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ABSTRACT 

 
Urbanization and unplanned development of land and water resources have resulted in the 
adverse changes in the land use pattern and on the groundwater resources in the southern sub 
urban area of Chennai city. The present paper summarizes the severe land use changes and 
groundwater problems, using the high resolution remote sensing data of IRS P6 LISS III 
+PAN December 2004 and IRS P6 LISS IV MX and PAN March 2008 to provide 
information accurately. Change detection has shown that built up areas and industrial areas 
increased by 14.73% and the areas comprising irrigated land, water bodies and waste land 
decreased by 25.2% of total area during 2004-2008. The findings obtained by synthesizing 
the satellite data and hydrologeogical information indicated that the changes in the land use 
category, significant water level fluctuation and unaccountable groundwater development 
have triggered the hydrogeological imbalance. Realizing the land use changes and their 
impact on the groundwater system would be very important for effectively utilizing and 
managing land and water resources. 
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INTRODUCTION 
Rapid urbanization and industrialization has 
resulted in increase of complex land use 
patterns in and around fast growing cities. A 
comprehensive, information of land use/land 

cover is the basic pre-requisite for land 
resource evaluation, management and 
environmental assessment. The increasing 
population pressure and induced urbanization 
on land use have contributed to the general 
degradation of the environment, warranting 
suitable land use planning and * Author for correspondence 
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management.1,3 The most commonly used 
definition for sustainability comes from the 
World Commission of Environment and 
Development of 1987, as “the development 
that meets the needs without compromising 
the ability of future generations to meet their 
economic needs”. Groundwater sustainability 
is defined here as “the use and development 
of groundwater in such ways that result in no 
unacceptable damage in the future to the 
quantity, quality, and the dependent 
ecosystems”4,5. The land use system          
and related resources, particularly water 
resources, are highly dynamic; they undergo 
significant changes according to the 
changing socio-economic and natural envi-
ronment. Environmental conservation should 
be strengthened where the regions impacted 
due to severe land use changes, to guarantee 
their ecological security. 2,6-8.  

Chennai is one of the major metropolitan 
cities in Tamil Nadu, India, which 
experiences acute water scarcity during the 
summer or the period of monsoon failure.  It 
is primarily dependent on irrigation 
reservoirs as surface sources and inter and 
intra State water transfers for meeting the 
urban demand. The absence of perennial 
sources and monsoon dependent reservoirs 
increases the uncertainty in meeting the 
entire demand for water. It raises the 
dependency on peri-urban groundwater 
resources, and a huge amount of water is 
transferred to the urban areas leading to the 
groundwater market. 

 The Mambakkam mini watershed is situated 
adjacent to Chennai. Most of the people in 
villages are involved in groundwater 

marketing and its proximity to the city has 
induced severe changes on the land use 
system, such as reduction of agricultural land 
and increased settlements due to urbanization 
activities9. The southern part of Chennai city 
primarily depends on the groundwater 
available in southern sub urban area (study 
area) for drinking and domestic needs. The 
unaccountable groundwater extraction due to 
growth in urbanization has triggered the 
hydrogeological imbalance. The objective of 
this study are to detect the land use  changes 
during the period 2004 and 2008 using 
Remote Sensing and the Geographic 
Information System(GIS), technology as it 
has proved to quite useful in mapping land 
use  patterns and changes with time10.  
Further, the study analyzes the 
hydrogeological system to assess the impact 
of rapid urbanization and unplanned land use 
management.   

Study area 

The Mambakkam mini watershed, 
Kancheepuram District of Tamil Nadu, India, 
is located  south of Chennai city, and  lies 
between the  east longitudes 80 04’ 30” to 
80 15’ 35” and the north latitudes 12 47’ 
00” to 12 56’ 30”. The aerial extent of the 
study area is 224 sq.km.  The study area 
stretches from east to west for a width of 18 
km from the sea coast towards the inland and 
a length of 16 km along the north-south 
Fig.1. It comprises three blocks, namely 
Kattankualthur, St.Thomas Mount and 
Thiruporur of Kancheepuram District 
covering 66 revenue villages. 11-13 
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Fig.1 : Base map of study area 

 
It lies on the east coast region with plains and 
slightly elevated areas on the west. 
Generally, the slope of the study area is 
towards the east and north-eastern direction. 
There are no major rivers or system tanks 
other than some medium and non system 
tanks and it gets water during heavy 
monsoons both from within the watershed as 
well as from the western hilly terrain. The 
backwater and swampy lands are the major 
water bodies in the area. Most of the 
drainage flows west to east, except during 
inundation due to topography, and finally in 
to the Bay of Bengal. The maximum 
temperature varies from 37°C to 44°C and 
the minimum temperature varies from 18°C 
to 27°C. The annual normal rainfall is 
945.70mm. Due to the widespread 
infrastructure development activities, the 
people have migrated to the suburbs in recent 
years which impose rapid land use  changes 
and related environmental issues.14,15  

