and falls as precipitation on earth surface and 
water bodies. Some fraction of precipitation gets evaporated during the process, some 
portion is intercepted and transpired by the vegetation, some part gets infiltrated and later 
percolates in to the aquifers and the remaining flows as surface runoff, which eventually 
join the seas/ oceans. There are different scales that the hydrological cycle can be viewed 
at, global hydrological cycle and river basin hydrological cycle (Ramachandra, 2006).  
 
From a global perspective, the hydrological cycle comprises of three major systems: the 
ocean as the major source of water, the atmosphere as the deliverer of water, and the land 
as the user of water. In this cycle there is no gain or lose of water, but the amount of 
water available to the user may fluctuate because pf variation at the sources or in the 
delivering system. The cycle of water movement is a closed system on a global basis but 
an open system on a local basis. Water movement on a local basis or based on river basin 
considers land system, subsurface system, and the aquifer system [Vijay P Singh, 2000].  
Precipitation, surface runoff, infiltration, and evapotranspiration are the dominant 
processes transmitting water to land system. Land system is further sub-divided into 
vegetation, structural, and soil subsystems. These subsystems abstract water through 
interception, depression, and detention storage where by water is either lost to the 
atmospheric system or subsurface system. The component of the hydrological cycle are 
propitiation, runoff (surface runoff, subsurface, runoff or interflow, and ground water 
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runoff or base flow), evaporation, transpiration, infiltration, percolation, seepage, 
interception, and moisture storage over and below the land surface. 
 
1. LAND COVER DYNAMICS AND HYDROLOGY: SHARAVTHI 

RIVER BASIN  
 
Land cover and land use analyses was done using remote sensing data as well as 
collateral data. Geographic Information System (GIS) has been used for integrating 
remote sensing data with collateral data. Supervised classification approach using 
Gaussian maximum likelihood classifier is used for classification of remote sensing data. 
This is done by collecting a training data (GCP) from the study area and GCP’s were 
uniformly distributed all over the study area. Normalized Difference Vegetation Index 
(NDVI) is the most commonly used Vegetation Index (VI) for land cover analyses. The 
results show that area not under vegetation ranges from 39 % - 46 % while area under 
vegetation ranges from 54 % - 61 % in the Sharavathi basin. Land-use change is 
significant to a range of themes and issues central to the study of cumulative impact 
assessment. The alterations it effects in the surface of the earth hold major implications 
for sustainable development and livelihood systems. Land-use change analyses help to 
understand  (i) the driving forces (exogenous variables) of land use as they operate 
through the land manager; (ii) the land-cover implications of land use; (iii) the spatial and 
temporal variability in land-use/cover dynamics; and (iv) impacts on biodiversity and 
ecosystem functioning.  Land use analyses of the upper river basin show that 25% of the 
area is under  moist deciduous,  followed by category II (21%, consisting of grass land, 
scrub, cultivable waste) , evergreen to semi-evergreen (16%), plantations (9.7%), 
agriculture (8.5%), water body (7.1%), class I (7.14%, habitation, roads, rocky area, etc.) 
and dry reservoir bed (5.4%). Table 1 shows that Nandiholé, Haridravathi, Mavinaholé 
and Sharavathi sub basins have moist deciduous forest ranging from 25.03 – 41.62 % of 
the area  while evergreen type forest is very less in percentage, i.e.3.31 –19.16 %. 
Contrary to this result, it is found that Hilkunji, Nagodi, Huruliholé and Yenneholé sub 
basins contain good evergreen to semi-evergreen forests ranging from 32.78 – 52.14% of 
the area compared to moist deciduous forest, which ranges from 16.58 –27.91% 
(Ramachandra et al., 2007)  
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Figure 1:  LOCATION MAP- STUDY AREA 
 

Sharavathi River Basin  
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Table 1 : Sub basin-wise and category-wise land use pattern in Upstream. 
 

Locality Class1% Class2% Sevg% Moistd% Plant% Water% Agri%
Study area 7.14 20.96 16.16 25.03 9.74 7.13 8.49 
Nandiholé 11.14 30.56 3.31 38.12 5.52 0.01 11.33 
Haridravathi 13.86 31.91 2.28 28.17 5.58 0.02 18.19 
Mavinaholé 11.60 24.68 4.37 41.62 7.88 0.03 9.81 
Sharavathi 12.49 20.41 19.16 22.95 14.66 0.0 10.33 
Yenneholé 10.10 14.86 37.89 19.76 15.80 0.14 1.37 
Huruliholé 7.56 18.17 32.78 27.91 10.74 0.88 1.97 
Nagodi 7.46 9.07 52.14 16.58 13.66 0.01 1.08 
Hilkunji 5.57 12.96 43.27 22.46 11.56 0.0 4.18 
Dry water reservoir bed = 5.36%, Class1=Habitation, road, rocky area, construction,  
Class2=grass land, scrub ,cultivable waste, and  Plantation= acacia , areca. 
 

