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ABSTRACT
The human interference and modification of landscape has occurred globally but has increased

incidence and consequences in the developing countries mostly due the population growth, fragility
of landscape and unplanned development. The aim of the study is to detect the land use changes
between 1990-2010 using satellite images of IRS-IC LISS-III (2010) and LANDSAT TM (1990) and
SOI topographic maps. During the 20 years all the three sites have shown major land use changes.
Among these, site I has undergone positive changes into Cropland 46 ha (14.64%), Horticulture
land 12 ha (3.82%), Built-up 2 ha (0.63%) while, the areas of site II has shown an alarming decrease
in pasture land with 7 ha (2.22%), Sparse forest land 12 ha (3.82%). However, the site III has
shown a remarkable decrease in the area of Dense forest land 56 ha (17.82%), water bodies 5 ha
(1.59%) as well as depicts marked increase in the area of Scrub land 136 ha (43.31%), Pasture land
65 ha (20.70%). These changes have clearly established that the Hirpura wildlife sanctuary is
under an imminent threat to its very existence. Thus, it becomes imperative that the government
should prepare working plans for its conservation which has not taken yet.
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INTRODUCTION
Land use and land cover are two essentials unfolding the terrestrial environment in connection

with both natural as well as anthropogenic activities (Bender et al., 2005; Mendoza et al., 2010).
Land cover refers to the physical and biological cover over the surface of land, including water,
vegetation, bare soil and/or artificial structures (Ellis and Pontius Jr., 2006). Turner et al. (1995)
believe land use involves both the manner in which the biophysical attributes of the land are
manipulated and the intent underlying that manipulation-the purpose for which the land is used.
Lambin et al. (2007) differentiate between land cover (i.e., whatever can be observed such as grass,
building) and land use (i.e., the actual use of land types such as grassland for livestock grazing,
residential area). The Land Use Land Cover (LULC) is an amalgamated term consists of both
categories of LU and LC and as such analysis of these changes become imperative to study and
understand many social, economical and environmental problems (Pelorosso et al., 2008). The
LULC change analysis has emerged as an important research question, because LULC change has
been identified as a key factor which stands responsible for  environmental  modification 
worldwide (Xiao et al., 2006). Further, LULC change is known as a complex process which is caused 
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by the mutual interactions between environmental and social factors at different spatial and
temporal scales (Rindfuss et al., 2004; Valbuena et al., 2008; Iqbal and Khan, 2014; Hassan et al.,
2015). Vitousek (1994) notes that three of the well-documented global changes are increasing
concentrations of carbon dioxide in the atmosphere, alterations in the biochemistry of the global
nitrogen cycle and on-going land-use/land-cover change.

Though many studies were undertaken to understand the land use and land in different parts
of India, not much studies were carried out in Hirpora Wildlife Santuary Shopian. So, a
preliminary study was carried out to understand the present overlay of land use and land cover.
Though, it is possible to monitor LULC changes by involving traditional surveys and inventories
but Satellite Remote Sensing (SRS) apart from being advantageous in terms of cost and time saving
for regional scale also provides large scale data on LULC changes with information about their
geographic distribution (Yuan et al., 2005). Geographic Information Systems (GIS) and Remote
Sensing (RS) have proved to be useful tools for assessing the spatiotemporal dynamics of LULC
(Hathout, 2002; Herold et al., 2003; Serra et al., 2008). The study focuses on the effectiveness of
satellite data for land use/land cover change of the study area.

MATERIALS AND METHODS
Study area: The present study was carried out on land use/ land cover changes at Hirpura Wildlife
Sanctuary. It is located in Shopian district of Kashmir, 70 km South  of  Srinagar  at  an  around
33°39’  55”  N  latitude  and  74°39’  40”  E longitude at an altitude of 2546 m above mean sea level
(Fig.  1).  This  sanctuary  was  established  in  1987 and its total area is 341.25 km², beautified by

Fig. 1: Map showing the study area
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 forests, pastures, scrub land, waste land and water bodies. This sanctuary is bounded to the North
by lake gumsar, Northeast by Hirpora village, East by Rupri, South by Suransar and to the West
by the Pir panjal pass. The vegetation types present within the Sanctuary included Western mixed
coniferous  forests,  deciduous sub-alpine  scrub  forests  and  sub-alpine  pastures.  The  Sanctuary
is also abode to many species of animals including Himalayan brown bear, Musk dear, Leopard,
Tibetanwolf  and  around  50  individuals  of  critically  endangered Pir Panjal Markhor. Besides
130 species of birds are also present in the sanctuary.