MATERIAL AND METHODS 
Remote sensing data in the form of satellite 
imagery of IRS P6 LISS III+PAN of 
December 2004 and IRS P6 LISS IV MX 
and PAN of March 2008 were used for land 
use mapping. Rainfall and observation well 
data collected from the Institute of Water 
Studies of Public Works Department 
(Government of Tamil Nadu) for the 
respective periods are used for an analysis of 
the hydro system. The changes in land use  
between 2004 and 2008 were analyzed by 
tabulating the areas under each category. A 
Geology map Fig. 2 is prepared from the 
resource map of the Geological Survey of 
India; the geomorphology map shown in 
Fig.3 is derived from IRS P6 LISS IV MX 
and PAN of March 2008, and these were 
used to understand the hydro geological 
system of the study area. 
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RESULTS AND DISCUSSION 
Hydrogeological implications 
The study area comprises  archaean rocks of 
charnockite formation with enclaves of 
pyroxene granulite in the western part and 
the eastern part of coastal alluvium with 

quart gravel and coramandal formation Fig.2. 
Geomorphologic landforms like buried 
pediment (shallow, moderate and deep), 
beach ridges and beaches  can give an idea 
about the occurrence of shallow aquifer in 
the vast pedi plain areas of crystalline and 
coastal regions (Fig.3). 

 

                           
Fig.2 : Geology map                                                   Fig.3 : Geomorphology map 

 

  
Fig. 4 : Rainfall Vs Water level 

Meenambakkam is the only and nearest 
raingauge station, which influences the 
rainfall in the study area.  
The pre monsoon (June) and post monsoon 
(January) water level data were taken for the 
period 2004-2008 In the coastal alluvium 
(Akkarai), the groundwater level fluctuated 
from 0.5m to 2.5m in the post monsoon 

(January) and 4.2m to 5m in the pre 
monsoon(July), whereas in the hard rock 
formation (Pallikaranai), the water level 
fluctuated 0.5m to 3m in the post monsoon 
and 5.6m to 9m in the pre monsoon.   
Significant water level fluctuation is 
experienced in the shallow aquifer of hard 
rock formation, irrespective of the rainfall 
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occurrence and this threatens the water 
availability for the future and  requires  
augmentation measures for sustainable 
management (Fig. 4). 
Land use  analysis 
Land use  maps for the years 2004 and 2008 
are prepared from satellite images by visual 
interpretation techniques.  

The second level classification features for 
the same periods are vectorised using ARC 
GIS 9.1 software.  
The classified land use data under each 
category were calculated and tabulated; these 
were analyzed to evaluate the changes that 
occurred during the short period 2004-2008 
in the study area. 

  
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 : Map showing the land use categories for the year 2004 

 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 6 : Map showing the land use  categories for the year 2008 
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The IRS-P6 LISS III + PAN December 2004 
geocoded FCC was used to prepare the land 
use categories for the year 2004. The higher 
spectral resolution of the data is helpful to  
delineate more categories. The panchromatic 
data merged with the multi spectral data of 
the IRS-P6 LISS IV MX March 2008 
geocoded FCC, was used to generate the land 
use map for 2008.  The categorization of land 
use s is furnished in Table 1. The different 
classes of land use  /land cover are grouped 
as built-up land, forest, agricultural land, 
wasteland, water bodies, industrial land and 

others for land use  change analysis. Built-up 
land includes settlements, and forest includes 
shrub and reserved forest. Crop land, 
orchard, plantation, etc. are grouped as 
agricultural land.  
Wastelands include barren, out crop, alkaline 
& saline lands, etc. Tanks, rivers and 
backwater are categorized under water 
bodies. Industries, institutions and 
quarries/mines are grouped in the industrial 
and mining category. Classes such as 
restricted area, layout, road, etc. are grouped 
into ‘others’. 

Table 1 : Area under different land use  categories during 2004-2008 

Land use  
Type 

 

Area in 
2004 

(Sq.km) 

Area in % Area in 
2008 

(Sq.km) 

Area in % Difference 

Built-up land 28.20 12.61 51.49 23.04 +10.43 
Forest land 10.32 4.62 11.63 5.20 + 0.58 
Agricultural land 51.45 23.02 29.06 12.99 -10.03 
Wasteland 105.03 46.99 75.48 33.77 -13.22 
Water bodies 21.94 9.82 17.56 7.86 -1.96 
Mining/industrial area 2.32 1.04 12.03 5.34 +4.3 
Others 4.26 1.90 26.27 11.75 +9.85 
Total area 223.51 100 223.51 100  

 
Impacts of land use changes 
The process of rapid land transformation has 
not only brought about an ecological crisis in 
the region but has also threatened the 
agricultural economy of the watershed, 
through accelerated soil erosion, 
deforestation and reduction in groundwater 
recharge.    
This creates the necessity for evolving a 
suitable land use planning to arrest further 
land use changes and land degradation.  

