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Abstract: Deforestation in remote mountainous regions is considered to be one of the fundamental
elements for triggering changes in the biophysical environment driven by various socioeconomic
parameters, particularly population growth and road construction in a previously inaccessible en-
vironment. A sudden increase in population exerts adverse impacts on the local natural resources,
specifically forests. The present study is conducted in Tribal District Kurram, located in the northwest-
ern mountainous belt of Pakistan. This study is aimed to analyze the temporal pattern of deforestation
and to explore the impacts of population growth and accessibility on forest cover. It is based on
remotely sensed data, focused group discussions, interviews and field observations. The satellite
images were processed and classified using ArcGIS and ERDAS IMAGINE. The time span of this
study is 1972 to 2019, which is further divided into three periods. The results revealed that almost
half (48%) of the forest cover was reduced in ca. five decades. However, considerable variation has
been observed in the deforestation rate during the study period. The results of this study revealed
that both population change and accessibility have played a vital role in the deforestation process.

Keywords: accessibility; Afghan refugees; GIS and remote sensing; global environmental change;
Koh-e-Safid Mountains

1. Introduction

Forests provide countless services to humanity and the environment in terms of
provisioning, regulating/supporting and cultural services [1,2]. Forests protect surface
soil, store CO2, sustain healthy environment, and provide food, shelter and fresh water to
living organisms [3]. Nevertheless, presently this ecologically important and economically
valuable resource is under immense pressure, and deforestation is going on in most of the
less developed countries of the world. From 2010 to 2019, on average 4.7 million hectares of
forest were cleared annually [4]. In the global environmental change research, deforestation
is considered to be one of the main driving forces for the current environmental challenges.
Moreover, at the global level, the emission of carbon dioxide and the anticipated climate
change is the most debated issue, closely connected with land use and land cover changes
driven by deforestation [5]. Hu et al. [6] have estimated 12.3 Gt carbon losses from above
and belowground biomass, due to deforestation between 2010 and 2018, which was equal
to 1.5 Gt per annum.

The Worldwide literature on deforestation [7–13] identified a number of anthropogenic
causes. However, population growth, accessibility and associated socio-economic factors
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have been considered major causes of deforestation [14]. Generally, most of the less
developed countries have experienced rapid population growth and are heavily dependent
on biomass to fulfill domestic energy needs [13], which is often argued by researchers,
e.g., [15–18] as the main driver of deforestation and forest degradation. It is estimated that
a total of 3.97 billion m3 of wood was removed in 2018, half of which was fuelwood. The
extraction of fuelwood was highly concentrated in the less developed world, i.e., in Africa
90%, in Asia ≥60% and in South America 42% [4].

Fulfilling the increasing demand of the population for fuelwood and timber is facili-
tated by the improvement in accessibility of mountainous environments, and a very close
relationship is found between access to motorized transport and deforestation in many
studies around the world, as well as in Pakistan [19–24]. Researchers have explored the
idea that new roads encourage deforestation because forests become accessible to many
legal and illegal actors [25]. For example, the construction of the Karakoram Highway
and its feeder roads in the formerly secluded high mountain region of northern Pakistan
has caused dramatic changes in socio-economic development and natural resource uti-
lization [26–28]. The improved transport facilities resulted in reinforced exploitation of
forest stands, indicating that road building is a major factor of forest degradation and
deforestation [20]. Ali et al. [19] reported more than 50% forest loss after the construction
of a link road in Basho Valley, Pakistan from 1968 to 1987.

Due to topographic and climatic constraints, only 3.726 million hectares are under
forest cover in Pakistan [4,29]. Forests are concentrated in the northern mountainous belt.
Pakistan has a high dependency on forest biomass for energy requirements, and more
than 3/4 of households (70–79%) are dependent on wood for domestic fuel [30,31], which
constitutes almost 46% of the total consumed energy. With the increase in population,
consumption is increasing significantly, due to the exceeding energy needs of the growing
population. In the near future, no alternative source is expected to replace wood biomass
consumption, and it has been estimated that fuelwood consumption will increase by 3%
per annum in Pakistan [32]. The high consumption rate of fuelwood and timber has exerted
strain on forest cover and, therefore, the deforestation rate is high in Pakistan. Between
1981 and 1990, Pakistan experienced the highest deforestation rate of 2.9% among Asian
countries [33]. From 1990 to 2000, it was reduced to 1.7% per annum but again increased to
2.1% in 2005 and 2.4% between 2005 and 2010 [34]. Onward from 2010 to 2020, total forest
loss was 36,800 hectares per year with an annual deforestation rate of 0.94% [4,29]. Despite
continuous deforestation, however, Pakistan has registered a slight increase in forest area,
due to large-scale afforestation and regeneration processes [35–37]. In this context, to
evaluate the situation of forest cover change and measure the pace of deforestation, a
physically remote district in the North-Western Mountains—the Kurram District—has been
selected. The major objective of this study is to determine the impact of population growth
and accessibility on forest cover changes from 1972 to 2019. During this period, the political
turmoil in Afghanistan has not only been the main catalyst of change in the study area but
also severely affected the vegetation resources.

