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HIGHLIGHTS




Land-use changes are rapidly taking place and disturbing ecosystem balance
Results indicated the increase in area under agriculture and decline in coniferous forests
GIS is an efficient tool for determining temporal land-use changes
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ABSTRACT

L

and-use changes directly influence ecosystem. In recent years,
land-use patterns have changed rapidly and caused serious threats
to ecosystem balance. The present study demonstrated
importance of Geographical Information System (GIS) for detection of
land-use changes. Land-use changes occurred during 1992-2009 were
detected for District Diamer of Gilgit-Baltistan with geo-spatial
techniques. Satellite images were categorized into ten land-use classes
such as agriculture, broad leave forest, dense conifer forest, grass, lakes,
natural water bodies, river, soil, sparse conifer forest and unclassified
area. The results indicated that agriculture area has increased by 16.03
2
2
km , broadleaved forest by 8.78 km whereas dense conifer forest has
2
decreased by 350.27 km . The area under grasses and lakes has also
increased. However, natural water bodies showed remarkable decrease
2
in area by 367.23 km . Unclassified area also showed decrease by
2
357.62 km . The study revealed the increasing trend of agriculture while
shrinking in forest area with the passage of time. An increase in area of
rivers, lakes and grasslands was observed. This study also demonstrated
the importance of geospatial techniques to determine land-use change
for the large area. The study revealed that land-use changes are rapidly
taking place due to human and climatic factors.
Key words: Land-use, Deforestation, Climate Change, Ecosystem

1. Introduction

Land-use

describes

specific

utilization of a land. This also indicates social and
economic rationale for which a land is being managed
such as crop, timber, or livestock production. Land-use

form is a qualitative label given to an area with some
characteristics such as forest, agriculture, water body.
Land-use had been established on the bio-physical
surface of the earth over a long period of time. The
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changes in traditional land-use are the result of rapidly
increasing human population and increased demand
for food and shelter. The history of environmental
modification by humans dates back thousands of
years. Land-use patterns have changed rapidly in
recent decades and caused serious threats to our
ecosystem. Ever increasing population, migration,
arbitrary
socio-economic
processes
and
industrialization have great impact on the
environmental modification. Since the density of
human population has increased, forests are being
converted into agriculture and other land uses. This
change in conventional land-use has a potential threat
to existing forest yield (Daniel et al., 2005).
Climate has profound impact on forest ecosystem at
local as well as global scale. The rising trend in global
temperature is due to increasing greenhouse gas
emissions and land-use changes and its climatic
forcing. Various studies using projected and
observational data had provided solid piece of
evidence about the potential impacts of land-use on
climate (Chase et al., 2000; Kalnay and Cai, 2003;
Ezberet al., 2007). The main cause of land use change
is alteration in social objectives and increased
demands for human survival. Human nature is playing
a vital role in land use changes as well as other global
issues such as climate change, geomorphic processes,
and environmental pollution (Turner et al., 1995).
Land-use change has become an important topic of
recent research in the field of natural resource
management and environmental conservation. The
advancement of computer technology and geographic
information system (GIS) helped in related studies
such as vegetation, land cover, and topographic
mapping. These maps quickly provide information
about the present and past land-use. Remotely sensed
images with the help of GIS are readily available
source for assessing land-use changes (Willkie and
Finn, 1996).
In order to enhance the economic activities in an area,
available land should be utilized in an environment
friendly way. Intensive management requires past and
present records of land use (Chaurasia et al., 1996).
Land-use change is a diverse, accelerating and vital
process being driven by humans but also cause
changes that affect humans (Agarwal et al., 2002). A
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study of land use change in the Koduikanal Taluk
region of Western Tamil Nadu detected changes
during a time period of 40 years from 1969 to 2008.
The forest cover of the study area was 70% in 1969
which decreased to 33% in 2008 whereas agriculture
land covered 20% in 1969, increased to 35% in 2008.
This study revealed that forest land got transformed
into agricultural land over the past 40 years and the
major cause of land use change was increasing
demand of food due to rise in population and other
commercial developments (Prakasam, 2010).
Forest land is more susceptible to land-use changes
due to multiple factors such as natural, cultural, social
and economic influences (Lambin et al., 2003). About
six million hectares of the world's forest land have a
potential threat to be converted into agriculture land
for human survival (Verburg et al., 2006). Global
alterations that effect ecological processes are
changes in climate, invasive species and atmospheric
conditions (IPCC, 2007). Land-use and climate change
are the most influencing agent for environmental
pollution (Dale, 1997). Local and global climatic
changes could be caused by land-use; on the other
side the climate changes may alter the course of landuse and its management. For example, deforestation,
forest fire and alteration of grass lands into
agricultural land caused surface air temperature
changes (Skinner and Majorowicz, 1999).
Land-use change is an important aspect in monitoring,
evaluating, protecting and planning for natural
resources and provides quantitative information.
Land-use change is the key issue for eco-friendly
sustainable development. The change detection is a
process of identifying differences with the help of time
series analysis. The usage of remotely sensed data has
made it possible to study a large area in less time with
low cost. Land cover mapping has become a precise
and useful method for regional planning with the
development of information technology (Selçuk et al.
2003). The detection of land-use change can be
carried out on temporal scale such as decadal study to
assess changes caused by nature and humans (Gibson
and Power, 2000).
The primary objective of this study was to detect landuse changes occurred during 1992-2009 in district
Diamer of Gilgit-Baltistan. The potential influence of
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climate on land-use was evaluated as a secondary
objective.