The climatic conditions of the Hirpora are somehow different from Kashmir valley. The highest
day temperature is in between 6-27°C in Summers and the Winters are chilly with heavy snowfall.
Its forests comprise of Western mixed coniferous forests and deciduous sub-alpines scrub forests.
The presence of pastures and meadows beautify the area and provide a grazing site during
Summers. The pastures are situated at an altitude of 2546 m above the mean sea level i.e., Sokh
Saria. For the purpose of present study, three study sites were selected for observing the land
use/land cover change (Fig. 2).

C Site I: Hirpura village: This site lies near the gateway of Hirpura wildlife sanctuary. It lies
at an altitude of 2250 m above mean sea level within geographical coordinates of 33°40’30” N
and 74° 44’ 40”E

C Site II: Dabjan: This area lies within the Wildlife Sanctuary in the midway between Hirpura
village and Sokh Saria. It is very close to the forest area of the region. It lies at an altitude of
2545 m above the mean sea level within geographical coordinates of 33°40’24” N and 74°40’48”E

C Site III: Sukh Sarai: This site is located 8.7 km away from Hirpura village. It lies very close
to Rambiara Nallah within the Wildlife Sanctuary. The site lies at an altitude of 2546 m above
the mean sea level within geographical coordinates of 33° 39’55”N and 74°39’ 40”E

Database and methodology: IRS 1C LISS III with 23.5 m resolution acquired on October 25 2010
and LAND SAT TM data of October 20 1990 were used as source data. The scheme adopted for land 

Fig. 2: Location of sampling sites in Hirpora Sanctuary
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use/land cover classification is the level I and II of NRSA with local modification. The Hirpur
Sanctuary sites were accordingly divided into nine classes namely,  Crop  Land,  Horticulture,
Built-up, Dense Forest, Sparse Forest, Scrub Land, Pasture Land, Waste Land and Water Bodies.
The remotely sensed data was geometrically corrected using toposheets as reference. On Screen
digitization approach was used. During the computation of change detection of area under land
use/land cover categories, the percentage change of the total area was calculated which is the
change of area in a particular category divided by total area of Catchment multiplied by 100.

RESULTS AND DISCUSSION
The land use/land cover maps of 1990 and 2010 of all the three sites is given in Fig. 3, the

statistics have been presented in Table 1 and depicted in Fig. 4. The Results have been analyzed
in two ways, one is the site wise dynamics of LULC and the other is the LULC category wise
change in all the three sites.

Site wise land use land cover dynamics
Site I (Hirpura village): The data reveals that the cropland has shown marked  increase  from
30 ha in 1990 to 46 ha in 2010, which constituted about 14.64% of the total area at present  and
thus registering an increase  of  5.0%  from  last  two  decades.  The  horticultural  land  in  the area 

Fig. 3(a-b): Land use/land cover change in three sites of Hirpora Wildlife Sanctuary, (a) Classified
from Landsat TM-1990 and (b) IRS P6 LISS III-2010
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Fig. 4: Land use/land covers change in three sites of Hirpora Wildlife Sanctuary, (a) I, (b) II and
(c) III

Table 1: Land use/land cover change in three sites of Hirpora Wildlife Sanctuary
Site I Site II Site III

LULC ---------------------------------------------------- ---------------------------------------------------- ----------------------------------------------------
category 1990 2010 Change (%) 1990 2010 Change (%) 1990 2010 Change (%)
Crop land 30 (9.55) 46 (14.64) 16 (5.09) - - - - - -
Horticulture land 6 (1.91) 12 (3.82) 6 (1.91) - - - - - -
Built up 1 (0.31) 2 0.63) 1 (0.31) - - - - - -
Dense forest 132 (42.03) 98 (31.84) -34 (-10.82) 240 (76.43) 200 (63.69) -40 -12.73 96 (30.57) 56 (17.82) 40 -12.73
Sparse forest 58 (18.47) 52 (16.56) -6 (-1.91) 24 (7.64) 12 (3.82) -12 -3.82 138 (43.94) 46 (14.64) -92 -29.29
Scrub land 46 (14.64) 69 (21.97) 23 (7.32) 20 (6.36) 58 (18.47) 38 12.10 45 (14.33) 136 (43.31) 91 28.98
Pasture land 1 (0.31) 2 (0.63) 1 (0.31) 4 (1.27) 7 (2.22) 3 1.27 24 (7.64) 65 (20.70) 41 13.05
Waste land 20 (6.36) 18 (5.73) -2 (-0.63) 6 (1.91) 25 (7.96) 19 6.05 0 6 (1.91) 6 1.91
Water bodies 20 (6.36) 15 (4.77) -5 (-1.59) 20 (6.36) 12 (3.82) -8 -2.54 11 (3.50) 5 (1.59) -6 -1.91
Source: Calculated from Landsat TM-1990 and IRS P6 LISS III-2010, The figures in the parenthesis represent the percentage and the
unit of measurement is Hectares