2. Material and Methods
2.1. Study Area

The present study has been conducted in the former Kurram Agency, one of the
newly merged districts of Khyber Pakhtunkhwa Province. Kurram has been the second
oldest agency after Khyber and was integrated into British India in 1892 [38]. It has an
area of 3380 km2, and extends from 33◦20′ to 34◦10′ N and from 69◦50′ to 70◦50′ E. The
district has its northeastern border with the tribal districts of Khyber and Orakzai, its
eastern border with Hangu District, the southeastern border with the tribal district of North
Waziristan, and is surrounded by Afghanistan on the northern, western and southwestern
sides (Figure 1). Administratively, it is divided into three tehsils, the Upper, Lower and
Central Kurram. The upper and lower Kurram are predominantly inhabited by the Turi
tribe and the central Kurram by Para Chamkani, Massuzai, Ali Sherzai and other tribes [39].
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Figure 1. Location Map of district Kurram, major settlements and roads network.

District Kurram has a typical mountainous milieu and is framed on three sides by high
mountain ranges, among them the Safed Koh or Spin Ghar range, which is the highest with
an average altitude of 3600 m a.s.l., usually covered with snow for most part of the year.
The mountains, constituting the natural boundary between Pakistan and Afghanistan in
District Kurram, are covered with coniferous forests at higher elevations and oak forests at
foothills. The southern mountain ranges (Charmagh, Tor Ghar) have less elevation and are
covered with patches of oak forest, sparse vegetation, scrubland and shrubs. Most of the
human settlements are located along the valleys in alluvial fans, where flat land availability
coincides with perennial water supply. The hills and mountains are used by the nearby
villagers for grazing livestock and collecting firewood (Figure 1).

Forest in Kurram district is treated as communal property and had been distributed
among the villages and tribes residing within the territorial limits, except a parcel of Spina
Shaga 3000 acres that is kept as state property and maintained as reserved forest. Forest in
upper and lower Kurram tehsils has proper ownership records in the revenue department
with detailed demarcations during the land settlement process. The communal forest is
managed by the respective co-owners.

Temperature of the study area decreases and rainfall increases with the change of
elevation. The northern and western mountains and the Parachinar plateau receive snowfall
and experience cold weather during the winter season and remain pleasant during summer.
The southeastern parts, which have low elevation, receive no snowfall, and the weather
is comparatively less cold in the winter season than in the northern parts of District
Kurram. The northern parts and areas of high elevation receive more precipitation. The
Parachinar meteorological station, located at 1720 m a.s.l., records more than 750 mm
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annual precipitation. There is considerable variability in the seasonal distribution of
precipitation and the average value from 1971 to 2015 for the winter season (December
to March) is 35%. The summer season, (July to September), receives 30.5% rainfall and
the intermediate periods from April to June and October to November receive 27% and
7.4% rainfall, respectively. The mean minimum temperature of December, January and
February remains below the freezing point and the maximum temperature is less than
13 ◦C. January is the coldest month with a mean temperature of 1.5 ◦C. The warmest month
is June, having a mean maximum of 30.9 ◦C, a mean minimum of 17.3 ◦C, and a mean
temperature of 24.3 ◦C [40].

2.2. Study Design

This study is based on Landsat satellite images of 60 m spatial resolution of 1972 and
30-m spatial resolution of 1987, 2000 and 2019. In addition, data were also collected through
focus group discussions, key respondents’ interviews and field observations. Data from
secondary sources were collected from population census reports of the study area. To
supplement the field and published data, unpublished official data were also collected from
the directorate of archive and library department Peshawar, the work and construction
department Parachinar, and the Parachinar forest office.

2.2.1. Selection of Study Period

The temporal span of this study extends over five decades from 1972 to 2019. Four
years, 1972, 1987, 2000 and 2019 were selected for data generation and analysis. The entire
study period was divided into three time periods, i.e., 1972 to 1987 is taken as period 1,
1987 to 2000 as period 2, and 2000 to 2019 as period 3 for comparative analysis.

2.2.2. Data Collection
Field Survey

Data were collected in a field survey through focus group discussions (FGDs), in-
terviews and field observations. Three focus group discussions were arranged with the
elders of different villages, one in each subdivision (Upper, Lower and Central Kurram)
in order to get information about the history, causes and driving forces of deforestation.
The sessions were conducted in July 2018 in the premises of local court (Kachehri ) of
Parachinar and Sadda Bazar, as the village elders (Malaks) usually came to the courts for
guiding and helping villagers in government offices and for streamlining and processing
of pending communal works. These elders have considerable knowledge about their re-
sources, utilization mechanism and the process of deforestation, as they are involved in
every communal activity.

To cross-check and verify information collected through focus group discussions, at
least 15 knowledgeable persons of 60 and above age group from each subdivision belonging
to different villages were also interviewed in their respective tehsil headquarters through
unstructured questionnaires. Most of them were village elders (Malaks), farmers, retired
school teachers and retired frontier constabulary men, who were actively involved, in
resource management systems and have considerable knowledge and practical experience
regarding forest exploitation and deforestation process.

Acquisition of Satellite Images

District Kurram is covered by two scenes of Landsat satellite images of 36/163 and
37/163 (Row/path) of Landsat 1, and 36/152 and 37/152 of Landsat 5, 7 and 8. Satellite
images of 60 m spatial resolution of Landsat 1 MSS with a spectral resolution of 4 bands for
15 October 1972, 30 m spatial resolution of Landsat 5 TM with a spectral resolution of seven
bands for 8 November 1987, Landsat 7 ETM+, with eleven bands for 18 October 2000 and
Landsat 8 OLI of 2 December 2019 were acquired from USGS official website. The autumn
season was selected to clearly differentiate between agricultural land and forest cover.
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2.2.3. Pre-Processing of Images

All the images were geometrically corrected and rectified. Color composites of both
scenes of four bands of 1972, six bands of 1987, and the first seven bands of 2000 and 2019
were created. Both scenes of each image were mosaic, and the area of District Kurram
was extracted using a shape file of District Kurram through the extract by mask operation.
For enhancing the images’ visibility, their histogram was stretched by using the standard
deviation operation [41].

