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ABSTRACT: The Margalla Hills forest has experienced several constraints such as urban encroachment,

industrial development along the northwestern margins, grazing, fuel and fodder consumption, selective tree 

felling and rock mining activities. All these factors put pressure on remaining forest communities and

therefore monitoring of different vegetation types was considered imperative before they are completely

eliminated from the site or replaced by invasive species. This study is an attempt to evaluate Landsat TM and

SPOT XS data for vegetation mapping and deforestation assessment of dry-subtropical forest of Margalla

Hills in northwest of Pakistan. The results indicate that between 1990 and 1998 forest cover decreased at an 

annual rate of 0.6%, whereas sparse vegetation increased at an annual rate of 11.8% and that a land-area of

about 70.6% of the total area remained unchanged while 28.8% of the total land was changed to other land-

covers. The results of this study provide baseline data for deforestation and its impact on the natural forest

resources.

1 INTRODUCTION

Remote sensing holds much promise for revealing 

exactly where and when deforestation is taking place 

and provides baseline information for assessing 

land-use changes. In recent years, the use of satellite 

imagery has shown that earlier statistics are not 

reliable and are open to many errors and distortions. 

Analysis of remote sensing data suggests that the 

overall rate of loss of rain forests (204,000 km2) is 

over 80% higher than the estimates by FAO in 1980 

(114,000 km2) (United Nations Environment 

Program, 1987). There have been a number of 

applications of remote sensing to estimate 

deforestation rates and total area cleared over large 

regions (Tucker, 1984; Nelson and Holben, 1986; 

Malingreau and Tucker, 1988; Skole and Tucker, 

1993). Deforestation has been quantified using 

Landsat TM imagery over the entire Amazon (Sokle 

and Tucker, 1993) and in southeast Asia through 

NASA's Landsat Pathfinder project (Chomentowski 

et al., 1994). Over Africa, JRC TREES (Tropical 

Ecosystem Environmental Observation by Satellites) 

project and other workers have been using a multi-

satellite observation to map land-cover and 

deforestation in Africa (Gilruth and Hutchinson, 

1990; TREES, 1995; Mayaux and Malingreau, 

1996). Radar remote sensing technology has also 

been used in tropical forest studies primarily for 

their mapping purposes (TREES, 1995). Results 

from the analysis of optical data such as Landsat TM 

indicate that to assess the extent of deforestation in 

the tropical rain forest environment is possible and 

when combined with Shuttle Imaging Radar SIR-

C/X-SAR, JERS-1 and ERS-1 data can improve the 

detection of secondary growth and plantations 

(Saatchi et al., 1996; Rignot et al., 1996; TREES, 

1995; Sader, 1987). Based on these studies, Landsat 

TM and SPOT XS data were used for mapping 

deforestation in the sub-tropical forest of Margalla 

Hills. The object of the study was to assess the 

extent of damage caused by deforestation which has 

been accelerating at a rapid rate during the last ten 

years and at the same time prepare the land-cover 

change map and record forests types before their 

disappearance from the site. This base line data 

would be a timely reminder to the planners and  

forest conservation personnel, as to the extent of 

damage to natural resources which is caused by 

deforestation.
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2 STUDY AREA

The Margalla Hills form the backdrop of Pakistan’s 
capital city Islamabad to the north. It lies between 
33° 42’ 84’’ and 33° 49’ 28’’ north and 72° 49’ 05’’ 
and 73° 22’ 00’’ east. The foothills run 
approximately in a north by northwest direction and 
are about 40km in length. Together with the Kala 
Chita Hills (Attock district) they form the northern 
boundary of the Pothowar plateau. The area 
comprises about 12, 605 hactares, major vegetation 
is sub-Himalayan tract forest. The topography of the 
area is rugged, varying in elevation comprising 
mainly of steep slopes and gullies where the rock 
structure is basically limestone (Yasin and Rubina, 
1987).