2. Materials and methods
2.1. Study area
District Diamer in Gilgit Baltistan province of Pakistan
was the subject of this study. Geographically it is
o '
o
o
situated at 35 2 and 35 50' north latitude and 73
'
o
'
6 and 74 44 east longitude. The elevation of the area
varies between 8000-11500 ft. Soil is formed as a
result of rock disintegration which is loamy and fairly
deep on gentle to moderate slopes (Iqbal, 1992).
Generally, soil is fertile, porous, and susceptible to rain
water erosion. The annual precipitation in the area is
less than 250 mm due to this overall climate is arid
and dry-temperate. The major part of precipitation is
received in the months of December to May. The
temperature falls below freezing point in winters while
in summer the temperature reaches up to 46°C. In
higher areas summer is usually mild and winter is
harsh and chilling (Figure 1). Major tree species are
Deodar (Cedrus deodara), Kail (Pinus wallichiana), Fir
(Abies pindrow), spruce (Picea simithiana), Oak
(Quercus ilex), Juniper (Juniperous excelsa), Chilgoza
(Pinus gerardiana), and toot (Morus alba) (Iqbal,
1992).

2.2. Development of thematic maps
The flow chart shows the procedure adopted to assess
land-use changes and development of thematic maps
using GIS (Figure 2). Thematic maps of land use for
years 1992, 1999 and 2009 were developed and
compared to assess the changes occurred during this
time period. Arc GIS 10.1 and ERDAS 10.1 software's
were used for data processing. ArcGIS 10.1 was used
to develop land cover maps. ERDAS Imagine 10.1
software was used for georeferencing, sub setting and
mosaicking of the images. The raw data of the study
area was obtained from landsat images of 30 meter
resolution. The initial data was converted into
topographic maps. Topographic maps represent
features that appear on earth surface such as
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hydrology, relief and vegetation etc. These maps
contain information about geographic graticule and
coordinate grid in order to determine absolute and
relative position of mapped features (Nelson and
Geoghegan, 2002).
The data acquired from topographic maps was
clustered with ISO data (a tool in Arc GIS). The
clustering method considers the pixels of same
spectrum and classifies them on the basis of spectral
signature.
In
data
clustering
unsupervised
classification was used. The unsupervised classification
examines a large amount of unknown data vectors and
categorizes them into classes based on inherited
properties. In unsupervised classification only spectral
classification was used instead of going in details
about field observation (Nelson and Geoghegan,
2002).

2.3. Correlation of data with climatic factor
The climatic data was acquired from Pakistan
meteorological department and the information about
climatic variations during 1972 to 2009 was compiled.
The data included temperature and precipitation for
district Diamer of Gilgit Baltistan. The temperature
and precipitation data provided climatic pattern of the
study area. Climate data was then compared with the
classified images of the study area depicting different
land uses. GIS provided the information in the form of
raster and vector data. Raster data presented spatial
information in a grid; each grid contains cells that
show particular geographic features. Time series
images help to analyze land-use changes over time
and mostly used to gather information about earth
geography that varies periodically. The vector data
help to store the information regarding land-use
changes in the form of x and y coordinates. The vector
feature i.e. line, point or polygon has an attribute
table which provides detail about the particular
object. Georeferencing is generally used to show the
exact position of data on map. The correlation of
temporal cover maps with climatic data required the
combination of the data coverage i.e. temporal results
and climatic data. The data was correlated in following
steps (1) The information regarding climatic data was
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compared with temporal data and (2) then the
information was correlated with maps to derive
relationship between land-use and climate (Hong et
al., 1998). To show a relation between land-use,
annual average precipitation and temperature the
statistics applied was correlation matrix.
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2

77.41 Km which were 39.67 km in 1992 and 117.08
2
km in 1999. Lakes in district Diamer were increased in
2
2
area by 13.35 Km ; the area was 122.13 km in 1992
2
and was increased to 135.48 km in year 1999. The
area of rivers also increased in the mentioned time
2
frame up to an area of 21.13 Km . The barren soil area
2
2
also increased from 819.96 km to 1235.21 km , the
2
increased area was about 415.25 Km . The sparse
conifer forest also showed the significant change in
2
area that was 65.43 Km in 1992 and decreased to
2
40.72 Km in 1999. Besides of all these classes the area
that remained unclassified showed changes of an area
2
of about 232.61 Km .