2.2.4. Image Classification

The images were classified through supervised classification operation in ERDAS
Imagine 2014. Six digital land use and land cover classes, i.e., forest cover, agriculture
land, rangeland, bare soil rock outcrops, water bodies and snow cover were developed
for 1972, 1987, 2000 and 2019 classified images. The land use classes were selected on the
basis of previous research studies such as [42–44]. To tackle with the tonal similarities,
each class was subdivided into many subclasses, i.e., forest into forest 1, forest 2 and
forest 3, etc., and more than 100 training samples were taken for each class. Signature
files were created based on the training samples, and the images were classified using
the maximum likelihood supervised classification algorithm which has been successfully
applied in forest change detection studies [45–48]. The images were converted into vector
data and the subclasses of each major class were dissolved into their respective single class,
using dissolved operation. The area of land use classes was calculated in square kilometers,
using the field calculator. In addition, periodic and annual deforestation rates during each
of the periods were calculated in percentages with help of the following formula:

Deforestation rate in period = Dp =
(y2 − y1 )

y1
∗ 100

Annual deforestation rate = Da =

(
(y2 − y1 )

y1
∗ 100

)
/yn

where:

y1 = forest area in the starting year of a period, i.e., 1972 for period 1
y2 = forest area in end year, i.e., 1987 for period 1
yn = number of years in a period

Land use/land cover maps were prepared in ArcGIS 10.5. Based on classified images,
change detection maps were created for all three periods using reclassification and addition
operations in ArcGIS 10.5. In addition, 3 km (km) buffers were created around refugee
camps and local settlements and 2 km around roads. Using the buffer shape files, the area
around refugee camps, settlements and roads was extracted, maps were prepared and the
area was calculated for each period.

2.2.5. Accuracy Assessments

Accuracy assessments of the four satellite data sets of 1972, 1987, 2000 and 2019 were
carried out. For 1972, 1987 and 2000, training sites were collected from the Landsat satellite
images of the corresponding years, respectively. This method is used to confirm whether
a particular LULC class area in a satellite image is correctly classified as that class in the
resulted map, but low spatial resolution images are not conducive for this process, which
can negatively affect the results. For 2019, classified image data were collected using Google
Earth-based Very High Resolution Satellite (VHRS) images. More than 100 ground truth
points were randomly taken in each class, except for snow cover because it was confined
to small areas. The point data were then converted to raster pixels of 60 m resolution
for the 1972 image, 30 m resolution for the 1987, 2000 and 2019 images, using ‘point to
raster’ operation in conversion tools. The pixels and classified images for each year were
combined separately, and for the formation of the confusion matrix, a pivot table was used
for attribute data. The pivot table was exported to MS Excel for further analysis. User
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accuracy, producer accuracy and omission and commission errors were calculated for each
class and for whole images. To measure the agreement between the model prediction
(classified image) and the ground reality Kappa coefficient was calculated for all data
sets separately. The values of the Kappa coefficient are between 0 and 1. The 0 indicates
complete randomness and 1 describes a perfect agreement, so the value nearer to 1 shows
significant agreement and nearer to 0 shows the randomness of agreement.

Overall accuracy was 91.3%, 85.76%, 89% and 85.4% for 1972, 1987, 2000 and 2019
classified images, respectively. Kappa coefficient values were 0.88 for 1972, 0.83 for 1987,
0.92 for 2000 and 0.84 for 2019 classified images.

3. Results and Discussion
3.1. Forest Cover Change

The results of the study revealed a continuous decrease in forest cover in the study
area. Forest decreased from 33.2% in 1972 to 21.3% in 1987; it further decreased to 17.9% in
2000 and 17.2% in 2019. During the study period, forest cover shrank by 48.2% of the total
area of District Kurram. The annual deforestation rate remained at 0.98%, with considerable
variations in the selected periods. Forest cover decreased by 36% in period 1, 15.7% in
period 2 and 4% in period 3. The annual deforestation rate reduced from 2.4% in period 1
to 1.2% in period 2 and again to 0.2% in period 3 (Table 1). The high deforestation rate in
period 1 can be partly attributed to the low spatial resolution of 1972 image because the
difference in resolution influences the results.

Table 1. Land use/land cover and changes in District Kurram (1972 to 2019).

Land Use Classes
Land Use Land Cover in % Periodic Change in %

1970 1987 2000 2019 Period 1 Period 2 Period 3 Total

Forest cover 33.2 21.3 17.9 17.2 −36.0 −15.7 −4.0 −48.2
Agricultural land 10.9 14.7 16.1 18.4 34.8 9.9 13.9 68.8
Rangeland 46.1 43 41.3 40 −6.7 −4.1 −2.9 −13.0
Bare soil/rocks 8 18.3 22.1 17.8 127.2 20.7 −19.6 120.6
Snow cover 0.1 0.9 0.7 4.7 −20.0 562.5 0.0
Water bodies 1.4 1.9 1.9 1.9 12.5 −14.3 16.5 12.3
Total 100 100 100 100 - - - -

Annual Deforestation rate −2.4 −1.2 −0.2 −0.98

Source: Classified images of 1972, 1987, 2000 and 2019.