The physical features exhibit high mountainous 
belt in the northeast and west, rising up to 2200 m 
with a narrow intervening valleys. The mountains 
have moderately steep to steep slopes, while the 
plateaus show level to undulating topography, with 
isolated infrequent gullies. The Margalla Hills are 
largely Tertiary in age with smaller areas of 
formations belonging to quartzitic sandstone, 
calcareous shale and limestone (Hijazi, 1984). The 
slopes are mostly rocky, having a spongy soil 
structure that is freely drained. The soil is derived 
from wind, water laid deposits on sedimentary rocks. 
The soil from wind deposits is dark brown to 
yellowish brown, has medium to fine texture and 
well-developed profile. The subsoil is usually of 
calcified or calcareous silt loam.  

Climatically the area falls in the semi-arid zones 
having moderate summer and winters. The mean 
maximum temperature is 41°C and mean minimum 
temperature is 1°C, often falling below zero. The 
monsoon which starts in July has a diluting effect on 
the weather. The average monthly rainfall for the 
monsoon season (July to September is 245mm with 
a maximum rain falling in the month of August. The 
mean relative humidity for the same period varies 
between 59-67%. Population is randomly dist-
ributed, mostly near water streams and springs. In a 
census of Capital Development Authority acquired 
land in August 1991, there were 5749 people living 
in 23 settlements (villages).  

3 METHODOLOGY

For the image analysis and production of thematic 

maps, ERDAS IMAGINE 8.2 and ILWIS 2.1 

softwares were used in Satellite Ground Station 

(SGS) Laboratories, SUPARCO (Pakistan Space and 

Upper Atmospheric Research Commission), 

Islamabad. Three SPOT HRV2 and one Landsat TM 

5 image of the study area were obtained for 8 June 

1998 (SPOT XS) and 26 May 1990 (TM) 

respectively. The quality of the images was 

excellent. The selection was made on the basis of 

cloud-free image availability. Prior to the formal 

processing, a topographic map at a scale of 1:50,000 

obtained from the Survey of Pakistan, Rawalpindi, 

was scanned and imported into the image processing 

software and was geometrically corrected using 

ground control points (GCPs) from the topographic 

sheet as well as from the field visits using a GPS. 

These reference points (GCPs) were used to derive 

polynomial transformations of the first order (affine 

transformation). Thirty nine GCPs were used for the 

affine transformation. After the thirteen GCPs with 

the largest residuals were eliminated, a RMSE of 

0.19 metre was achieved. After geo-referencing, the 

image was resampled by applying an interpolation 

method of nearest neighbourhood to retain 

radiometric integrity. An area of original image 

containing the study site was subset from the full 

scenes of the SPOT XS and Landsat TM which were 

then geometrically corrected from the geometrically 

corrected topographic map. Satellite data of each 

year was classified using supervised classification 

and accuracy of each map was expressed as a matrix 

showing errors of commission and omission. Overall 

classification accuracy and accuracy of individual 

classes, overall kappa statistics and kappa statistic of 

each class was computed (Congalton et al., 1983; 

Rosenfield and Fitzpatrick-Lins, 1986). 
By using map calculation functionality tool in 

ILWIS 2.1, individual land-cover classes were 
masked from the classified maps of the study site. 
Cross operation was performed on the individual 
land-cover categories resulting in area loss, area gain 
and area that remained unchanged. In order to 
quantify the areas present in 1990 and changed to 
other categories in 1998, an overlay technique was 
used. Land-cover categories from cross maps of 
areas lost and gained of 1990 and 1998 were laid 
over each other and a change map was produced. 

By extracting the area, a quantified overview of 
type of change was made. 

4 RESULTS AND DISCUSSION 

Table 1 gives the areal extent of the land-covers in 
the area during 1990 and 1998 and shows the 
percentage of decrease/increase and annual 
gain/decline rate. Table 1 also indicate that the forest 
land-cover category was the most extensive land-
cover type in the area in 1990, covering 59.4% 
(8353.5 ha) of the area. About 15.4% of the area was 
in the process of degradation resulting in sparse 
vegetation covering an area of 2167 ha. Settlements 
occupied 14.6% (2053.1 ha) of the area while 10.6% 
(1495.4 ha) of the area was used for the cultivation 
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of different crops, mostly wheat and maize, making 
it the least prevalent land-cover class during 1990. 