Figure 2: Sharavathi River Basin, Western Ghats 
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It was found that the western part of the study area, which contains  Nagodi, Huruliholé 
and Yeenaholé sub basins and south-east side having Sharavathi and Hilkunji sub-basins 
have less human intervention compared to the eastern part (Nandiholé, Haridravathi and 
Mavinaholé sub-basins). Western and south-eastern parts have more rugged topography 
with elevations ranging from 580 –1100 meters. Compared to this, the eastern side is 
more or less flat and gentle sloping terrain with rolling hills having elevation in the range 
of  600 –780 meters. This part has high degree  of  human activities. Figure 3 depicts the 
sub basins with drainage density and corresponding stream flow (run off) is given in 
Table 2.  

 
Figure 3: Drainage density in Linganamakki catchment area 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 2: Stream flow data for 8 streams in the Linganamakki catchment. 

 

Stream Location 
Stream flow measurement 

(Discharge m3/sec) 
Stream Grading* 

  Oct. Nov. Dec. Jan  
Nandiholé  Northeast 01.23 03.68 0.09 0 D 
Haridravat
hi 

East 16.23 03.02 0.46 0 D 

Mavinahol
é 

East 05.93 03.00 0.44 0 D 

Sharavathi Southeast 26.73 5.83 1.08 0.964 C 
Hilkunji Southeast 46.27 10.64 2.64 1.67 B 
Nagodiholé West 22.56 4.84 1.90 1.42 A 
Hurliholé West 06.30 1.37 0.78 0.661 A 
Yenneholé West NM 13.40 1.81 1.68 A 
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It is found that western side sub-basins (Nagodiholé, Huruliholé, Yenneholé) have rain 
fall ranges from 4500-6500 mm and their stream flow is quite high having grade of A. 
South east region (Sharavathi, Hilkunji) has rain fall of around 5000mm with stream flow 
moderate to high having grading of B-C. Finally sub-basins of eastern side (Nandiholé, 
Haridravathi and Mavinaholé) have rain fall of 1400-3000 mm which is very less and 
their stream flow is also quite low, graded C-D. Field data from sample plots and 
subsequent remote sensing data analyses reveal that the western side and south-east 
region are dominated by evergreen to semi-evergreen vegetation. Drainage network 
analyses reveal higher drainage density and rainfall analyses reveal high intensity rainfall. 
Classified image and transect based field investigations show large number of evergreen 
species and endemic species of trees towards western and south-eastern parts of study 
area. From this analyses, it is evident that vegetation, rainfall and land use are correlated. 
Occurrence of evergreen to semi-evergreen vegetation  rich in endemic species is 
naturally correlated with higher rainfall and perennial streams.  
 
This study highlights the need for adopting higher standards in environmental 
management, which should include  conservation, restoration and management strategies 
for natural ecosystems, like the restitution of corridors of animal migration and 
improving the quality of aquatic ecosystems and terrestrial ecosystems surrounding the 
reservoir. The outcome of the study is also a substantial addition to the current 
benchmark database on existing biodiversity and ecology of the Sharavathi River Valley 
(Ramachandra et al., 2007).  
 
2. LANDUSE PLANNING AND URBAN GOVERNANCE 
Urban areas contribute significantly to the national economy (about 50 to 60 percent of 
gross domestic product) in India, while facing critical challenges in ensuring access to 
basic services and necessary infrastructure, both social and economic. The overall rise in 
population of urban poor or increase in travel times owing to congestion in road networks 
are indicators of the performance of planning and governance in assessing and catering to 
the demand. Agencies of governance at all levels: local bodies, State and Central 
governments are facing the brunt of this rapid urban growth. It is imperative for planning 
and governance to systematically facilitate, augment and service the requisite 
infrastructure over time.  The urban governance is characterised by an urban local body 
and numerous parastatal agencies responsible for delivery of services and ensuring access 
to basic amenities and infrastructure. On the supply side, the urban local body along with 
the parastatal agencies is responsible for allocating resources to the residents and creates 
a favorable ecosystem for conducting the businesses. In a typical case, the urban local 
body being the elected body has the greater onus and powers to administer, plan and 
regulate the delivery of services and allocation of resources. Although the Parastatal are 
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primarily responsible for the delivery of services and ensuring access to resources, they 
are not directly answerable to the citizens, but only to the State government. Since, they 
are managed by the State government the urban local bodies have little say in the 
function of these bodies while the actions of the Parastatal directly affect other 
stakeholders of the city. Constitutionally, the urban local bodies are supposed to be 
vested with adequate powers and mechanisms to carry out all the functions and activities  
of the parastatal organisations. In most large urban local bodies, the State has not 
devolved adequate powers to these bodies and thus manages the activities through 
creation of parastatal organisations. In certain cities, with the dissolution of the body of 
elected representatives, the State government is wresting control over the same. 
Eventually, the State government assumes the role of planning and governing the city. 
Although the governance by the locally elected body is absent, nevertheless, the urban 
local body has the primary responsibility to deliver basic amenities and ensure access to 
resources and infrastructure. Planning refers to formulating the roadmap towards 
achieving the objectives for promoting development. Normally planning refers to the 
prevalent land-use planning or spatial planning as practiced by the State. However, 
planning also concerns the formulation of policies and programs towards economic 
development, apart from land-use planning for promoting sustainable urban development. 
In the context of sprawl, land-use planning plays a very important role in limiting the 
extent of outgrowth by zoning and notifying areas for future growth. The forecast and 
allocation of land-uses to the expected demand for housing, industrial, commercial, and 
retaining open spaces are considered in land-use zoning. Thus, planning here restricts to 
land-use planning only. However, the effectiveness of land-use planning in its effort to 
manage urban sprawl rests on the goals of planning and policies therein. Noting the 
importance of land-use planning, the State or city governments either own planning 
functions or facilitate appropriate organisation structure to oversee that. The performance 
of planning can be measured by the presence of formal structures (with or without State 
capture), publication of master plans (process of preparation, periodicity of publication 
and its enforcement) and community participation in planning. With the presence of 
parastatal planning agencies formally called as Development Authorities, planning 
function too is in a situation of State-capture. However, in certain cities, the functions of 
water supply and sanitation rests with the urban local body, but for the rest, they are with 
parastatal agencies. 
 