Change in forest cover is closely associated with changes in other land uses. Two
different trends of change are identified in four major land cover classes. Forest and
rangeland have shrunk at the expense of agricultural land and bare soil rock outcrops. In
most cases forest area has been converted into bare soil rock outcrops and in some cases
agricultural land also encroached on forest area, while a major portion of rangeland has
been converted to bare soil rock outcrops as well as to agricultural land (Figure 2). The area
of bare soil rock outcrops has, therefore, expanded by 120.6% from 8% in 1972 to 17.8% in
2019. Agricultural land has expanded by 68.8% and rangeland has shrunk by 13% from
46.1% in 1972 to 40% in 2019 (Table 1). The area under water bodies remained almost
unchanged during the study period, but snow cover has recorded an increase from 0.7%
in 2000 to 4.7% in 2019, and most areas of bare soil rock outcrops came under snow cover
during the time of the image acquisition in December 2019, therefore, the area of bare soil
rock outcrops has reduced in period 3. (Figure 2; Table 1).



Land 2022, 11, 810 7 of 23Land 2022, 11, x FOR PEER REVIEW 7 of 25 
 

 
Figure 2. Land use and land cover of District Kurram (1972–2019) with Afghan refugee camps in 
1987 and 2000 images. Source: Classified images of 1972, 1987, 2000 and 2019 

Details of land use/land cover changes over the three time periods are reproduced in 
Figure 3, and the statistics are given in Table 2. From the data, it is apparent that high 
percentage of forests have been converted into bare soil rock outcrops, especially in period 
1 during which excessive deforestation on accessible slopes had taken place [44]. Sec-
ondly, major negative changes have occurred in rangelands [49], which have been con-
verted mostly to agricultural land and bare soil rocks outcrops. Nevertheless, the recon-
version of rangeland to forest cover can be attributed to regrowth, reforestation, and arti-
ficial plantation in rangeland during the last period. 

Figure 2. Land use and land cover of District Kurram (1972–2019) with Afghan refugee camps in
1987 and 2000 images. Source: Classified images of 1972, 1987, 2000 and 2019.

Details of land use/land cover changes over the three time periods are reproduced
in Figure 3, and the statistics are given in Table 2. From the data, it is apparent that high
percentage of forests have been converted into bare soil rock outcrops, especially in period 1
during which excessive deforestation on accessible slopes had taken place [44]. Secondly,
major negative changes have occurred in rangelands [49], which have been converted
mostly to agricultural land and bare soil rocks outcrops. Nevertheless, the reconversion
of rangeland to forest cover can be attributed to regrowth, reforestation, and artificial
plantation in rangeland during the last period.
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Table 2. Land use and land cover conversion in all three time periods (percentage out of total area).

LC Classes Periods Bare Soil/Rocks Forest Agricultural Land Rangeland Water Bodies Snow Cover

Bare
soil/rocks

P1 2.2 0.8 0.8 3.5 0.30 0.40
P2 10.8 2.4 1.2 4.1 0.17 0.17
P3 7.7 5.2 1.0 3.6 0.10 0.10

Forest
P1 8.9 16.5 2.7 7.4 0.20 0.10
P2 4.0 13.0 0.8 3.4 0.02 0.12
P3 3.7 8.8 0.9 4.9 0.00 0.00

Agricultural
land

P1 1.3 1.0 7.9 0.4 0.07 0.02
P2 2.4 0.7 7.7 2.5 0.22 0.00
P3 4.0 1.5 6.2 6.4 0.40 0.00

Rangeland
P1 6.4 2.9 6.1 28.6 0.16 0.88
P2 5.5 1.8 6.0 30.0 0.44 0.00
P3 4.4 1.6 4.5 27.8 0.00 0.50

Water bodies
P1 0.0 0.0 0.0 0.0 0.05 0.00
P2 0.12 0.01 0.37 0.51 0.91 0.00
P3 0.20 0.00 0.40 0.50 0.70 0.00

Snow cover
P1 0.00 0.00 0.00 0.00 0.00 0.00
P2 0.32 0.04 0.07 0.02 0.01 0.41
P3 3.00 0.70 0.10 0.20 0.10 0.60

Total
P1 18.8 21.2 17.5 39.9 0.8 1.4
P2 23.1 17.9 16.1 40.5 1.8 0.7
P3 23.0 17.8 13.1 43.4 1.3 1.2

Source: GIS analysis.

The remote sensing-based result of forest loss is also confirmed by the evaluations of
respondent interviews and focus group discussions. Majority of the respondents remem-
bered dense forests once existing near their houses. The rangeland in the vicinity of the
villages was covered with large number of trees, and shrubs. Which was elaborated by
a respondent

“The surroundings of our houses and village were covered with dense forest, shrubs, and
bushes. The grazing animals were out of sight there”.
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The inhabitants were mostly collecting dry wood and shrubs for fuel from the range-
land and forest areas were conserved by the villagers through local institutions. A
respondent explained

“We were collecting fuelwood from the vicinity of our villages. We did not collect fuelwood
from remote mountains like we are collecting it nowadays”.