Figure 1: Location of the study area in Pakistan

3. Results
2009 were detected for the study area. The categories
of land-use that were classified in our study were
broad leave forest, agriculture, dense conifer forest,
grasses, lakes, natural water bodies, rivers, soil, sparse
conifer forest, and the unclassified area. Land-use
units were correlated with climatic data (Figures 3, 4
and 5 respectively).

3.1. Land use changes occurred during 1992
to 1999
Results showed the spatial distribution of land use
changes detected during 1992 to 1999 (Figure 6). It
was revealed that the area under agriculture was
2
17.17 square kilometers (km ) in 1992 and the area
2
increased to 26.09 Km in year 1999 (Table 1). This
showed that the agriculture area has increased over
2
time up to 8.93 Km . Broadleaved forest area was
2
increased by 2.96 Km in seven years. The dense
2
coniferous forest has decreased heavily by 139.85 Km
which showed that the pressure on the forest area
was very high. The grass lands were increased up to

Figure 2: Flow diagram for land-use change detection
using GIS

3.2. Land-Use changes occurred during 1992
to 2009
Land-use year 1992 to 2009 (Table 2) revealed the
following results. The agricultural area was increased
2
2
by 16.03 km which was 17.17 km in 1992 and 33.19
2
km in 2009. Broadleaved forests had also increased,
2
2
its area was 12.27 km in 1992 and 21.05 km in 2009
2
the increased area was 8.78 km .
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Figure 3: Land-use map based on the satellite image
taken in year 1992
Table 1: Area under various land-use classes estimated
from satellite images taken in years 1992 and 1999
Land use
Agriculture
Broadleaved forest
Dense conifer forest
Grass
Lakes
Natural water bodies
River
Soil
Sparse conifer forest
Unclassified forest

1992
2
(km )
17.17
12.27
2120.56
39.67
122.13
575.66
67.09
819.96
65.43
3244.60

1999
2
(km )
26.09
15.23
1980.72
117.08
135.48
433.27
88.23
1235.21
40.72
3012.01

Change
2
(km )
8.93
2.96
-139.85
77.41
13.35
-142.39
21.13
415.25
-24.71
-232.61

Table 2: Area under various land-use classes estimated
from satellite images taken in years 1992 and 2009
Land Use
Agriculture

1992
2
(Km )
17.17

2009
2
(Km )
33.19

Change
2
(Km )
16.03

Broadleaved forest

12.27

21.05

8.78

Dense conifer forest

2120.56

1770.29

-350.27

Grass

39.67

343.17

303.49

Lakes

122.13

159.55

37.43

Natural water bodies

575.66

208.44

-367.23

River

67.09

91.76

24.67

Soil

819.96

1540.03

720.07

Sparse conifer forest

65.43

30.01

-35.42

3244.61

2886.98

-357.62

Unclassified

Figure 4: Land-use map based on the satellite image
taken in year 1999
The dense coniferous forest area was decreased by
2
2
350.27 km its area was 2120.56 km in 1992 and was
2
decreased to 1770.29 km in 2009. Grass lands area
2
was increased by 303.49 km , the area of grass lands
2
was 39.67 km in 1992 and the area increased to
2
343.17 km in 2009. The lakes area had increased by
2
37.43 km . The natural water bodies showed a huge
2
decreased area of about 367.23 km during 1992 to
2009 while the flow of river area had been increased
2
2
by 24.67 km which was 67.09 km in 1992 and 91.76
2
km in 2009. The barren soil area had also increased
2
2
by 720.07 km which was 819.96 km in 1992 and
2
1540.03 km in 2009. The sparse coniferous forests
2
had decreased intensively by 35.42 km ; the area was
2
2
65.43 km in 1992 and 30.01 km in 2009. The
2
unclassified area was 3244.61 km in 1992 and
2
2886.98 km in 2009 that showed decrease in an area
2
by 357.62 km . The land-use change trend from 1992
to 2009 was significant (Figure 7).

3.3. Analysis of precipitation pattern in
study Area
The mean monthly precipitation pattern over the
period of 40 years (1972-2009) is shown in Table 3.
Since the precipitation is less than 250 mm per annum
the area falls in arid region. From 1972-1981, the
precipitation was 9.6 millimeters (mm) in January
which increased to 30.02 mm in April.