consists of apple trees mostly. This sector has shown a sharp increase from 6 ha in 1990 to 12 ha
in 2010, which contributed about 3.82% of the land area of the region and thus experiences an
increase of 1.91%. The sharp increase can be attributed to the economic values of the cash crops.
The area under built up has shown an increase from 1 ha in 1990 to 2 ha in 2010 (Fig. 3).
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Dense forests have witnessed drastic and alarming decrease from 132 ha in 1990 to 98 ha in
2010, which constituted about 31.84% of the total area at present and thus accounting for 10.82%
decrease. The sparse forest have shown a marked decrease in this area. The area has decreased
from 58 ha in 1990 to 52 in 2010. The area under scrub land has increased from 46 ha in 1990 to
69 ha in 2010, which constituted about 21.97% of the total area at present.

The water bodies in this area have shown a marked decrease from 20 ha in 1990 to 15 ha in
2010. The area under waste land has shown a small decrease from 20ha in 1990 to 18ha in 2010,
which contributed only 5.73% of the total area in 2010. The area under pastures constituted a small
portion of the total area and the change over two decades is not so significant.

Site II (Dabjan): A perusal of data in Table 1 indicates that area under scrub land have shown
a drastic increase from 20 ha in 1990 to 58 ha in 2010. There has been an increase of 18.47% of
total area. The presences of lush green forest suffice the local needs of the people and contribute
to the tourist attraction. In 1990, the area under dense  forest  was  240  ha, which  constituted
76.43% of the land area of the region. The areas have declined to 200 ha in 2010, which constituted 
63.69% of  the  total  area  at  present  and  thus  registering  a decrease of 12.73%.  From  the  past 
decades  the area under sparse forest has decreased from 24 ha to 12 ha which constituted a small
area (3.82% of the total area).

The study further indicates that the area under water bodies has shown a sharp decrease from
20 ha in 1990 to 12 ha in 2010, which contributed 3.82% of the total area at present and has shown
a  decrease  of  2.45%  from last decades. The area under waste land has shown an increase from
6 ha in 1990 to 25 ha in 2010. The area under pastures has shown a small increase from 4 ha in
1990 to 7 ha in 2010.

Site III (Sukh Sarai): The findings reveal that the dense forests constituted 30.57% of the total
area in 1990, which declined to meager 17.82% of the total area in 2010. This depicts a decrease
of over 12.73% from last two decades (Table 1). The sparse forests have shown a huge and alarming
decrease in this area. The area has decreased from138 ha in 1990 to 46 in 2010. The area under
scrub land has increased from 45 ha in 1990 to 136 ha in 2010, which constituted largest area
comprises of 43.31% of the total area at present. This depicts increase of over 28.98% from the past
two decades.

One of the striking findings of the study is that the water bodies in this zone have shown the
largest decline in the past two decades. The area in this sector have declined from 11 ha in 1990
to 5 ha in 2010, which constituted only 1.59% of the total area at present and thus registering a
decrease of 1.91%. The area under waste land has shown an increase from 0ha in 1990 to 6 ha in
2010. The presence of pastures has magnified the beauty of the wildlife Sanctuary in particular to
Sukh Sarai at an altitude of 2546 m above mean sea level. The pastures are present have shown
a largest increase from 24 ha in 1990 to 65 ha in 2010, which constituted an increase of 13.05%
from last decades. The pastures once provide an excellent site to grazing in summers.

Category wise land use land cover dynamics
Scrub land: It was analyzed that area under scrub land is mostly present at site III (43.31% of the
total area) also this site has shown greater increase in scrub land area compared to site I and site
II which have 21.97 and 18.47% of the total area respectively. Scrub land area has increased in site
I, site II and site III from the past two decades which may be at the cost of decrease of forest cover
(Olsson et al., 2000).
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Dense forest: Comparing the three sites, dense forests at site I, site II and site III have shown a
decreasing  trend.  Site  II  has  the  largest  forest cover area at present because of fencing (63.69%
of the total area) followed by site I (31.84% of the total area) and site III (17.82% of the total area).
This decrease in the forest area is mainly due to natural factors, population pressure and
increasing demands of people for timber, fuel wood, land for settlement, roads (Mughal road),
agriculture etc have lead to declining of the forest area (Sharma and Roy, 2007; Farooq and Rashid,
2010).