As a result of population growth, forest close to villages, camps and rangelands were
exploited. Woody biomass was harvested and the natural forest disappeared. Presently,
fuelwood is brought on donkeys and vehicles from forests located in remote mountains. It
was narrated by another respondent as

“Continuous cutting of naturally grown trees and shrubs during the 1980s and 1990s
resulted in the clearance of vegetation from village surroundings. Now forest is vanished
from the vicinity of settlements and remained only on the slopes of remote mountains”.

3.2. Drivers of Deforestation

Many empirical studies in the world as well as in Pakistan have found out population
growth and accessibility as the main factors enhancing deforestation processes [20,42,50–57],
corroborated also by the present study. Nevertheless, deforestation is a complex process
driven by the interrelationships of a multitude of ecological and socioeconomic driving
forces, and monocausal explanations are not appropriate [58].

3.3. Population Growth

The rapid population growth can be considered one of the main driving forces behind
deforestation in the present study. The Pearson correlation coefficient has confirmed the
high negative (−0.906) and significant (p = 0.047) correlation between populating growth
and forest cover change (Table 3).

Table 3. Correlations between population density and forest cover change.

Forest Cover Population

Forest cover
Pearson Correlation 1 −0.906
Sig. (1-tailed) 0.047
N 4 4

Population
Pearson Correlation −0.906 1
Sig. (1-tailed) 0.047
N 4 4

Source: SPSS analysis.

The major role in the rapid increase of population in the study area was played by the
Afghan refugees, whose immigration to Pakistan started in 1979 after the Russian invasion
of Afghanistan. According to Weinbaum [59], the number of refugees in Pakistan reached
1.8 million by March 1981 and it increased to 2.8 million by 1984. By the end of the decade,
their number exceeded 3.5 million people. Most of these refugees were settled in the tribal
districts of Kurram, Orakzai and North Waziristan, and the population of these districts
increased many folds. The refugee population outnumbered the local inhabitants of District
Kurram for more than two decades until 2005. According to Khan et al. [60], the number
of refugees settled in District Kurram ranged from 300,000 to 500,000 persons. Carter [61]
has given a detailed account of refugees and as a whole 34 Afghan refugee camps were
established in the study area (Figure 2), and by June 1989 the number of families living in
these camps exceeded 49,298 with a total population of 347,849 persons. In addition, a large
number of unregistered refugees were also living in these camps and in other villages and
towns of District Kurram. Even in 2005, when a large number of families had been shifted
to the settled districts, 3929 families with 25,256 individuals were still living outside these
camps (Table 4). According to the official record of the Afghan Refugees Commissionerate
Peshawar, more than 350,000 refugees remained in the camps and outside the camps in
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District Kurram until 2000. Thereafter, these camps were cleared step by step. In 2005, the
last 5 remaining camps with 20,477 families and 114,801 individuals were removed from
the territorial limits of the study area to settled districts of Khyber Pakhtunkhwa and thus
the shifting process of refugees was completed (Table 4).

Table 4. Afghan refugee camps with families and population in District Kurram in 1989 and 2005.

19
89

S. No. Camps Name No. of Families Population S. No. Camps Name No. of Families Population

1 Ahmadi Shama 1749 11,317 19 Old Bagzai 2199 15,524
2 Arawali 765 5858 20 Parachinar1 1188 8548
3 Asgharo 1 940 7393 21 Parachinar2 1798 12,544
4 Asgharo 2 1293 9340 22 Saraghura 1471 11,299
5 Asgharo 3 1354 10,158 23 Shashu 1963 13,876
6 Asgharo 4 745 6413 24 Shabak 1258 8824
7 Bushera 1679 12,872 25 Satin 1 1496 11,304
8 Bassu 1343 7333 26 Satin 2 781 5660
9 Chappri 1340 10,042 27 Tindo 1 1469 10,333

10 Durrani 1105 7593 28 Tindo 2 989 7048
11 Gerzandi 1295 10,884 29 Khapyanga 1 1627 10,028
12 Gawaki 1641 11,313 30 Khapyanga 2 1664 10,067
13 Ghuzgari 772 6039 31 Khapyanga 3 2643 17,230
14 Muzaffer Kot 1046 8185 32 Khapyanga 4 1512 9078
15 Matasangar 1809 14,456 33 Zamo 2358 15,166
16 New Bagzai1 2411 17,383 34 Bachelors 1500

17 New Bagzai 2 2128 13,633
Total of (1989) 49,298 347,84918 New Bagzai 3 1467 9608

20
05

1 Tindo 2 5912 30,816 5 Old Bagzai 2265 11,182
2 Shashu 1712 12,047 6 Outside camps 3929 25,256

3 CR 2 (Baggan) 4467 22,881
Total of (2005) 20,477 114,8014 Muzaffer Kot 2192 12,619

Source: Carter [61]; Afghan Refugees Commissionerate Office Peshawar (2005).

The large numbers of refugees enlarged the local population by more than double.
The combined number of refugees and local population exceeded the figure 600,000 in 1981
and almost reached 800,000 in 1998, with the local population at that time being 294,362
and 448,310 persons, respectively. The local population had a very slow annual growth rate
of 0.59% in period 1 and the population increased by only 5% from 1972 to 1981 (Table 5).
However, data collection during that time was based on each village elders’ estimations
which was not a reliable source [62]. Onward, it increased by 52.3% from 1981 to 1998,
with an annual growth rate of 2.5% and again increased by 37.2% (to 615,372 persons)
from 1998 to 2017. The total increase in the local population of District Kurram from 1972
to 2017 is registered as 119.8%, and the density of the population increased from 83 to
182 persons per square kilometer (Table 5). However, combined with refugees, the density
of the population increased from 82 persons per km2 in 1972 to 190 persons in 1981 and
again to 236 persons in 1998 (Table 5).