A similar finding is recorded by Bisht and 
Kothyari, (2001), and Raju and Anil Kumar, 
(2006) conducted a study on land use 
changes in Garur Ganga Watershed, 
Uttranchal and Idukki District, Kerala 
respectively.  

The present analysis of changes in land use  
shows that area of agriculture land, waste 
land and water bodies is shrinking during 
2004-2008. 
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Changes in agricultural land, waste land 
and water bodies  
The area under agricultural land and 
wasteland has been reduced from 51.45 to 

29.06 sq.km and 46.99 to 33.77 sq.km 
respectively during the period 2004-2008.  
Similarly the area of water bodies has been 
reduced from 21.94 to 17.56 sq.km.  
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                 Fig.7 : Changes in the land use  categories during 2004-2008 

About 25% of the total area under the 
category of agricultural land, waste land and 
water bodies is changed to either settlements 
or industries. Fig.7 shows the changes in 
land use  during year 2004-2008. It clearly 
shows the increasing trend of built up areas 
and declining trend of agricultural land, 
water bodies and wasteland categories. The 
waste land area falls in the runoff zone with 
little to moderate scope for recharge. It is 
almost a moderately sloping undulating pedi 
plain and also covered by gently sloping 
plain with  marshy land, raised beach ridges, 
sand dunes and beach in the eastern part. 
Emerging urban activities reduce the run off 
area arrest the infiltration, and cause flash 
flooding in the low lying lands. Waste land 
reduction is taking place to meet the greater 
demand for the expansion of industries, 

mining sector and housing, institution or 
industrial layouts.  
The land and water resources in the sub 
urban areas are in high demand for non 
agricultural activities and the farmer’s 
interest towards agriculture is also getting 
reduced.  This is mainly due to the proximity 
to the city and related employment 
opportunities. Hence, cautious 
developmental activities are needed to 
balance the relationship between the 
livelihood of poor farmers and environmental 
protection (Ren-Qiang et. al, 2007). 
Built-up land 

While comparing and synthesizing the layers 
of settlement for the study period, it is clear 
that a vast expansion of settlements has 
occured both vertically and horizontally. 
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During the study period, built-up land has 
increased from 13% to 23%.  It is observed 
that major changes have been found in the 
proximity of settlements. The particular 
study period is really experiencing the best 
boom in industries and institutional and 
residential sectors in the study area. 
Quarrying/mining and industrial area 
Land use  detection shows a phenomenal 
expansion of the quarrying/mining area from 
1.045 (2004) to 4.3% (2008). Mostly, the 
blue metal and dust from the mining area 
were taken away for construction and road 
development activities by the industrial, 
institutional and housing developers.  

CONCLUSION 
Increased population and urbanization, and 
the related land conversion in the southern 
sub urban area are the major driving forces 
for the changes in the land use  during a very 
short period. The present study shows that 
Remote Sensing and GIS based geomatic 
study is very effective in land use  / 
landcover change detection. The high 
resolution satellite data such as IRS P6 LISS 
III + PAN and IRS P6 LISS IV MX + PAN 
proved as the good quality source to derive 
information accurately. The Hydrogeological 
analysis clearly indicates the asymmetrical 
nature of the water level fluctuation in 
different formations during different periods. 
It clearly brings out the following reasons 
and remedial measures for managing the 
aquifer.   
 Most of the cultivated area is left out as 

barren / scrub for the development of 
layouts   

 The Area under agricultural land has 
been reduced from 52 to 29 sq. km 
during the period 2004-2008. 

 Similarly 30 sq km of wasteland area has 
been reduced from 2004 to 2008. 

 The Groundwater available in the area is 
not fully used for irrigation purposes. 

 Mostly, the reduced / changed land use 
categories of agricultural and wastelands 
are transformed into industries, 
institutions and settlements. 

 Even though there are many water bodies 
in the study area, most of the tanks are 
being used for the disposal of sewage 
and dumping of garbage. Such activities 
causes severe hazards to the groundwater 
aquifer.  

 Storm water from the upstream can be 
diverted to the eastern shallow coastal 
aquifers and western pedi plain for 
recharge. 

 To enhance the storage capacity and 
permeability of the groundwater, 
lineaments and their intersection zones 
can be targeted.  

 To make artificial recharge immediately 
and instantly in hard rock areas, open 
shafts / open wells should be developed 
inside the tanks, till it reaches the 
fractured zone to inject storm water 
effectively.  

 Even though, many structures have 
developed on the low lying marshy area, 
water will be stagnant around this area 
during the monsoon. In such areas open 
pits of the required capacity can be 
developed and storm water can be stored.  

In order to avoid the stress in the aquifer due 
to the unplanned management of land and 
water resources, a rethinking of a judicious 
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land and water management is the only 
viable option. The study suggests that human 
activities in terms of managing land and 
water resources might be responsible for 
anomalous changes in the environment.  
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SAVE THE ENVIRONMENT 

 

Good environment is good health 

Air pollution causes health hazards 

Recycle every drop of water 


