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ABSTRACT
High intensity of urbanization is observed in Indian cities in the last few decades due
to the rapidly growing population and increasing economic activities. This phenomenon of
rapid urbanization is causing unorganized and unplanned growth in most of the towns and
cities. The ever-growing population and urbanization is leading to over-utilization of the
resources, thus exerting pressure on the limited civic amenities, which are on the brink of
collapse. One of the immediate fallout is the over-utilization of water resources near the
cities and emerging urban centers. We are also facing constrains in choosing suitable
geological sites which can provide necessary resources and favorable conditions.
In this study, the nature of urbanization and its resultant impact on hydrological
regimes has been studied for the city of Aligarh (U.P), Badaun (U.P), Gurgaon (Haryana),
Imphal (Manipur), and Kashmir valley (J & K). All these cities have special Hydro-Geological
regimes, and are seen affected in peculiar ways. The study reveals a range of impacts from
drying up of regional effluent river in Badaun (U.P), lowering of water table in Aligarh (U.P),
increase in salinity and lowering of groundwater table in Gurgaon (Haryana) and habitations
extending toward the open surface water body and other marshy and swampy areas leading
to the shrinkage of the wetlands in Kashmir (J & K) and Imphal valley (Manipur).
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INTRODUCTION
Urban expansion has increased the
exploitation of natural resources and has
changed land use/land cover patterns. The
urban population of the world as a whole has
been growing at the rate of about 3% per year,
presumably faster than the existing world
average population growth rate. Roughly, half
of the global population lives in cities and the
United Nations forecasted that between 1990
*Author for correspondence

and 2050, the urban population will rise to over
5 billions8. The increase in urban population
density and built up areas directly or indirectly
affects hydrological processes, through :
(a) Change in total runoff or streamflow
(b)Alteration of peak flow characteristics,
(c) Decline in water quality, and
(d) Changes in river’s amenities. Basically,
urbanization could lead the alteration in stream
flow characteristics by the expansion of built
up areas, modification of natural channel
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through channelisation processes and the
interferences from the artificial drainage or
sewer system to the natural drainage system16.
India constitutes about 16% of the total
of the world population, while as approximately
30% India’s population lives in urban areas. The
population has already crossed one billion mark
and it is expected to rise further. This increase
in population is leading to the haphazard growth
and rapid expansion of the cites in India as more
people are congregating in the urban areas and
growing not only in number but also in area as
well. The national Census of 2001 shows that
with the current trend, at least 33% of the Indian
Population lives in urban centers, which was
just 20% in 1981. The projected urban
population of India by 2010 would 378million
against the rural population of 759 million and
by 2025 urban population will be 605million
against 730million of rural population while as
by 2050 the urban population projected
(971million) is supposed to overtake the rural
population (610million)10.
The urban growth has given way to new
problems for urban planning and redevelopment in India. The basic amenities such
as sewer line, water supply electricity and road
network were designed to limited population.
As the population of urban centers during last
few decades has increased many fold, the
existing urban facilities are becoming unable
to cater the demand of the rising population
and facilities are under stress conditions. It
resulting in multiple problems of road jams,
urban heat island, choking sewer lines,
groundwater level decline, air pollution,
contamination and pollution of ground and
surface water in cities, and shrinking
of existing surface water recourses. The
expansion of the various basic urban amenities,
particularly water supply, sewerage and
sewage disposal changing land use / Land cover
pattern, transportation are the urban problems
of prime consideration. Therefore, in future
urban population will need the acquisition
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of appropriate sites for engineering
constructions3-5. However, the urban areas are
under land crisis, the acquiring of wetland, lakes
and city parks is a very common practices of
urban dwellers. The first impact of urbanization
on natural environment in cities is revealed by
land use/land cover change and subsequently
on water resources both (surface and subsurface water) Alone Groundwater meets the
domestic needs of more than 80% of rural and
50% of urban population7.
Rapid urbanization and urban migration
not only pollute the water tremendously, but also
makes the water resource allocation very
complex. Therefore, the present study has been
taken to evaluate the impact of urbanization on
hydrological regimes of Indian cities. Keeping
in consideration the nature of the study, only
few cities with varying geographical and
geological setup have been chosen for the
evaluation of impact of urbanization the
hydrological regimes (both surface and subsurface) in these cities.

METHODOLOGY
Data used in this study involves the
satellite imageries of multiple scenes and the
demographic details obtained form various
primary sources and subsequent field checks.
The geo-referenced satellite imageries of
LANDSAT series used for detecting the urban
expansion and aerial variation of wetlands and
lakes of the selected cities during last three
decades included LANDSAT-MSS acquired in
1970s, LANDSAT- TM acquired in 1990s and
LANDSAT-ETM + acquired in 2001. This
LANDSAT data is made available under
NASA sponsored Global Land Cover Facility
(GLFC) and acquirable from the Multi
Resolution Seamless Image Database (MrSID)
maintained by NASA at http://
zulu.ssc.nasa.gov/mrsid. The satellite imageries
were studied in the GIS environment using
Geomatica V.9.1.0 for delineation of the urban
sprawl and the change in the areal coverage
of wetlands and lakes. The Demographic
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Fig.1 : Location map of the study areas