Table 5. Population statistics of District Kurram.

Years
Population (Persons) Density (sq. km) Annual Growth Rate (%)

Local Refugees Both Local Refugees Both Local

1972 279,998 279,998 83 83
1981 294,362 347,860 642,222 87 103 190 0.59
1998 448,310 347,860 796,170 133 103 236 2.5
2017 615,372 615,372 182 182 1.68

Source: [61–65].
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The rapid growth of population exerted negative impacts on forest resources in district
Kurram. In areas near to refugee camps, forest was severely degraded. In lower Kurram,
where most of the refugee camps were established, forest cover decreased from 17.3% to
only 3.4% [66]. A similar situation was also created in other parts of District Kurram near
their camps (Figures 1 and 2). The buffer-based proximity analysis can further highlight
the situations of forest cover near the camps.

Forest Cover Change within 3 km Zones around Camps

Within the 3 km zone around the refugee camps, forest area had been reduced from
18.9% in 1972 to only 5% in 1987 and again decreased to 4% in 2000. After the shifting of
refugees from Kurram valley, forest cover increased to 8.07%. In period 1, deforestation
rate was quite high, reflected by a decrease in forest cover by 73.5%. Onward, the rate
of deforestation slowed down because less forest remained within the 3 km of camps. In
period 2, the forest was again reduced by 19.4%. Only when refugees were moved to
settled districts in 2005, forest cover began to increase. This increase amounted to 100% in
period 3. Similarly, area under rangelands also reduced during the presence of refugees
and increased after their removal. However, compared to forest and rangeland, agricultural
land increased in the presence of refugees and decreased after their repatriation. Details of
these changes are presented in Figure 4, Table 6.

Table 6. Land use and land cover changes within 3 km of refugee camps (%).

Class Name
Years Change in Periods

1972 1987 2000 2019 Period 1 Period 2 Period 3

Forest cover 18.92 5.01 4.03 8.07 −73.53 −19.44 100.00
Agriculture land 9.60 11.40 14.88 14.19 18.84 30.49 −4.67
Rangeland 61.06 75.66 71.35 67.82 23.92 −5.70 −4.95
Bare soil/rocks 9.18 5.56 7.65 7.15 37.50 −6.55
Water bodies 1.25 2.36 2.09 2.78 88.89 −11.76 33.33

Source: GIS analysis.

The focus group discussions and interviews revealed that most of the respondents
had the perception that the refugees had widely cut the forest in the camps’ surroundings,
and in some cases, they even uprooted the saplings. They harvested shrubs, bushes and
Nannorhops ritchiana (Mazari palm) from the rangeland for domestic as well as commercial
purposes. An old age respondent noted

“At the time of refugees settling in Kurram, I remembered, our village people were used
to drive their animals to the communal grazing land where few of these camps were
established. The trees and bushes were cleared in few years near these camps which they
used for domestic purposes and surplus woods were sold to the market”.

Another respondent explained that

“Refugees were very hardworking people they harvested Mazari plant from the surround-
ing rangeland for making different goods and utensils like baskets, pots, mats, ropes, and
many more things on large scale. These goods were sold in the markets. They were able to
earn enough money and sent it to their family members residing in Afghanistan”.

It was also described in a focus group discussion that many tracts of forest in the
vicinity of camps were cleared and others were severely degraded but with the passage
of time some parts were recovered through regrowth and some were converted into
barren land. The Khawajakhuran Mountain Range, demarcating the southern border with
Afghanistan, is an example of this degradation (Figures 1 and 2).
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The respondent explained during the interview that the refugees while harvesting the
forest resources, violated the traditional rules of local management systems that prevailed
in Kurram valley [40]. These illegal activities of refugees were strongly supported by local
actors who had no dejure ownership in the local forest. Thus, tensions developed between
local tribes which resulted in sectarian clashes several times during this study period.
Lodhi et al. [50] pointed out that the arrival of such a large number of Afghan refugees
had exerted a profound impact on the ethnic composition of the local inhabitants, which
gradually resulted in sectarian crises between different tribes in District Kurram. When
tensions intensified due to these crises in District Kurram, the refugees were removed
from Kurram to settled districts between 2000 and 2005. Subsequently, the pressure on
forest resources was reduced, and during the period of 2000 to 2019 the deforestation rate
slowed down.
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The local population also contributed to the deforestation process because of their
higher dependency on the fuelwood for domestic requirements. In the 1970s and 1980s
there were very limited off-farm activities. They were involved in agriculture and fuelwood
collection from their natural forest. Most of the villagers collected and stored fuelwood
and sold in their times of need. This activity has low impact on forest. However, with the
passage of time population increased, the demand for natural resources including forest
biomass has also increased. Like in other marginalized and remote mountain communities
of Pakistan [67–69], the energy consumption of the inhabitants of District Kurram is mainly
based on fuelwood. It is the only energy source to fulfill the basic needs of the inhabitants of
the study area. Large quantities of fuelwood are consumed for cooking and heating, mainly
during the long winter seasons from November to April. According to the respondents’
interviews and focus group discussions, each household uses 60 to 80 mounds of fuelwood
on average only in winter seasons, which they acquire from the communal forest (Figure 5),
markets and private tree harvesting. Markets are also provided with wood from these
forests through legal and illegal harvesting.
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The disintegration of joint families has further accelerated the pressure on forest
resources, as in most cases nuclear and joint families consumed an almost equal amount of
wood with little differences. In Kurram valley, the customary laws allow each household
an equal amount of wood extraction during the stipulated period of wood collection [40].
Households have increased by 315.1% from 1972 to 2017 in District Kurram (Table 7). The
new households also get equal rights of wood collection. Therefore, with the increase in
population and number of households, the pressure on forest resources has increased many
folds which resulted in an ongoing deforestation process.