By the year 1998, the proportion of forest class 
although in decrease still remained the most pre-
valent class covering 56.3% (7919.2 ha) of the total 
area whereas sparse vegetation increased and 
extended over an area of 4220.5 ha equivalent to 
30% of the entire study site. Cultivated land declined 
from 1495.4 ha to 1221.4 ha during 1990-98. This 
land-cover was largely confined close to the villages 
along the southeastern and southwest periphery of 
the forest reserve. Settlements dropped its rank from 
third place to last place, 8 years later, and extended 
over an area of 5%. It is also clear that forest class 
had declined at the rate of 0.8% whereas sparse 
vegetation was expanded at the rate of 11.8%, while 
cultivated land and settlements had decreased at the 
rate of 2.3% and 8.2% annually. 

Table 2 presents the areal extent of all land-cover 
classes produced after crossing individual land-cover 
types. It also shows that 499.8 ha (3.6%) of the total 
agriculture land present during 1990, remained 
unchanged by 1998, while 995.6 ha of the 
agricultural land during 1990 converted to other 
land-cover classes. However in addition to 
unchanged land area used for agriculture in 1990, 
new farmlands equal to 721.0 ha were added in 
1998. Also 5025.4 ha of forestland were lost by 
1998 whereas 4591.1 ha of new forest land were 
observed in 1998. However 3328.1 ha of the original 
forest remained intact over the study period. Major 
changes were observed in the settlement category, in 
which 1420.8 ha was changed to other land-cover 
classes, and 632.3 ha remained unchanged. In 
addition to the unchanged area, 75.4 ha were 
converted to this category from other classes 
resulting in a total land area of 707.7 ha by 1998.

Table 1 Changes in vegetation cover at Margalla Hills reserve 

forest  (1990-98) 

Area (ha) % Class

Name 1990 1998 1990 1998 

Dif (ha) %

Dc/In

An-gr

Agr 1495.4 1221.6 10.6 8.7 -273.8 -18.3 -2.3 

Fr 8353.5 7919.2 59.4 56.3 -434.3 -5.2 -0.6 

Urb 2053.1 707.7 14.6 5.0 -1345.4 -65.5 -8.2 

Sp 2167.0 4220.5 15.4 30.0 2053.4 94.8 11.8 

Total 14069 14069 100 100    

Note: decrease carries negative sign while increase carries 

positive sign 

Key: Agr: agricultural land, Fr; Forest,  Sett: settlements/barren 

land, Sp: sparse vegetation, Dif: difference of hactare between 

1990 and 1998, In: increase, Dc: decrease, An-gr annual 

growth rate between 1990 and 1998, Unch: unchanged, Ch: 

changed, Cl: class names T: totals.  

Table 2 Areal extent of land-covers of 1990-98 cross map of 

each category  

Class 90 Class 98 Area (ha) Class 90 Class 98 Area (ha)

Agr 90 Agr 98 499.8 Fr  90 Fr 98 3328.1 

Agr 90 ? 995.6 Fr 90 ? 5025.4 

? Agr 98 721.0 ? Fr 98 4591.1 

Urb 90 Urb 98 632.3 Sp 90 Sp 98 1637.2 

Urb 90 ? 1420.8 Sp 90 ? 529.8 

? Urb 98 75.4 ? Sp 98 2583.3 

Out of the 2167 ha of the sparse vegetation, 
1637.2 ha remained unchanged whereas 529.8 ha 
were converted to other land-cover classes. An 
increase of 2583.3 ha by 1998. Table 3 summarizes 
the per-centages of land-cover changes within each 
cover type during 1990 and 1998. It also shows the 
distribution of lost land-covers over the study period 
into other cover-classes. By the year 1998, 8.5% of 
the forest land was converted mostly to sparse 
vegetation, agricultural land and settlements con-
tributing 8.1%, 0.4% and 0.1%, respectively. A 
major change in settlements was observed by 1998. 
Over 10% was changed to sparse vegetation (5.3%), 
agricultural land (4.2%) and to the forest category 
(0.7%). A decrease in agricultural land was observed 
during 1990 and 1998 that was changed to sparse 
vegetation (5.1%), forest land (1.8%) and 
settlements and barren land (0.3%). In the case of 
sparse vegetation, 3.1% of the land area was 
converted to other land-cover classes e.g. forest land 
(3%), agricultural land (0.6%) and urban land 
(0.2%).

