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ABSTRACT 

The increasing population and economic activities are putting pressure on the available land resources. Human population 
and their use of land have transformed the terrestrial biosphere into anthropogenic biomes (anthromes). The present 
study analyses the urban land use/cover change and land transformation in Srinagar city which is located in the valley of 
the hill state of Jammu and Kashmir. A change detection analysis was performed to determine the nature, extent and 
rate of land use/cover change and transformation over 30 years of time period. The results show that the city has ex- 
panded significantly at the cost of non built-up land which has decreased in its area. Significantly there was not only the 
expansion of city area but also there were interchange of land between different land use/cover classes in the study area. 
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1. Introduction 

Land is the basic natural resource that provides habitat 
and sustenance for living organisms, and a major source 
of economic activities [1]. On the basis of the utility of 
the land, it can be classified into two classes i.e., “Land 
use” and “Land cover”. Land use is the total of all ar-
rangements, activities and inputs that people undertake in 
a certain land cover type. It involves both the order in 
which the biophysical attributes of the land are manipu- 
lated and the purpose for which the land is used [2]. In 
contrast, Land cover is the observed physical and bio- 
logical cover of the earth’s land as vegetation, rocks, 
water body or man-made features [3]. It deals with, for 
example, the quantity and type of surface vegetation, 
water, and earth materials [4]. 

Historically humans have been modifying land to ob- 
tain the essentials for their survival, but the accelerated 
rate of exploitation has brought unprecedented changes 
in ecosystems and environmental processes at local, re- 
gional and global scales. The prime aim of these land 
use/land cover changes including land conversion from 
one type to another and land-use management is to sat- 
isfy mankind’s immediate demands i.e., the need to pro- 
vide food, fiber, water, and shelter [5,6]. Global crop- 
lands, pastures, plantations, and urban areas have expand- 
ed in recent decades, accompanied by large increases in 
energy, water, and fertilizer consumption, along with con- 
siderable losses of biodiversity [7].  

Land use and its changes generally require the integra- 
tion of natural and social scientific methods e.g., expert 

knowledge, interviews with land managers etc., to de- 
termine which human activities are occurring in different 
parts of the landscape [8]. However, the two are always 
used in association; this partly reflects the collection of 
data by satellite imagery from which it is difficult to dis- 
tinguish many activities but also reflects the internally 
inter-dependent nature of activity and reveals an unclear 
distinction between them [9].  

Contemporarily urbanization is taking place all over 
the globe but the rate is very fast in the developing coun- 
tries as compared to the developed ones. In 1800 AD, 
only 3% of the world’s population lived in urban centres 
but this figure reached to 14% in 1900 and presently 50% 
of the world’s population is living in urban areas. The 
population growth in the cities is an unavoidable phe- 
nomenon. But cities with rapid growth (mostly in devel- 
oping countries) grow without planning and relationship 
between urban form (the built environment) and nature 
generates an unending source of physical and environ- 
mental degradation [10]. During the past 50 years urban 
population in India has increased by more than six times 
[11]. Similarly, the population of the state of Jammu and 
Kashmir has also increased. Srinagar city, the study area, 
which is also the summer capital and the largest urban 
centre in the Jammu and Kashmir, also recorded 5 times 
increase in its urban population during the past 50 years 
[12]. 

While studying the changes brought down by the grow- 
ing population, the environmental concerns of human 
population including climate change, biodiversity deple- 
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tion and pollution of water, soil and air are taken in to 
consideration [13]. Understanding this urban systems and 
addressing questions regarding changes in the spatio tem- 
poral patterns of urban form are of paramount impor- 
tance in urban research. Land use information can be 
used to develop solutions for natural resource manage- 
ment issues. Remote sensing, although challenged by the 
spatial and spectral heterogeneity of urban environments, 
seems to be a suitable source of reliable information 
about the multiple facets of urban environment [14,15]. 
GIS can generate a two or three dimensional images of 
an area, using GIS images as models, making precise 
measurements, gathering data, and testing ideas with the 
help of computer [16].   

The present study focuses the rate and pattern of land 
use/land cover change for 1980 and 2010 in Srinagar city 
using remote sensing and GIS techniques. The study fur- 
ther evaluates the land transformation during the study 
period. 