Table 7. Household size and housing units in District Kurram.

Years Household Size Houses Units % Increase (1972–2017)

1972 7.8 16,196

315.1
1981 7.8 37,907
1998 10.6 39,445
2017 9.2 67,244

Source: [62–65].

Buffer-based proximity analysis has also identified the temporal forest loss around local
settlements. In the 3 km buffer zones, forest area has shrunk from 35.6% in 1970 to 22.2% in
1987 with a total of 19% decrease in period 1, and the annual deforestation rate was 2%. This
decrease in period 1 can be partly attributed to the low resolution of the 1972 image. Forest
again decreased to 18.7% in 2000 with a total of 16% deflation in period 2 and again reduced
to 17.7% in 2019. The annual deforestation rate was 1.2% in period 2 and 0.3% in period 3.
Details of other land use and land cover classes are presented in Figure 6 and Table 8.

Table 8. Land use land cover within 3 km of local settlements.

Class Name
Years Periods

1972 1987 2000 2019 Period 1 Period 2 Period 3

Forest cover 35.6 22.2 18.7 17.7 −37.5 −16.0 −5.0
Agricultural land 14.5 16.4 17.4 24.6 12.9 6.1 41.4
Rangeland 43.9 40.2 39.6 36.3 −8.3 −1.6 −8.4
Bare soil/rocks 6.1 18.4 22.1 17.9 201.4 20.3 −19.2
Snow cover 0.0 0.3 0.0 0.8 −92.9
Water bodies 2.2 2.5 2.2 2.5 13.7 −10.3 13.5

3.4. Roads and Forest Cover Decrease

Almost all of the natural forest in district Kurram has grown on mountains slopes,
which were, in the past, only accessible to humans and beasts of burden for transporting
forest products, not to motorized transport (before the last 3 to 4 decades). As described
by Cropper et al. [55] for North Thailand, physical factors, such as steep slopes and poor
soils, also provided natural protection to the forest resources located in the mountains
in District Kurram. However, with the passage of time, these mountain slopes became
accessible due to the construction of roads and improvements in accessibility. The first
roads constructed by the government were four penetration roads into Central Kurram
Tehsil and one into Upper Kurram Tehsil before 1980. Although villages and forest areas
on remote mountain slopes were not accessed by these roads (only the main towns were
accessed), they exerted negative impacts on forest cover, and the trees along the roadsides
disappeared [60]. However, after the 1990s, the means of transportation improved and road
networks extended further into most of the villages located on steep slopes and at higher
elevations. Road length increased from 315 km in 1972 to 961 km in 2019. In 1972, only
80 km (25%) of roads were metaled and that was the main Thall–Parachinar road, while
the rest of 235 km of village roads were shingle. However, with the increase in length, the
quality of roads also improved, and in 2019 major part of the roads (63%) were metaled
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and most of the inaccessible villages were connected to motorized transport (Figure 7). The
Pearson correlation coefficient has also revealed a strong inverse (−0.927) and significant
(p = 0.036) correlation between road length and forest cover change (Table 9).
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Table 9. Correlations between road length and forest cover change.

Forest Cover Roads

Forest cover
Pearson Correlation 1 −0.927
Sig. (1-tailed) 0.036
N 4 4

Roads
Pearson Correlation −0.927 1
Sig. (1-tailed) 0.036
N 4 4

Source: SPSS analysis.
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Forest Cover Change within 2 km of Roads

Within 2 km of roads, forest cover has reduced considerably over the entire study
period. Total forest cover was 20.7% in 1972, which decreased to 17.7% in 1987, again
decreased to 15.8% in 2000 and 14.8% in 2019. Here again, change was high in the first two
periods and decreased in the last period. With changes in forest cover, reciprocal changes
have also occurred in other land use and land cover classes (see Table 10 and Figure 8 for a
detailed account of changes in other land use and land cover classes).
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Table 10. Land use and land cover changes within 2 km of roads (%).

Class name
Years

1972 1987 2000 2019

Forest cover 20.7 17.7 15.8 15.3
Agriculture land 23.4 18.6 18.3 26.5
Rangeland 46.0 46.7 43.5 37.4
Bare soil/rocks 7.0 13.4 19.7 18.5
Snow cover 0.0 0.2 0.1 0.0
Water bodies 2.8 3.4 2.6 2.6

Source: Buffer analysis in ArcGIS.