3. LANDUSE DYNAMICS WITH HYDROLOGY AND ECOLOHY: CASE 
OF  URBANISATION IN BANGALORE 

The extent of outgrowth or the sprawl is measured primarily through the amount of paved 
surface extending beyond the municipal boundaries. In the recent times, the extent of 
outgrowth has been also fuelled by speculative land market dynamics in the periphery of 
the city. The outgrowth beyond the municipal limits are also aided by minimal or no 
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restrictions on building guidelines. Thus, the outgrowths are marked by the process of 
land-use changes. However, it is important to characterise these outgrowth and forecast 
such outgrowth by the local governments to systematically ensure the delivery of services 
and attempt planned development in these regions. The study unravels the pattern of 
growth in Greater Bangalore with driving factors and its implication on the natural 
resources (water, vegetation, energy), ecology and also on local climate, necessitating 
appropriate strategies for the sustainable management. Urbanisation has telling influences 
on the natural resources evident from the sharp decline in number of water bodies and 
also from depleting groundwater table. 
 
Consequences of urbanisation and urban sprawl: Urbanisation has telling influences 
on the natural resources evident from the sharp decline in number of water bodies and 
also from depleting groundwater table. Major consequences of unplanned urbanization 
(Ramachandra and Uttam Kumar 2010) are: 

 Floods: Common consequences of urban development are increased peak discharge 
and frequency of floods as land is converted from fields or woodlands to roads and 
parking lots, it loses its ability to absorb rainfall. Conversion of water bodies to 
residential layouts has compounded the problem by removing the 
interconnectivities in an undulating terrain. Encroachment of natural drains, 
alteration of topography involving the construction of high rise buildings, removal 
of vegetative cover, reclamation of waterbodies are the prime reasons for frequent 
flooding even during normal rainfall post 2000. Mitigation of episodes of floods in 
Bangalore entails the removal of encroachments – lakebeds, natural drains open 
spaces in Bangalore  

 Loss of aquatic ecosystems:  Urbanisation has telling influences on the natural 
resources evident from the sharp decline in number of water bodies and also from 
depleting groundwater table. Figure 4 illustrates the rapid urbanization process in 
Bangalore and consequent loss of aquatic ecosystems (79 % decline during 1973-
2010 in the erstwhile Bangalore city limits) and vegetation (75% decline). With 
632% increase in builtup area (Ramachandra and Uttam Kumar, 2008)  

 Decline in groundwater table: Studies reveal the removal of waterbodies has led 
to the decline in water table. Water table has declined to 300 m  from 28 m over a 
period of 20 years after the reclamation of lake with its catchment for commercial 
activities. Also, groundwater table in intensely urbanized area such as whitefield, 
etc. has now dropped to 400 to 500m.  

 Increased carbon footprint: Due to the adoption of inappropriate building 
architecture, the consumption of electricity has increased in certain corporation 
wards drastically. The building design conducive to tropical climate would have 
reduced the dependence on electricity. Higher energy consumption, enhanced 
pollution levels due to the increase of private vehicles, traffic bottlenecks have 
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contributed to carbon emissions significantly. Apart from these, mismanagement of 
solid and liquid wastes has aggravated the situation.  

 
Figure 4: Greater Bangalore in 1973, 1992, 1999, 2000, 2009 

 
 

 Heat island: Surface and atmospheric temperatures are increased by anthropogenic 
heat discharge due to energy consumption, increased land surface coverage by 
artificial materials having high heat capacities and conductivities, and the associated 
decreases in vegetation and water pervious surfaces, which reduce surface 
temperature through evapotranspiration. Historical records show that maximum 
temperature of Bangalore in 1830  was in the range 16-18 ºC. Today the 
temperature has reached 34-36 ºC, which is mainly due to drastic changes in land 
cover. During the past two decades Bangalore has seen an increase of 2- 2.5 ºC.  