details were obtained from the primary census
abstracts of India of various decades and
groundwater depth data was collected from
Central Ground Water Commission. Present
study is conducted for 5-study sites with varying
hydro-geomorphic setting in Northern India and
locations have been shown in Fig.1.
1. The death of small effluent rivers : A
case study of interfluves (Paleochannels) of Ganga River in old Ganga
flood plain
The area towards the western side of
the Ganga River plain is full of Paleo- channels.
These Channels are called as interfluves e.g.,
Mouva in Sahsvan (Badaun) and Sothr
(Badaun) and well known for their continuous

water supply to the population in the
region. However, during last five decades these
channels have become small drainage because
of decrease in regional groundwater level as a
result of excess groundwater utilization for
agriculture purposes. As the groundwater level
depth in the region has been increased and
recharging mechanism to these river in summer
does not occur through groundwater and river
become dry during summer. The schematic
diagram of water level change and change
in water supply in the river has been shown in
Fig.2b and Fig. 2c. The conclusions show
that in future these interfluves will stop
flowing and will become part of the city
drainage.
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Fig. 2 : Landsat image of the Ganga flood plain and paleo-channels (interfluves)

2. The impact of in urbanization resulted
in depletion of groundwater depth level
: A case study of Aligarh city
It is evident from various LANDSAT
images and maps of Survey of India that the
urban area in 1971 was 17.323 sq.km with a
population of about 252314. By 1981,the urban
area increased to about 26.860sq.km with a
population 320816. In 1991 the urban area
sprawl to 27.9214sq-m with population of
480520 people in city. This urban area increased
to 50.542 sq km in 2006 with a population of
773800 persons. The scatter diagram shows a
linear growth relationship between urban builtup area and the population (Fig. 3).
The fast growth in population is resulting
in more withdrawal of subsurface water and
increase in built up area is leaving lesser surface
area available for groundwater recharge. The
combined effect of these two factors is resulting
in groundwater depletion. The temporal
variation of groundwater level records
measured by Uttar Pradesh Jal Nigam showed
that the water level in the area was about 9.10
m gbl (below ground level) in 1976 and 18.7 m

bgl in 2006. More withdrawal of groundwater
by the population also resulting in transferring
this groundwater into sewage, which further
moves in low lying area, which is resulting in
water logging, contamination and siltation of the
local drainage system. The siltation of the
many known old Tals (Lakes) is quite evident
in this study area.
3. Impact of urbanization and water quality
and quantity : A case study of Gurgaon
area
The growth of urban areas of the
Gurgoan is studied using LANDSAT imageries
of 1970’s, 1990’s and 2000. The urban
population was 57157 in 1971, 121486 in 1991
and 369004 in 2001as per the census records
(Fig. 4). The analysis of the imageries shows
that the areal extent of the Gurgoan city has
been increasing rapidly since seventies. The
basement rocks in the area are Aravalli
metamorphic rocks, which are overlain by the
alluvium. This alluvium provides good
opportunity for the groundwater development.
In recent years the over-exploitation of
groundwater has been taking place for the
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Fig. 2b and 2c : Schematic diagram showing the impact of change in regional water table depth
and supply of water in effluent rivers.
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Fig. 3: Scatter diagram of the built-up area and population trend in last thirty years
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Fig. 5 : The trend of post monsoon groundwater depth in Gurgaon region in last three decade

agriculture and farmhouses development and
results in the decrease in depth of water table
in this region (Fig. 5). However, in the south
of alluvium the thick quartzite bears the high
quality of groundwater, however groundwater
exploitation is not easy in this rocky terrain and
limited the economic activity in the region.
Further south the Sohna ridge, the quality of
groundwater is not good even though the area

has low groundwater depth level from surface.
Hence, the good quality water occurs only in
ridge region and its periphery. The population
statistics report suggests that high intensity of
the urbanization in this region of Gurgoan and
Sohna will lead to over-exploitation of fresh
underground water and will result in the
lowering of watertable in ridge and surroundings
area. The lowering of water table will further
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result in instigating the movement of bad quality
water to the to good quality water which will
further lead to the degradation of water quality
in the region. (Fig.6)
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the expansion is not seen in the east and
northeast direction because proximity to the
nearby hillock. The proportion of the urban
population in district increased to 80.50% in

Gurgaon region
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groun
water
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Ground
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27km
Fig. 6: Geomorphological map of the Gurgaon region and superimposed water quality map

1981 from 66% in 1961 14 . But population
density has certainly increased at an alarming
rate. The population density has increased from
318 persons in 1981 to 423 in 1991 and 556 in
20012 respectively. Which means the number
of households per unit area has been
consistently increasing as evident from the
temporal imageries. The building of houses has
been more around and near the surface water
bodies of the city like the famous Dal Lake,
Anchar Lake, and Nagin Lake, Haukersar the
major lake of the city. The temporal changes
in the urban sprawl reveal that the extent of
built-up land around Hokersar wetland has
increased from 0.57km2 in 1962 to 1.08km2in
600