The northern parts of central Kurram were covered with dense forest in 1972 and
1987, although the rate of deforestation was very high in upper and lower Kurram due to
the influence of Afghan refugees (Figure 2). The rate was lowest in central Kurram which
was free from refugees. In period 1, forest was only reduced by 2.5% in central Kurram,
while it was reduced by 28.6% in upper Kurram and 76.6% in lower Kurram. Onward from
1987, deforestation increased in central Kurram to 13.5% from 1987 to 2000 and 15.3% from
2000 to 2014 [66]. The cause for increase in deforestation was the construction of roads
to the northern parts of central Kurram. Accordingly, mountain tops or high elevation
slopes that are still inaccessible have more extensive forest cover. Some portions of the
northern Safid Koh Mountains in upper and central Kurram are not accessible due to high
elevation and rugged terrain, and thus still show a dense forest cover (Figure 2). Recently,
the government of Pakistan is fencing the western border of Pakistan with Afghanistan,
and for this purpose, roads are constructed on top of mountains in all the border areas
of District Kurram. These roads are constructed in forest cover areas, resulting in the
direct destruction of a large number of trees and also improving accessibility to motorized
transport (Figure 9), which will further intensify deforestation process.
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3.5. Other Causes

In addition to the causes of deforestation, the interview and focus group discussions
also highlighted other area-specific factors. These factors include sectarian clashes, im-
plementation of forest policy and compliance with forest rules and regulations, illegal
harvesting and high market prices, which are also linked to the ever growing population.
The consideration of these driving forces is very important for further research.

3.5.1. Sectarian Clashes

In District Kurram, sectarian crises erupted from time to time between different tribes
on several issues, including the most important natural resources. The latest crisis erupted
in 2007 and continued until 2012 due to the increasing influence of Talibanization in tribal
districts. In addition to the loss of hundreds of lives from both sides, considerable forest
cover was also cleared. During this crisis, the tribes located near the forest of a disputing
sect cut forest resources ruthlessly to economically harm the opposite sect. In some cases,
one sect occupied the areas of the opposite sect, and the forest was cut and removed
completely. During this period, most of the rangeland and forest cover was cleared in
lower parts of Kurram, some patches in the mountainous area of Shalazan Tangi, and in
the border area of village Pewar.

3.5.2. High Market Prices

The prices of timber and fuelwood have increased many times in just over a decade.
In the past, fuelwood was transported from Afghanistan as well. In the year 2000, the per
mound (37.3 kg) fuelwood price was less than PKR 50. As soon as import from Afghanistan
was banned, the prices went up. In October 2019, the per mound fuelwood price was
PKR 800 to PKR 900 in Parachinar Bazar. The high market prices are hardly affordable
for the inhabitants. Whereas, forest wood extractions are allowed seasonally for a certain
stipulated period of days, one or two times during a year. Only seasonally collected wood
from the communal forest, however, does not meet the needs of the inhabitants for the
entire year. Local people buy wood from the market or illegally harvest communal forests,
which has intensified the process of deforestation in many villages.

3.5.3. Sale of Communal Forest

In few villages of District Kurram, conserved forest tracts are sold to a contractor
through a joint decision of village elders. The contractor cut all the trees and the area
converts from forest cover to barren land. This practice has been common in many villages
of central and upper Kurram. According to a respondent

“Few forest tracts covered with dense forest had been conserved for several years in our
village Jallandhar. These forest tracts named Bahira Jawara, Hamna Dara and Marchu
Ghar were inaccessible to motorized transport and were sold to contractors one by one.
The contractors built roads and cut all the forest using electric saws, and later on, the
trees were uprooted using heavy machinery. Thus the forest of these tracts disappeared”.

3.5.4. Local Institutions

In District Kurram all forest resources, with the exception of a few hundred acres of
Government Reserved Forest, have communal ownership. Forestry institutions of Pakistan
have no role in the management of the communal forest. For management and proper
utilization, villagers have developed local institutions called Rafaqyan which implement
traditional utilization rights. In the past, these institutions were very strong in the entire
Kurram District, and forest conservation and management were the responsibility of
these institutions. Presently, they have lost their effectiveness, and sustainability-oriented
management of forest resources is no longer sufficiently practiced in many villages, which
is also one of the driving forces of deforestation.
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4. Conclusions

The present study is an attempt to quantify temporal patterns of deforestation in
District Kurram. The results of this study revealed continuous deforestation, and 48.2% of
forest cover has been removed during the entire study period with considerable annual
variations. A high rate of deforestation (2.4%) was recorded in period 1, which can be
partially attributed to the data source of 1972. In addition, forest loss was also high (1.2%)
in period 2 but reduced (0.2%) in period 3. The main driving forces behind this rate of
deforestation was abrupt population change in the early two periods that rapidly increased
due to political turmoil in Afghanistan. The results of this study revealed that in the post
2000 era, the rate of deforestation is continuously decreasing due to population change
that is substantiating our argument of population growth and deforestation. Additionally,
improvement in accessibility and extensions of the road network has also played a visible
role in deforestation. Within 2 km of road, forest cover decreased from 20% in 1972 to
15% in 2019. The result of the study confirms that more accessible forests were severely
degraded in the study area throughout the study period. That further confirms our second
hypothesis of accessibility and forest loss.

Further in-depth research is needed to highlight contributing factors and to analyze
interrelationships between ecological and socioeconomic driving forces in explaining the
deforestation processes in remote mountain regions. The rate of deforestation can further
be reduced by taking some forest conservation measures, including: 1. Government should
take an interest in forest conservation by empowering and supporting local institutions;
2. The forest department should extend afforestation activities to the hilly and piedmont
areas which have been degraded in the past, and the vast area is laying barren which can
be brought under forest cover through plantations; 3. As mentioned earlier, most trees in
the communal forest are cut for domestic energy requirements; deforestation can be further
reduced if alternative energy sources are provided to local inhabitants at affordable rates;
4. Local communities should be involved in afforestation activities.
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