 
8 transacts were laid across the city in different directions (north [N], north-east [NE], 
east [E], south-east [SE], south [S], south-west [SW], west [W] and north-west [NW]) 
and Land surface temperature (LST) was analysed as shown in figure 5. Table 3 gives the 
LST Mean and SD in various directions. LST were computed from Landsat TM and 
ETM thermal bands. The minimum and maximum temperature from Landsat TM data of 
1992 was 12 and 21 with a mean of 16.5 and standard deviation (SD) of 3.26 while for 
ETM+ data was 13.49 and 26.32 with a mean of 21.75 and SD of 2.3. MODIS Land 
Surface Temperature/Emissivity (LST/E) data with 1 km spatial resolution with a data 
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type of 16-bit unsigned integer were multiplied by a scale factor of 0.02 as provided in 
MODIS LST/E manual (http://lpdaac.usgs.gov/modis/dataproducts.asp#mod11). The 
corresponding temperatures for all data were converted to degree Celsius (Ramachandra, 
Uttam Kumar, 2009a, 2009b and 2010). 

  

 
 
Figure 5: Transect lines superimposed on Greater Bangalore boundary. 

  
Direction Mean LST SD 
N 21.30 2.39 
NE 22.15 2.22 
E 21.01 2.47 
SE 21.34 2.30 
S 21.71 2.07 
SW 22.19 1.92 
W 22.97 1.72 
NW 22.07 2.25 

 
Table 3: LST Mean and SD in various directions. 
 

The temperature profile was further analysed by overlaying the LST map on the Baye’s 
classified map to visualise the effect of vegetation, builtup, water bodies and open 
ground. The temperature profile plot fell below the mean when a vegetation patch or 
water body was encountered on the transact beginning from the center of the city and 
moving outwards along the transact. The corresponding graphs are shown in figure 6. 
The major natural green area and water bodies responsible for temperature decline are 
marked with circle. 
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Figure 6: X axis – Movement along the transact from the city centre (Refer figure 
5), Y axis - Temperature in celcius. Temperature profile in north, northeast, east, 
southeast, south, southwest, west and north west. 
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Recommendations: The suggestions for conserving and managing wetlands are based on 
recommendations of the Brainstorming session for evolving the strategies for the 
conservation and management of lakes was organized on 26th Sept 2009 at Centre for 
Infrastructure, Sustainable Transport and Urban Planning [CiSTUP], Indian Institute of 
Science. This Brainstorming session was organized jointly by The Energy and wetlands 
Research Group at Centre for Ecological Sciences, Centre for Sustainable Technologies 
and Centre for Infrastructure, Sustainable Transport and Urban Planning [CiSTUP], 
Indian Institute of Science.  The August forum discussed the recommendations of Lake 
Symposiums (Lake 2008, Lake 2006, Lake 2004, Lake 2002, LimGIS 2001, Lake 2000, 
1998 symposium) apart from discussing the draft notification of the Regulatory 
Framework for Wetlands Conservation of The Ministry of Environment and Forests, 
Government of India. As a part of the Brain storming session a panel discussion was held 
and the key recommendations (Ramachandra, 2009a and b) are: 
 
1. Carrying capacity studies for all macro cities: Unplanned concentrated 

urbanisation in many cities has telling impacts on local ecology and biodiversity, 
evident from decline of waterbodies, vegetation, enhanced pollution levels (land, 
water and air),  traffic bottlenecks, lack of appropriate infrastructure, etc. There is a 
need to adopt holistic approaches in regional planning considering all components 
(ecology, economic, social aspects).  In this regard, this forum recommends carrying 
capacity studies before implementing any major projects in rapidly urbanizing macro 
cities such as Greater Bangalore, etc. 

2. Demarcation of the boundary of water bodies: The existing regulations pertaining 
to boundary demarcations within different states need to be reviewed according to 
updated norms and based on geomorphology and other scientific aspects pertaining to 
individual water bodies. Maximum Water Level mark should form the boundary line 
of the water body. In addition, a specified width, based on historical records/ survey 
records etc. may be considered for marking a buffer zone around the water body. In 
case such records are not available, the buffer zones may be marked afresh 
considering the flood plain level and also maximum water levels. The width of the 
buffer zone should be set considering the geomorphology of the water body, the 
original legal boundaries, etc. The buffer zone should be treated as inviolable in the 
long term interests of the water body and its biodiversity.  

• The existing regulations pertaining to boundary demarcations within different 
states need to be reviewed according to updated norms and based on 
geomorphology and other scientific aspects pertaining to individual water 
bodies.  

• Maximum Water Level mark should form the boundary line of the water 
body. 

• In addition, a specified width, based on historical records/ survey records etc. 
may be considered for marking a buffer zone around the water body. In case 
such records are not available, the buffer zones may be marked afresh 
considering the flood plain level and also maximum water levels.  

• The width of the buffer zone should be set considering the geomorphology of 
the water body, the original legal boundaries, etc.  
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• The buffer zone should be treated as inviolable in the long term interests of 
the water body and its biodiversity. 