2. Study Area 

The present study is done on Srinagar city which lies be- 
tween 33˚59'14''N and 34˚12'37''N latitude and 74˚41'06''E  

and 74˚57'27''E longitude. The city is located on both sides 
of the River Jhelum, locally called Vyeth in Kashmir 
(Figure 1), spreads between the plains of vale of Kash- 
mir. It represents one of the, ecologically fragile, eco- 
nomically developing, tectonically unstable and one of the 
densely populated mountain ecosystems on the planet. 

The general relief of the study area is 1580 m above 
mean sea level. The general terrain is moderate and re- 
presents hill topography. From time to time, the city was 
ruled by various rulers, belonging to different religions, 
regions and dynasties, shaping its land use according to 
their desires. Mughals in the 16th century designed the 
city as per their requirements and its imprints are found 
today also. 

Presently, it is summer capital of the state of Jammu 
and Kashmir and has grown with time and gained pri- 
macy in terms of functions associated with politics, ad- 
ministration, commerce, economic development and tou- 
rism etc. The population of Srinagar city in 1951 was 
255,679 which increased up to 952,324 in 2001, re-
cording a growth of +51.06 per cent (the provisional 
population for 2011 is about 1.25 million). With the on-
set of urbanization, the city witnessed economic devel-
opment changing its land use pattern. 
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SRINAGAR CITY
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Figure 1. Location map of Srinagar city. 
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3. Data and Methods 

The study is mainly based on secondary sources of data, 
the data used for the preparation of Land use/land cover 
of the study area is Town planning map of Srinagar city 
1980 on 1:15,000 scale. Similarly, the land use/land cover 
for the later date was carried out using IRS-1D LISS III + 
PAN 2010 merged satellite imagery (Table 1). 

Both the images were first geo-corrected and geo-ref- 
erenced in Earth Resource Data Analysis System (ER- 
DAS) Imagine 9.0 software, assigning Universal Trans- 
verse Mercator with World Geocoded system (UTM 
WGS 84) projection parameters. Further for assistance in 
the process of interpretation SOI toposheet was also geo- 
referenced and was given similar projection and datum. 
The area of interest (Municipal limits of Srinagar city) 
was extracted by sub-setting of the town planning map. 
Satellite imagery was stacked into different bands to 
produce a false color composite; the area of interest was 
extracted by sub-setting of the image. These images were 
digitized in GIS environment using ArcGIS 9.3 and 
ArcView 3.2a software in the form of polygons repre- 
senting different land use land cover categories. The data 
was classified into 9 land use/land cover classes spread 
over a total area of 234.46 Km2 of the Srinagar city 
(which incidentally is also the Municipal limits). The 
trend and pattern of urban expansion was calculated and 
every polygon representing the particular class was quanti- 
fied and displayed in respective maps. It was followed by 
superimposing of two time period land use/cover maps to 
carry out land transformation analysis. 

Statistical Analysis and Test 

Statistical test i.e., a paired t-test was applied in this re- 
search work to study the relationship between the land 
use/land cover situation between 1980 and 2010. This  

Table 1. Details of satellite data used in the study. 

S. 
No.

Data 
used 

Path/Row Date of  
Pass 

Wave 
length width 
in µm/Band 

Spatial 
resolution
(meters)

Swath 
(km)

1 IRS-1D 
LISS-III

92/46 10-10-2010 0.52 - 0.59 
0.62 - 0.68 
0.77 - 0.86 
1.55 - 1.70 

23.5 142

2 IRS-1D
PAN

92/46 10-10-2010 0.5 - 0.75 5.8 70

 
t-test is a parametric test and it is used to find the differ- 
ence between two sets of data. 

Using this formula; T D S.P  
where  

 1 22D D
S.P

n 1





 

 

where  
t = Critical point; 
D = Difference between the two sets of data; 
S.P = Variance of the sum of the difference; 
n = Number of observations. 

4. Results and Discussion 

Remote sensing and GIS techniques were used for the 
present study as these sources are found to be an appropri- 
ate source of urban data to investigate such studies [16,17]. 

The analysis of these two date data enabled to map to- 
tal 9 land use/land cover classes spread over 234.46 Km2 
of study area (which is the local area). These classes in- 
clude, Built-up, Parks/Gardens & Playgrounds, Vacant, 
Agriculture, Plantation/Orchards, Forest, Barren, Marshy 
and Water body (Figures 2 and 3). The statistics derived 
of different land use/cover classes is given in Tables 2 and 
3 and their detailed explanation is as follows: 
 

LAND USE/LAND COVER OF SRINAGAR CITY - 1980 
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Figure 2. Land Use/Land Cover of Srinagar city-1980. 
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Figure 3. Land use/land cover of Srinagar city-2010. 
 