4. Shrinkage of wetlands and lakes : A
case study of Kashmir valley
The LANDSAT imageries of 1979, 1991
and 2001 of Srinagar city of Kashmir valley
show a rapid urban sprawl between 1978 and
1991. However the city shows a moderate
expansion between the period of 1991–
2001,one of the important reasons is the known
political situations of the state in this period.
Even though the substantial sprawl of the city
is not seen between this period. The city has
gone under tremendous growth and has made
substantial progresses towards urbanization in
this period. The city has expanded both in north,
west and south directions (Fig. 7). However,
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Built-up area, 2001

Built-up area, 1991

Built-up area, 1979

8.5km
Fig. 7 : Temporal change in urbanization in Srinagar city of Kashmir valley during last three decads

1994and to3.09km2 in 20006 . It is evident that
the population density has been increasing in
the urban area, which means that the sewage
of the highly dense population will move to local
drainage system and lead heavy stresses on
local drainages in the area. The high
dependency on the local drainage is resulting
in fast shrinkage of the lakes in urban area. It
is evident from images that the Dal Lake and
other lakes in the city are going under rapid
shrinkage. The Dal Lake is going to disappear
very soon and transfer into the pool of city’s
sewage if this range of shrinking continues.
Each year, large parts of the lake lost as a
consequence of massive inflow of silt from its
deforested catchment area1. The area of the
lake was 26 Km2 at the beginning of last century
that was reduced to 21 Km2 in the 1950’s while
as the area has now shrunk less than 12 Km2
today. The water level has dropped by 2.4

meters during past 10 years Human refuse from
the houseboats is discharged into the lake. As
a result, the quality of the lake’s water
has deteriorated and its vast reserves of aquatic
life are rapidly disappearing11 . Other lakes
in the Kashmir Valley are facing similar
problems.
5. Constrains of the Geological suitability
for urban growth : A case study of
Imphal valley
The growth history of Imphal area is
studied by using remotely sensed LANDSAT
imageries taken during 1970’s, 1990’s and
2001.From the analysis of the imageries as well
as the official records, the areal extent of the
Imphal area (city) is found to be 4.29 km2 in
the 70’s, 19.02 km2 in the 90’s,and 27.04 km2
in the 2000’s12,17. The population of the Imphal
area was 4, 31, 773 in the 70’s; 7, 11, 261 in
the 90’s and 8, 33, 312 in the 2000,s
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respectively1,9. The nature of sprawling is found
to be of mixed type with ribbon and leapfrog
sprawl dominating
(Fig. 8).
It is also seen that the northern-ward
growth of the settlement in the Imphal area is
restricted by the presence of hillocks whereas
south and southwestern part of the Imphal area
show faster growth. But south and
southwestern ward growth of the settlements
will in future bring the population closer to the
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major open water body of the Loktak lake and
the other surrounding marshy and swampy
areas which are scattered mainly in the
southern parts of Manipur (Imphal) valley. The
Loktak Lake has been converted into reservoir
in 1980 and lead to expansion of wetlands in
surrounding region. Presently, though Loktak
lake is at least 40km away from the Imphal
area, some of the formerly marshy/swampy
areas which were scattered near the expanding

1979, 1991s, 2001

Urbanized area

4 km

Lake region
1979, 1991, 2001

Fig. 8 : Temporal change in urbanized and wetland areain the Imphal valley
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settlement areas is now under new population
settlements and cultivaton. These activities not
only disturb the ecology but also lead to the
frequent outbreak of the waterborne
communicable diseases (malaria, cholera,
diarrhea etc.) and other health related problems
in the region.

CONCLUSION
The study has been carried out in some
selected parts of India with different
hydrological regimes and was aimed to assess
the potential impact from the increasing
urbanization on these hydrological regimes .The
study concludes a wide range of impacts on
the water resources in these areas. The study
reveals that excessive withdrawal of the
ground water mainly for agricultural purposes
is resulting in the drying up of the interfluves in
Badaun. If the trend continues to be so, these
interfluves would soon become part of the city
drainage as a result of the ever increasing
urbanization and encroachments. A similar
problem is seen in Aligarh city where the
growing population and urbanization results in
excessive water withdrawal and lessening of
the recharge areas leading to the ground water
depletion. The excessive water thus withdrawn
turns into sewage and moves into low-lying
areas resulting in water logging, contamination
and siltation of the local drainage systems.In
Gurguaon and Sohna regions, rapid urbanization
and large scale industrialization are leading to
both depletion and degradation of the ground
water. In Kashmir valley, increase in
urbanization and the population density are
putting stress on the local drainage networks
and shrinkage and contamination of the water
bodies such as Dal Lake. In Manipur,
encroachment due to increasing number of
settlements towards the Loktak lake is leading
to its shrinkage .Besides this, the proximity of
the settlements toward the wetlands is exposing
the human population to waterborne
communicable diseases like Malaria, Cholera
and Diarrhoea etc and other health risks.
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