• Declare and maintain floodplains and valley zones of lakes as no activity 
regions  

• Remove all encroachments – free flood plains, valley zones, storm water 
drains, etc. of encroachments of any kind. 

• Ban conversion of lake, lake bed for any other purposes. 
• Urban wetlands, mostly lakes to be regulated from any type of encroachments. 
• Regulate the activity which interferes with the normal run-off and related 

ecological processes – in the buffer zone (200 m from lake boundary / flood 
plains is to be considered as buffer zone) 

3. Mapping of water-bodies: The mapping of water bodies should also include smaller 
wetlands, particularly hill streams, Myristica swamps of the Western Ghats, springs 
etc. The neglect of these hydrological systems could cause considerable 
impoverishment of water flow in the river systems as well as turn out to be threats to 
rare kinds of biodiversity. As most of the streams originate in forest areas they come 
under the legal authority of the forest departments. At the same time the waters of 
many of these streams are being diverted for private uses. This causes diminished 
water flow especially in the non Himalayan Rivers during the summer months. A 
judicious water sharing mechanism has to be worked out at the local level taking into 
account also the broader national interest as well as conservation of dependent 
biodiversity. The mapping of these smaller water-bodies, along with their catchments 
needs to be conducted involving also the local Biodiversity Management Committees. 
The jurisdictional agreements on the water usage and watershed protection need to be 
arrived at on a case to case basis involving all the stakeholders. 

 Spatial Extent of Water bodies 
 Spatial extent of  its catchment (watershed/basin) 
 Demarcate Flood plains 
 Demarcate buffer zone – with a list of regulated activities 
 Land cover in the catchment 
 Ensure at least 33% of land cover is covered with natural vegetation (to 

ensure  the lake perennial) 
 Identify the natural areas in the catchment 
 Biodiversity inventory – capture entire food chain 
 The jurisdictional agreements on the water usage and watershed protection 

need to be arrived at on a case to case basis involving all the stakeholders. 
 Develop a comprehensive database (spatial with attribute information) 
 Identify and demarcate the region around the lake where all activities are 

to be prohibited (Flood plain) 
 The biodiversity of every water body should form part of the Biodiversity 

Registers (BR). 
 The local Biodiversity Management Committees (BMC) should be given 

necessary financial support and scientific assistance in documentation of 
diversity. 

 The presence of endemic, rare, endangered or threatened species and 
economically important ones should be highlighted. 
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 A locally implementable conservation plan has to be prepared for such 
species. 

4. Holistic and Integrated Approaches – Conservation and Management: 
Integration of   the activities with the common jurisdiction boundaries of Government 
para-statal Agencies for effective implementation of activities related to management, 
restoration, sustainable utilization and conservation. This  necessitates:  

• Common Jurisdictional boundary for all para-statal agencies 
• To minimise the confusion of ownership – assign the ownership of all natural 

resources (lakes, forests, etc.) to a single agency – Lake Protection and 
Management Authority (or Karnataka Forest Department). This agency shall 
be responsible for protection, development and sustainable management of 
water bodies). 

• Custodian  shall manage  natural resources  - let that agency have autonomous 
status with all regulatory powers to protect, develop and manage water bodies. 

• All wetlands to be considered as common property resources and hence 
custodians should carefully deal with these ensuring security. 

• Management and maintenance of lakes to be decentralised involving 
stakeholders, local bodies, institutions and community participation without any 
commercialization or commoditization of lakes.  

• Integrated aquatic ecosystem management needs to be implemented to ensure 
sustainability, which requires proper study, sound understanding and effective 
management of water systems and their internal relations. 

• The aquatic systems should be managed as part of the broader environment and 
in relation to socio-economic demands and potentials, acknowledging the 
political and cultural context. 

• Wetlands lying within the protected area of National Parks and Wildlife 
Sanctuaries shall be regulated under the Wildlife Protection Act, 1972. 
Wetlands lying within the notified forest areas shall be regulated by the Indian 
Forest Act, 1927 and the Forest Conservation Act, 1980; and the relevant 
provisions of the Environment (Protection) Act, 1986. The Wetlands outside 
protected or notified forest areas shall be regulated by the relevant provisions of 
the Environment (Protection) Act, 1986. 

• Immediate implementation of the regulatory framework for conservation of 
wetlands by the Ministry of Environment and Forests, GOI. 

• Formulation and implementation of the National wetlands policy both at state 
and at national levels. 

• Socio-economic studies & land use planning in & around the lakes can help in 
providing ecological basis for improving the quality of lakes. 

• Prohibit activities such as conversion of wetlands for non-wetland purposes, 
dumping of solid wastes, direct discharge of untreated sewage, hunting of wild 
fauna, reclamation of wetlands. 

• Maintain Catchment Integrity to ensure lakes are perennial and maintain at least 
33% land cover should be under  natural Vegetation.  

• Plant native species of vegetation in each lake catchment. 
• Create new water bodies considering the topography of each locality. 
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• Establish laboratory facility to monitor physical, chemical and biological 
integrity of lakes. 