Table 2. Land use/land cover of 1980. 

Land use/land cover 1980 Percentage % 

Built-up area 24.16 10.30 

Parks/Gardens & Playground 1.40 0.59 

Vacant 5.17 2.2 

Agriculture 144.08 61.45 

Plantation/Orchard 12.66 5.40 

Forest 3.46 1.47 

Barren 5.39 2.3 

Marshy 16.67 7.1 

Water body 21.45 9.15 

TOTAL 234.46 100 

 
Built-up area: In the present study, built-up classes 

include residential, scattered settlement, commercial, indus- 
trial, restricted, educational, governmental, hospital and 
religious categories. Built-up area has increased from 
24.16 Km2 (10.30% of the total area) in 1980 to 62.51 
Km2 (26.66% of the total study area) in 2010 (increase of 
158 percent). The general trend of settlement distribution 
was observed in north and south direction only because 
the area lying to its east is occupied by water body and 
western part was mostly marshy area (Figure 4). The 
expansion of the built-up area has swallowed significant 
proportion of agricultural and forest land as well as water 
bodies and marshy areas (Figure 5). 

Parks/Gardens & Play grounds: This category in- 
cludes various parks/gardens and playgrounds which are 
the areas of recreational activities and they form an 
important part of the city’s culture. In the year 1980 total 
land area under this class was 1.40 Km2 (0.59% of the 
total study area) which increased to 3.72 Km2 (1.59% of 
the total study area) in 2010. Despite decrease in non 
built-up area the total area under this class has increased 

by 2.32 Km2. 
Vacant: Vacant land includes the land belonging most- 

ly to locals who have left crop cultivation, most of which 
is speculative land holding. This class also includes the 
abandoned government land. In the year 1980, the total 
land area under this category was 5.17 Km2 (2.2% of the 
total study area), which decreased to 2.55 Km2 (1.08% of 
the total study area) in 2010 (i.e., decreased by 2.62 hec- 
tares). 

Agriculture: Agricultural class includes mostly Paddy 
land, Floating/vegetable gardens (Radh) and Saffron Kare- 
wa fields. In the year 1980 the total area under agricultural 
land use was 144.08 Km2 (61.45% of the total study area) 
which decreased to 109.49 Km2 (46.7% of the total study 
area) in 2010. Therefore 34.59 Km2 of agricultural land 
has been lost during the period of 30 years in the study 
area. 

Plantation/Orchard: This class includes Willow plan- 
tation, Apple, Cherry, Almond, Walnut orchards, distrib- 
uted all over city except the core area. In the year 1980 
the total area under this class was 12.66 Km2 (5.40% of 
the total study area) which increased to 26.22 hectares 
(11.18% of the total study area) in 2010. This class has 
increased by 13.55 Km2 during the study period.  

Forest: Forest class includes the vegetation cover in 
the hilly areas of the city. In the year 1980, the total area 
under this class was 3.46 Km2 (1.47% of the total study 
area) which decreased to 1.53 Km2 (0.65% of the total 
study area) in 2010, decreased by 1.93 Km2. 

Barren: Barren class includes the bare exposed rocks, 
along with some quarrying sites. In the year 1980 the 
total area under this class was 5.39 Km2 (2.3% of the 
total study area) which decreased to 4.80 Km2 (2.05% of 
the total study area), losing 5.9 Km2. 
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Figure 4. Built-up area of Srinagar city 1980 & 2010. 
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Figure 5. Non built-up area of Srinagar city 1980 & 2010. 
 

Table 3. Land use/land cover of 2010. 

Land use/land cover 2010 Percentage %

Built-up area 62.51 26.66 

Parks/Gardens & Playground 3.72 1.59 

Vacant 2.55 1.08 

Agriculture 109.49 46.7 

Plantation/Orchard 26.22 11.18 

Forest 1.53 0.65 

Barren 4.80 2.05 

Marshy 4.68 2 

Water body 18.95 8.08 

TOTAL 234.46 100 

 
Marshy: Marshy class includes the wet lands in and 

around the water bodies of the city. In the year 1980 the 

total area under this category was 16.67 Km2 (7.1% of 
the total study area) which decreased to 4.68 Km2 (2% of 
the total study area) in 2010. Among all the land use/land 
cover classes, marshy class is the prominent victim of 
urban expansion in Srinagar city, losing 11.98 Km2 during 
the study period. 