Forests that remained intact during the study 
period were 50.9% whereas 8.5% of the forest land 
were degraded indicating the trend towards 
deforestation of forest to sparse vegetation 
especially along the western margin where most of 
the reserve forest suffered severe damage and 8.1% 
of forest was converted to sparse vegetation. Results 
indicate that the dense forest present during 1990 
along the western margin had been completely 
changed to sparse vegetation by 1998 due to stone 
quarries, cultivation, wood cutting for fuel and 
fodder consumption by the villages and the Facto 
cement industry which borders the western 
periphery. One of other main reasons for the loss of 
forest to sparse vegetation can be explained by the 
immense damage caused by wild and accidental fires 
during the summer, when there is no rain for months 
and the temperatures soar up to 45°C and hundreds 
of hectares turn to cinders. The process of 
regeneration starts after a year a so resulting in 
sparse vegetation. Conversion of dense forest to 
agricultural land and settlements was insignificant, 
only 0.5% during 1990-1998. If deforestation 
continues the area is bound to face the negative 
impacts of soil erosion, high temperatures and dust 
storms (Ellis et al., 1994). These negative impacts 

059   431 11-12-2002, 09:58:55



432 Malik, R.N. & Husain, S.Z. 

would further lead to climatic changes and this 
ripple effect would help in an increase of global 
warming in the future (Siddiqui, 1991). 

Figure 1 shows the classified map of 1990 

Figure 2 shows the classified map of 1998 

Legends

 Dense Forest   Sparse vegetation 

 Agricultural Land  Settlements 

Table 3 Land-covers change summary during 1990-98 

Cl  % % Changed to 

T 90 

 Uch  Ch Ag 

98

% Fr 

98

% Ub 

98

% Sp 

98

%

Ag

90

3.6 7.1 499.8 3.6 246.3 1.8 38.2 0.3 711 5.1 1495.4 

Fr

90

50.9 8.5 52.2 0.4 7154.7 50.9 14.9 0.1 1131.7 8.1 8353.5 

Ur

90

4.5 10.1 587.8 4.2 92.4 0.7 632.3 4.5 740.5 5.3 2053.1 

Sp

90

11.6 3.1 81.8 0.6 425.8 3.0 22.3 0.2 1637.2 11.6 2167.0 

T

98

70.6 28.8 1221.6 8.7 7919.2 56.3 707.7 5 4220.5 30.0 14069 

It is clear from the results obtained that the 
vegetation cover change in the Margalla hills reserve 
forest was maximum in the sparse vegetation and 
settlements categories. Sparse vegetation was the 
only category in the study site which almost doubled 
in its size, due to the conversion from forest land, 
agricultural and urban land. The most important 
contribution to sparse vegetation was over 8% from 
the deforestation of dense forest due to illegal 
felling, wood cutting, grazing, fuel and fodder 
consumption and fire/burning of forest (Shinwari & 
Khan, 1998). The CDA and the conservation 
department of the forest division employ forest 
keepers to prevent illegal cutting of forest trees and 

at the same time prevent starting deliberate fires by 
individuals who set fires deep in the dense forest at 
night and extinguish the fire after few hours 
repeating this process until the tree trunks are burnt 
which are then cut to manageable sizes and carried 
away. Often forest keepers are bribed to look the 
other way, thus causing immense damage to dense 
forest. This man-oriented damage is not as common 
as it used to be, but still is in practice. However 
these fires were found to be more frequent at higher 
altitude especially in the pine and mixed forest. 
During the fieldwork many partially burnt pine tree 
trunks were observed. Accidental/wild fires which 
used to and even now with all the fire preventing 
precautions, spread very rapidly and wipeout 
thousands of hectares of dense and open forest. The 
conservation and management authorities of the 
reserve forest have been trying hard to prevent the 
damage and at the same time have started a gradual 
regeneration programme of planting and replacing 
pine and other native trees. 