• Maintain physical integrity - Free storm water drains of any encroachments. 
Establish interconnectivity among water bodies to minimise flooding  in certain 
pockets . The process of urbanization and neglect caused disruption of linkages 
between water bodies such as ancient lake systems of many cities. Wherever 
such disruptions have taken place alternative arrangements should be provided 
to establish the lost linkages. 

• Encroachment of lake beds by unauthorized /authorized agencies must be 
immediately stopped. Evict all unauthorized occupation in the lake beds as well 
as valley zones. 

• Any clearances of riparian vegetation (along side lakes) and buffer zone 
vegetation (around lakes) have to be prohibited 

• Penalise polluters dumping solid waste in the lake bed. 
• Implement polluter pays principle for polluters letting liquid waste in to the lake 

either directly or through storm water drains. 
• Lake privatised recently to be taken over and handed over to locals immediately 

thus restoring the traditional access to these lakes by the stakeholders. 
• Restore surviving lakes in urban areas strengthening their catchment area and 

allowing sloping shorelines for fulfilling their ecological function. 
• Alteration of topography in lake / river catchments should be banned. 
• Appropriate cropping pattern, water harvesting, urban development, water 

usage, and waste generation data shall be utilized and projected for design 
period for arriving at preventive, curative and maintenance of aquatic ecosystem 
restoration action plan (AERAP).  

• Desilting of lakes for removal of toxic sediment, to control nuisance 
macrophytes; further silting in the catchment be checked by suitable 
afforestation of catchment areas and the provision of silt traps in the storm water 
drains. 

• Maintaining the sediment regime under which the aquatic ecosystems evolve 
including maintenance, conservation of spatial and temporal connectivity within 
and between watersheds.   

• Conversion of land around the lakes particularly in the valley zones and storm 
water drains for any kind of development must be totally banned. 

• Flora in the catchment area should be preserved & additional afforestation 
programmes undertaken. 

• Check the overgrowth of aquatic weeds like Eichhornia, Azolla, Alternanthera 
etc. through manual operations. 

• Aquatic plants greatly aid in retarding the eutrophication of aquatic bodies; they 
are the sinks for nutrients & thereby play a significant role in absorption & 
release of heavy metals. They also serve as food and nesting material for many 
wetland birds. Therefore, knowledge of the ecological role of aquatic species is 
necessary for lake preservation.  

• Adopt biomanipulation (Silver carp and Catla– surface phytoplankton feeders,  
Rohu – Column zooplankton feeder Gambusia and Guppies – larvivorous fishes 



18 
 

for mosquito control),aeration, shoreline restoration (with the native vegetation) 
in the management of lakes.  

• Environmental awareness programmes can greatly help in the protection of the 
water bodies. 

 Government   Agencies, Academies, Institutions and NGO’s must co-ordinate grass-
root level   implementation of policies and activities related to conservation of lakes 
and wetlands (both Inland and Coastal), their sustainable utilization, restoration and 
development including human health.  There is also a need for management and 
conservation of aquatic biota including their health aspects. Traditional knowledge 
and practices have to be explored as remedial measures. Cost-intensive restoration 
measures should be the last resort after evaluating all the cost-effective measures of 
conservation and management of the wetlands. 

 A National Committee be constituted consisting of Experts, Representatives of 
Stakeholders (researchers, industrialists, agriculturists, fishermen, etc.) and Line 
Agencies, in addition to the existing Committee(s), if any, in order to evolve policies 
and strategies for reclamation, development, sustainable utilization and restoration of 
the wetlands and socio-economic development of the local people. 

 At regional level, Lake Protection and Management Authority (LPMA) with 
autonomy, corpus funds from plan allocations of state and center and responsibility 
and accountability for avoiding excessive cost and time over runs. LPMA shall have 
stakeholders-representatives from central and state and local body authorities, NGO’s 
and eminent people and experts shall be constituted  

 Generous funds shall be made available for such developmental works through the 
National Committee, as mentioned above.  Local stakeholders be suggested to 
generate modest funds for immediate developmental needs in the aquatic systems in 
their localities. 

 Provisions be made for adoption of lakes and wetlands by the NGO’s and Self-help 
groups for their conservation, management, sustainable utilization and restoration. 

 Aquatic ecosystem restoration works taken up by any agency, Govt. or NGO’s should 
have 10% of restoration costs (per annum) spent or set off for creating awareness , 
research and monitoring compulsorily in future. 

 Public education and outreach should be components of aquatic ecosystem 
restoration. Lake associations and citizen monitoring groups have proved helpful in 
educating the general public. Effort should be made to ensure that such groups have 
accurate information about the causes of lake degradation and various restoration 
methods. 

5. Documentation of biodiversity: The biodiversity of every water body should form 
part of the School, College, People’s Biodiversity Registers (SBR, CBR, PBR). The 
local Biodiversity Management Committees (BMC) should be given necessary 
financial support and scientific assistance in documentation of diversity. The presence 
of endemic, rare, endangered or threatened species and economically important ones 
should be highlighted. A locally implementable conservation plan has to be prepared 
for such species. 
• All kinds of introduction of Exotic species and Quarantine measures be done in 

consultation with the concerned Authorities and the data bank 
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• There is an urgent need for creating a `Data Bank’ through inventorisation and 
mapping of the aquatic biota.   