Water body: Water body includes the rivers, lakes 
and water reservoirs of the city. In the year 1980, the 
total area mapped under this category was 21.45 Km2 
(9.15% of the total study area) which decreased to 18.95 
Km2 (8.08% of the total study area) in 2010. The 
anthropogenic pressure over the water bodies have resulted 
in decrease of more than 2.50 Km2 during the study 
period.  

Statistical Results 

Table 4 was computed to obtain (∑D); the summation of 
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the differences between two sets of data (∑D2); square 
the summation of the differences between the two sets of 
data which will be used in calculating to determine the 
calculated t. 

Calculations: (Substituting into the formula where n = 
2 (1980 and 2010). 

∑D = 108.44 
∑D2 = 3017.123 

 1 22
D D

n 1


S.P 


 

 

 

2 2
108.43

2 1

3017.123
S.P 


 

S.P = 2908.69 
Therefore the calculated t = 2908.69 
Using the table, 
The degree of freedom = n – k 
where n= Number of observations 
k = Number of variables 
Hence, n = 2 
And k = 1 
The degree of freedom = 2 – 1 = 1 
Using 1% significant level 
Therefore, 1/100 ÷ 2 = 0.005 
Using the table with degree of freedom which is = 1 and 
checking at 0.005 significant level. 
The tabulated = 63.66 

Therefore calculated t (2908.69) is > tabulated t (63.66), 
hence we reject the null hypothesis, since calculated value 
(of t) is more than the tabulated or critical value of t. 
Therefore, in the result interpretation it is concluded that 
there is significant change in land use/land cover pattern 
between 1980 and 2010. 

5. Land Transformation 

Land Transformation is the process where changes in 
land use/cover are observed at different time periods and 

 
Table 4. Computed statistics for land use/land cover 1980 & 
2010. 

Land use/land cover D (Km2) (B-A = X) D2 (Km2)

Built-up area 38.35 1470.7225 

Parks/Gardens & Playground 2.32 5.3824 

Vacant 2.62 6.8644 

Agriculture 34.59 1196.4681 

Plantation/Orchard 13.55 183.6025 

Forest 1.93 3.7249 

Barren 0.59 0.3481 

Marshy 11.99 143.7601 

Water body 2.50 6.25 

TOTAL 108.44 3017.123 

it is one of the important fields of human induced envi- 
ronmental transformation. Land is in a continuous state 
of transformation as a result of various natural and man- 
made processes. Apart from land use/cover change, Sri- 
nagar city experienced significant interchange of land 
between different classes during the study period which 
is because of economic and social transformation leading 
to the land transformations.  

Table 5, and Figure 6, shows the interchange of vari- 
ous land use classes of the city. The development and ex- 
pansion of the city has led to increase in demand for vari- 
ous built up land e.g., residential, commercial, industrial 
etc., purposes. 

Significant land transformation was witnessed among 
built-up area, vacant, plantation/orchards, agriculture and 
water bodies/marshy lands. Built-up area increased by 
38.35 Km2, capturing land mainly from agriculture, vacant, 
plantation/orchards and marshy area. Parks/Gardens and 
play grounds increased by 2.32 Km2, gaining area from 
plantation and forest area. Plantation/orchards land lost 
6.89 Km2, this loss was gain for built-up, parks and or- 
chards, and vacant area. Vacant lost its 2.62 Km2 to built- 
up area for residential and commercial development and 
also for agriculture and horticulture area expansion. Ag- 
riculture lost 34.69 Km2 of land for residential, comer- 
cial, industrial, recreational (parks and gardens) and hor- 
ticulture (plantation/orchards) developments. Marshy area 
and water bodies lost 14.49 Km2 area mainly to agricul- 
ture, plantation/orchards, residential and governmental 
land use. 

6. Causes of Land Use/Cover Change and 
Transformation 

There are two fundamental steps in any study of land use 
change i.e., detecting change in landscape, and attribute- 
ing that change to some set of causal factors. Table 6 
shows increases and decreases in different land use/cover 
classes between 1980 and 2010. 
 