Sparse forest: Sparse forests at site I, site II and site III have shown a decreasing trend from
18.47% in 1990 to 16.56% in 2010, 7.64% in 1990 to 3.82% and 43.94% in 1990 to 14.64% in 2010
respectively. Site II has shown largest decrease in the sparse forest area compared with site I and
site III. This decrease in sparse forest is mainly due to population expansion, increasing demand
of the people for firewood, fuel wood and other minor forest products. These findings are in
conformity with findings of Sen (2002). Lack of employment opportunities also compels the people
to depend on forests (Sharma et al., 2009).

Crop land: Crop land of the three sites constitutes a very small portion of the total area. Crop
lands at site II and site III are absent because of absence of permanent settlement while, it has
increased from 30 ha in 1990 to 46 ha in 2010 at site I. Site I has only crop land area compared with
other two sites. This increase is due to conversion of forest land, grassland and woodland into
cropland (Houghton, 1994; Williams, 1994; Kaul et al., 2009).

Horticulture land: Horticultural land of the three sites contributes a very small portion of the
total area. Horticulture land at site II and site III are absent because of absence of permanent
settlement while it has increased from 6 ha in 1990 to 12 ha in 2010 at site I (Fig. 4). The increase
in horticulture land area can be attributed to the fact that people are shifting towards the
cultivation  of  cash  crops  and  this  has uplifted their socio-economic status (Rigterink, 1989;
Uhlig and Kreutzmann, 1995).

Water bodies: Comparing the three sites, water bodies at site I, site II and site III (Fig. 4) have
decreased  from 20 ha in 1990 to15 ha in 2010, 20 ha in 1990 to 12 ha in 2010 and 11 ha in 1990
to 5 ha in 2010, respectively. Site III has shown the largest decrease in the water bodies’ area
compared with site I and site II. This decreasing area of the water bodies may be due to land
transformations. These findings are in conformity with the findings of (Fazal and Amin, 2011). The
shrinking  of  water  bodies can also be attributed due to climate change as was  witnessed by
Pielke et al. (2002).

Pasture land: Comparing the three sites, pasture lands at site I, site II and site III have shown
an increasing trend from last two decades. Site III has the largest pasture land at present (20.70%
of the total area), when compared with site II and site I which comprises of 2.22 and 0.63%
respectively. The area of site III acts as a grazing site in summers as the tribal’s and nomads drive
their livestock to these areas because of pleasant temperature. This increase in pasture land is
mainly due to the conversion of grass land, woodland and forest into pastures (Houghton, 1994;
Williams, 1994; Sang et al., 2013).
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Waste land: Waste lands at site III and site II have shown an increasing trend from last two
decades. While, site I shows a decreasing trend from last decade. Waste lands have increased from
0 ha in 1990 to 6 ha in 2010 at site III and 6 ha in 1990 to 25 ha in 2010 at site II. Site II has
largest waste land area compared with other two sites. This increase is due to the conversion of
forest land into waste land by way of deforestation. These findings are in collaboration with the
findings  of  (Kaul et al., 2009). Site I has shown a decline trend of pasture land from last decade
(20 ha in 1990 to 18 ha in 2010). The reason behind this decrease is mainly due to conversion of
waste land into agriculture to fulfill the needs of growing population (Roy, 1988).

CONCLUSION
The study has irrevocably established that the human induced changes have triggered the

processes of environmental degradation. The human activities in the area can be broadly
categorized as, a) the fragmentation of the forests by construction of roads which not only brings
ecological changes but also makes them vulnerable to the timber smugglers, b) conversion of blank
forests/flood plains into agriculture and allied activities which is detrimental for forest renewal and
disturbs the ecosystem and c) extending the built up into the sanctuary by encroaching the area
is causing a huge pressure on the sanctuary in terms of fuel wood and grazing. The major processes
of degradation include the conversion of dense forests into the sparse forests, decrease or
degradation in the pasture land, decrease in water bodies, increase in agriculture and horticulture
and increase in shrub land. These changes have clearly established that the Hirpura Sanctuary is
under an imminent threat of massive degradation particularly of those induced by humans. Thus
it becomes imperative that the government should prepare working plans for the effective
management of the land needs to take steps for the establishment of nurseries, farm forestry and
regeneration of forests that can help in the sustainable development of the area and
implementation J and K Wildlife (Protection) Act, 1978 for the conservation of Hirpura Wildlife
Sanctuary.
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