• Identify water bodies of biodiversity importance and declare them as wetland 
conservation reserves (WCR) 

6. Preparation of management plans for   individual water bodies: Most large water 
bodies have unique individual characteristics. Therefore it is necessary to prepare 
separate management plans for individual water bodies. 
• Greater role and participation of women in management and sustainable 

utilisation of resources of aquatic ecosystems. 
• Impact of pesticide or fertilisers on wetlands in the catchment areas to be checked. 
• Regulate illegal sand and clay mining around the wetlands. 

7. Implementation of sanitation facilities: It was noted with grave concern that the 
water bodies in most of India are badly polluted with sewage, coliform bacteria and 
various other pathogens. This involves:  
• Preserving the purity of waters and safeguarding the biodiversity and 

productivity, dumping of waste has to be prohibited; 
•  In addition to this, all the settlements alongside the water body should be 

provided with sanitation facilities so as not to impinge in anyway the pristine 
quality of water. 

8. Management of polluted lakes:  This programme needs priority attention. This 
involves: 
• Implementation of bioremediation method for detoxification of polluted water 

bodies.  
• The highly and irremediably polluted water bodies may be fenced off to prevent 

fishing, cattle grazing and washing, bathing and collection of edible or medicinal 
plants to prevent health hazards.  

• Warning boards should be displayed around such water bodies.  
• Collection of any biomaterials from such water bodies should be prohibited. 
• Based on the concept of polluter pays, a mechanism be evolved to set up 

efficient effluent treatment plants [ETP], individual or collective, to reduce the 
pollution load. Polluting industries be levied Environmental Cess, which can be 
utilised for conservation measures by the competent authorities. A `waste audit’ 
must be made compulsory for all the industries and other agencies. 

9. Restoration of lakes: The goals for restoration of aquatic ecosystems need to be 
realistic and should be based on the concept of expected conditions for individual  
eco-regions. Further development of project selection and evaluation technology 
based on  eco-region  definitions  and  description  should be  encouraged and 
supported by the national and state government agencies.  
• Ecosystem approach in aquatic ecosystem restoration endeavour considering 

catchment land use plan as of pre-project status and optimal land use plan shall 
first be prepared for short term (10 years and 30 years) and long term periods 
keeping in view developmental pressure over time span. 

• Research and development is needed in several areas of applied limnology, and 
this programme   should   take   an   experimental    approach    which    
emphasizes manipulation of whole ecosystems. 
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• Appropriate technologies for point and non-point sources of pollution and in situ 
measures for lake restoration shall be compatible to local ethos and site condition 
as well as objectives of Aquatic Ecosystem Restoration Action Plan (AERAP). 

• Traditional knowledge and practices have to be explored as remedial measures. 
Cost-intensive restoration measures should be the last resort after evaluating all 
the cost-effective measures of conservation and management of ecosystems. 

• Public needs to be better informed about the rational, goal and methods of 
ecosystem conservation and restoration. In addition, the need was realized for 
scientist and researchers with the broad training needed for aquatic ecosystem 
restoration, management and conservation.  

• Improved techniques for littoral zone and aquatic microphytes  management need 
to be developed. Research  should  go  beyond the removal of  nuisance  
microphytes to address  the  restoration of native  species that are essential for  
waterfowl  and  fish habitat.  Basic  research  is  necessary  to   improve   the 
understanding  of  fundamental limnological  processes  in  littoral  zones  and the  
interactions  between  littoral and pelagic  zones  of  lakes. 

• Biomanipulation (foodweb  management) has  great  potential  for low-cost and 
long-term management of lakes, and  research in this  emerging field must be  
stimulated. 

• Innovative  and  low-cost  approaches  to  contaminant  clean up in  lakes  need to  
be developed. 

• The relations between loadings of  stress-causing  substances  and  responses of 
lakes need to be  understood  more  precisely.  Research  should  be undertaken to 
improve predictions of trophic state and nutrient loading relationships. 

• Improved assessment programmes are needed to determine the severity and extent 
of damage in lakes and wetlands and a change in status over time.  Innovative 
basic research is required to improve the science of assessment and monitoring.  
There is a great need for cost effective, reliable indicators of ecosystems function,  
including those  that  would  reflect  long-term  change and response to stress.   
Research on indicators  should  include  traditional  community   and  ecosystem   
measurements, paleoecological trend  assessments and remote sensing.  Effective  
assessment  and monitoring  programme  would  involve  network  of  local  
schools,  colleges  and universities.  

• Procedures such as food web manipulation, introduction of phytophagous,  insects 
and fish lining, and  reintroduction  of  native  species  show  promise  for  
effective and  long-lasting results when used alone or in  combination  with other  
restoration measures.  Further  research  and  development needs to be  
undertaken  on  these aspects. 