Table 5. Land use/land cover changes 1980 and 2010. 

Land use/land cover Change (in hectares) 
% age 

Change 

1. Built-up area 38.35 158 

2. Parks/Gardens& Playground 2.32 165.7 

3. Vacant –2.62 –50.6 

4. Agriculture –34.59 –24 

5. Plantation/Orchard 13.55 107 

6. Forest –1.93 –55 

7. Barren –0.59 –11 

8. Marshy –11.99 –71.8 

9. Water body –2.50 –11.6 

Note: Area in hectares; SOURCE: Based on Town planning map of Srina- 
gar city 1980 on 1:15,000 scale and IRS-1D LISS III + PAN 2010 merged 
satellite imagery of Srinagar city. 
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Figure 6. Land transformation in Srinagar city 1980-2010. 
 

Table 6. Srinagar city: land transformation (1980-2010). 

Land Use 
1 

Bup 
2 

Prk 
3 

Vac 
4 

Agr 
5 

Pl/Orc 
6 

For 
7 

Bar 
8 

Mar 
9 

Wat 

TOTAL 
Area 

(2010) 

1. Built-up 24.16  3.85 29.32 2.58 0.71 0.59 1.26 0.03 62.51 

2. Parks & Gardens  1.40   1.49 0.83    3.72 

3. Vacant   5.17 1.85 0.685     2.55 

4. Agriculture   1.09 144.08 2.14   10.415 1.48 109.49 

5. Plantation/Orchards   0.215 18.54 12.66 0.39  0.88 0.42 26.22 

6. Forest      3.46    1.53 

7. Barren       5.39   4.80 

8. Marshy        16.67 0.92 4.68 

9. Water body        0.35 21.45 18.95 

Note: Area in hectares. Figures in bold (diagonally) are area under that particular land use in 1980, while the figures in the same column represent the conver-
sion in area to other land uses. Similarly, figures in the same row are increases in area, captured from other land uses; SOURCE: Based on IRS-1D LISS + 
PAN Satellite imagery (2010) and Town planning map (1980) of Srinagar city. 

 
The increase in built up area is attributed to the in- 

creasing population due to natural increase and in-mi- 
gration from the adjoining districts to the city, mostly 
from north and south and the development made in sec- 
ondary and tertiary sectors resulting into increase in resi- 
dential, commercial infrastructural development. The city 
development has also witnessed increase in the increase 
in the area under parks/gardens as the city is an important 
tourist destination. 

activities. The shift from crop cultivation to horticulture 
activities have also contributed to the decrease of total 
land area under agriculture. 

The area under plantation/orchard increased because 
of two reasons; firstly, farmers shifted from the tradi- 
tional crop cultivation to the horticulture activities i.e., 
production of timber and various fruits like Apple, Cherry, 
Almonds, Apricot, Walnut etc., which was more remu- 
nerative than the traditional food crop cultivation. Se- 
condly, the annual threat of floods in the low lying area- 
forced the farmers to opt for horticulture activities. 

The area under vacant land decreased because of in- 
creasing population pressure in the core area compelling 
rich people to move to these vacant lands. This has re- 
sulted into the emergence of residential colonies in the 
outskirts of the city. 

The demand for land has also consumed forest cover, 
marshy areas and water bodies. It is an alarming environ- 
mental issue where government regulations are common- 
ly violated. 

Agricultural area decreased because of occupational 
shift of farmers from primary to secondary and tertiary  
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7. Conclusions 

The above analysis suggests that Srinagar city witnessed 
rapid and large scale land use/cover changes and trans- 
formation during the study period of 30 years (1980- 
2010). This change was tested using paired t-test at 
0.01% significance level. The calculated “t” value was 
found to be more than the tabulated value which validates 
the significant changes in land use/land cover during the 
study period. The change was attributed to the increase in 
urban population during the study period along with 
socio-economic transformation in the city.  

The expansion led to interchange of land, swallowing 
the fertile agricultural land in its fringe area, where in- 
dustrial and residential expansion is taking place. The in- 
creasing population led to the decrease in per capita land 
availability resulting into increasing land value and short- 
age of land. This situation has accelerated the rate of ur- 
ban expansion and land transformation and the process is 
still continuing. 
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