The settlements land area indicated a decrease of 
1420.8 hectares representing 10.1% change of its 
land from the original area of 2053.1 ha in 1990, to 
707.7 ha in 1998  indicating an annual rate of 
decline of 8.2%. The maximum conversion loss 
from this class was to sparse vegetation and 
agricultural land. It is interesting to note that the 
total area converted from other classes to settlement 
was only 75.44 ha whereas the total area lost to other 
categories came to 1420.8 ha. It is also very unusual 
that at this study site the urban (settlements) land 
area did not increase either in growth of commercial 
areas or in development of new towns/housing 
societies as was the case in other reserve forests 
nearby i.e. Lohibehr and Taktparian and to a small 
extent in the Shaker Parian site (Malik et al., 1999, 
2000). During 1990-98 villagers with small plots of 
land moved out from the forest reserve areas, 
whereas villages lying inside the forest land were 
forcefully evicted by the CDA in order to release 
pressure on the central part of the forest which is 
now the only remnant of the original flora. This 
resulted in a decrease in settlement areas which were 
converted to sparse vegetation and agricultural land. 
However large settlements still exist bordering the 
southeastern and western periphery of the reserve 
forest. The main reason for the decrease in urban 
areas is that in the early seventies the CDA 
responsible for conservation and management of the 
Margalla Hills reserve forest adopted a policy of 
purchasing the land (including houses, agricultural 
and barren areas) from villagers who were settled in 
the reserve forest during the British colonial period. 
Under this scheme the villagers were well 
compensated for their properties and were asked to 
move out of the reserve forest. In those areas from 
which the people have been evicted, their urban 
dwellings and other properties were demolished, 
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with very little agricultural activity e.g., only 
nurseries and fruit/vegetable farms, and the 
remaining areas were left without any proper 
agricultural practices. Over a period of time, these 
areas start to regenerate and gradually convert to 
sparse vegetation cover. There are still many small 
and scattered villages where people still practice 
normal farming and use the land for general 
agricultural purposes. Most of the settlements are 
confined to the southeast and southwest borders the 
forest land in their vicinity is more prone to heavy 
grazing, tree cutting, felling and fodder and fuel 
consumption. Land-cover bordering this category is 
represented by agricultural land and sparse 
vegetation. This pressure is more severe along the 
western periphery than along the eastern side as 
most of the reserve forest has been degraded to 
sparse vegetation and cultivated land. Villagers are 
forbidden by law to log trees, but they still cut and 
damage trees, as pointed out earlier. These farmers 
start cutting and damaging trees, large shrubs and 
bushes of open forest land for their domestic use and 
as a result, converting large areas of this category 
into sparse vegetation. Although the policy of 
eviction is working but it will take a few years 
before most of the reserve forest is free of these 
farmers. 

5 CONCLUSIONS

Results indicate that out of the total area (14069.00 
ha) evaluated for deforestation, 28.8% was 
converted to other land-cover classes whereas a land 
area of 70.6% remained unchanged during the eight 
years. Results also revealed that 50.9% of the forest 
remained intact, whereas 8.5% converted to other 
land-cover classes during 1990 and 1998. Close 
examination of changed areas indicated that out of 
the 8.5% of the land area that was affected, 8.1% 
was changed to sparse vegetation. Urban land has 
also been decreasing during the period of study. The 
programme of paying off, evicting the farmers and 
freeing the agricultural/farm land and urban areas 
has been going on for the past 15-20 years – a 
gradual process which will take time, and in the 
meantime a delicate balance has to be struck to 
preserve and protect the natural resources of the 
forest. Secondly, this study site is very close to 
Islamabad, only few kilometres from the federal 
government buildings complex and the president and 
prime minister’s residence, there is a lot of pressure 
on the CDA not to allow commercial or any other 
developers to use and exploit any part of this site. 
The CDA seems at least to be trying to regenerate 
and conserve this study site. Hopefully the whole 
forest reserve will be free from large and medium 
size settlements and, although there will be a few 
small and scattered villages/farms, these will not 

pose any threat to converting the site into a national 
reserve forest and hopefully the people of Islamabad 
will be able to enjoy its natural beauty for years to 
come. 
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