• Paleolimnological  approaches  should be used to infer the past  trophic  history of 
lakes  and  wetlands  and  to decide  whether  these  systems  should  be  restored. 
Paleolimnological  approaches could also be used to infer whether a lake has been 
restored  to  its  predisturbance  condition. 

10. Valuation of goods and services: Goods and services provided by the individual 
water bodies and the respective species to be documented, evaluated through 
participatory approach and be made part of the Biodiversity Registers (PBR: People’s 
Biodiversity Registers, SBR: School Biodiversity Registers). If in any case the 
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traditional fishing rights of the local fishermen are adversely affected by lake 
conservation or by declaring it as a bird sanctuary, etc they should be adequately 
compensated. 

 
• Ecological values of lands and water within the catchment / watershed shall be 

internalised into economic analysis and not taken for granted. Pressure groups 
shall play as watchdogs in preventing industrial and toxic and persistent 
pollutants by agencies and polluters.  

11. Regulation of boating: Operation of motorized boats should not be permitted within 
lakes of less than 50 ha. In larger lakes the number of such boats should be limited to 
restricted area and carrying capacity of the water body. In any case boating during the 
periods of breeding and congregations of birds should be banned. . 

12. Protection of riparian and buffer zone vegetation: Any clearances of riparian 
vegetation (along side rivers) and buffer zone vegetation (around lakes) have to be 
prohibited. 

13. Restoration of linkages between water bodies: The process of urbanization and 
neglect caused disruption of linkages between water bodies such as ancient lake 
systems of many cities. Wherever such disruptions have taken place alternative 
arrangements should be provided to establish the lost linkages. 

14. Rainwater harvesting: Intensive and comprehensive implementation of rain water 
harvesting techniques can reduce taxation of water bodies and also minimize 
electricity requirements. The country needs in principle a holistic rainwater 
harvesting policy aimed at directing water literally from “roof-tops to lakes” after 
catering to the domestic needs. 

15. Protection of sacred grove-water body system: National water policy shall 
recognize the ecological, environmental, economic and socio-cultural values of the 
aquatic systems. Sacred groves have been integral part of traditional watershed 
protection systems. Ponds, lakes, springs, streams and rivers associated with the 
sacred groves were integral to the landscape management systems of traditional 
societies of especially Indian highlands. Most of these groves lost their significance 
due to merger of them with the state reserved forests or due to cultural changes. There 
still exist thousands of sacred groves along the Indian countryside. If these groves are 
recognized, ecologically restored and brought under appropriate management 
mechanisms in collaboration with local communities, a fresh revival can happen of 
the water bodies associated with them.  

16. Environment Education: It was felt among the participants that public needs to be 
better informed about the rational, goal and methods of ecosystem conservation and 
restoration. In addition, the need was realized for scientist and researchers with the 
broad training needed for aquatic ecosystem restoration, management and 
conservation. Public education and outreach should include all components of 
ecosystem restoration. Lake associations and citizen monitoring groups have proved 
helpful in educating the general public. Effort should be made to ensure that such 
groups have accurate information about the causes of lake degradation and various 
restoration methods. Funding is needed for both undergraduate and graduate 
programmes in ecosystem conservation and restorations. Training programmes 
should cross traditional disciplinary boundaries such as those between basic and 



22 
 

applied ecology: water quality management and fisheries or wildlife management: 
among lakes, streams, rivers, coastal and wetland ecology. In this regard the 
brainstorming session proposes: 

• Environmental education program should be more proactive, field oriented 
and experiential (with real time examples) for effective learning. 

• Environmental education should be made mandatory at all levels – schools, 
colleges, universities, professional courses,  teachers and teacher educators at 
the teachers’ training institutes (Tch, B Ed, D Ed) 

17. Adopt Inter-disciplinary Approach:  Aquatic ecosystem conservation and 
management requires collaborated research involving natural, social, and inter-
disciplinary study aimed at understanding various components, such as monitoring of 
water quality, socio-economic dependency, biodiversity and other activities, as an 
indispensable tool for formulating long term conservation strategies. This requires 
multidisciplinary-trained professionals who can spread the understanding of 
ecosystem’s importance at local schools, colleges, and research institutions by 
initiating educational programmes aimed at rising the levels of public awareness of 
aquatic ecosystems’ restoration, goals and methods. Actively participating schools 
and colleges in the vicinity of the water bodies may value the opportunity to provide 
hands-on environmental education, which could entail setting up of laboratory 
facilities at the site. Regular monitoring of water bodies (with permanent laboratory 
facilities) would provide vital inputs for conservation and management. 
• Funding is needed for both undergraduate and graduate programmes in aquatic 

ecosystem conservation and restorations. Training programmes should cross 
traditional disciplinary boundaries such as those between basic and applied 
ecology: water quality management and fisheries or wildlife management: 
among lakes, streams, rivers, coastal and wetland ecology.    

• Aquatic sanctuaries be created and tanks of religious places be declared as 
heritage centers for in situ conservation. 
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