62
Copyright© PMAS-Arid Agriculture University Rawalpindi, Pakistan

http://jaab.uaar.edu.pk

Karim et al. 2016

Figure 5: Land-use map based on the satellite image
taken in year 2009

Figure 6: Spatial distribution of land-use changes
occurred during 1992-1999
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An abrupt decrease (7.42 mm) in June was recorded.
The precipitation again showed an increased trend in
month of August which was 21.32 mm. In the month
of November, precipitation decreased to lowest value
of 1.59 mm. In the month of December the
precipitation increased slightly 4.56 mm. Then in next
ten years (1982-1991) a slight increase in precipitation
was observed from January to May. The precipitation
during January was 5.01mm which increased to 33.44
mm in May. In June it decreased abruptly to 7.45 mm.
In July the trend showed slight increased value 15.7
mm which decreased to a value of 4.92 mm in
September. The precipitation increased to 24.5 mm in
October which decreased to 3.18 mm in November.
There was slight increase in precipitation in month of
December which was 10.18 mm. The precipitation
pattern during 1992 to 2001 revealed increase during
January and February whereas decrease in March.
Precipitation was 8.64 mm in January which increased
to 15.96 mm in February. The maximum precipitation
during this period was observed in April that was
28.12 mm. The graph showed declining trend in
precipitation from May to October. The precipitation
was 20.56 mm in May which decreased to 2.64 mm in
October. In November it was increased to 8.22 mm
and decreased to 3.41 mm in December. In the years
from 2002 to 2009 the precipitation varied frequently.
In January precipitation was 13.81 mm, which
decreased to 9.5 mm in March. In April the
precipitation was highest of all the months which were
31.06 mm. As we moved forward the precipitation
indicated decreasing pattern in July. There was a slight
increased precipitation in August which was 12.54
mm. Then again precipitation decreased from August
to November. In August the precipitation was 12.54
mm which decreased to 1.99 mm in month of
November. In December there was slight increased
precipitation which was 10.96 mm.

Figure 7: Spatial distribution of land-use changes
occurred during 1992-2009
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Land Use Classes
Figure 8: Temporal change by land-use classes

3.4. Analysis of temperature trend in study
AREA
The mean monthly temperature for the period of 40
years (1971-2009) was also analyzed (Table 4). The
data indicated that in winter the temperature falls to
0
freezing point and in summers rises up to 31 C
(Pakistan Meteorological Department, 2015). From
1972 to 1981 the temperature was minimum in
0
January 3.17 C which increased slightly with the
passage of time. The maximum temperature was
0
observed in the month of July which was 27.59 C.
From August onward the temperature showed
decreasing trend. In August the temperature was
0
0
26.31 C which decreased to 4.23 C in December. It
revealed that the temperature was highest during the
months of May to September and minimum during
months of January, February, November and
December. In next 10 years (1982 to 1991) the
temperature was low at the start of the year and
0
increased in June. The temperature was 4.28 C in
0
January which increased to 23.65 C in June. In July
and August the temperature remained same with little
variations. The temperature decreased from the
month of September till the month of December. The
0
0
temperature was 22.15 C in September and 5.39 C in
December. This data revealed temperature extremes
occurred during the period. Temperature variations
have been observed in next ten years i.e. from 1992 to

2001. From the start of the years temperature was
very low. Then slight increase in temperature was
observed as we moved toward July. The maximum
temperature observed was in the month of July. The
0
average temperature in January was 4.45 C which
0
increased to 17.64 C in May. The highest temperature
during the whole year was observed during June and
0
August that was 25.18 C in June and 27.23 in August.
0
In September the temperature was 23.32 C which
0
decreased to 5.82 C in December. The average
temperature for years 2001 to 2009 showed slight
increase as compared to the average last decade. In
0
January the temperature was 10.39 C. From February
onwards the graph indicated increased temperature
toward the month of April. The temperature was
0
0
14.01 C in February which increased to 24.91 C in
0
April. The temperature remained in between 30.51 C
0
to 35.85 C during months of May to September. The
graph revealed that maximum temperature was 35.85
0
C in July. From October onwards the decrease in
temperature was observed, in October temperature
0
0
was 26.36 C which decreased to 12.2 C in December.

4. Discussion
Climate change is heavily related to land-use changes
as both the cause and effect (Dale, 1997). Along with
various human activities, changes in land use and land
cover equally contribute in climate change (Pielke,
2005). Considering all the climatic and human factors,
it was revealed in the present study that some serious
changes in the covered area of land-use classes have
occurred over the course of twenty years (1992-2009)
(Figure 8). The change in agricultural land was less
than 1 percent (%) while over 4 % increase in area of
grass land was observed over time. In an another
study, Briner et al. (2013) mentioned that effects of
climate change on cultivated land are significant in
areas of high elevation. The change in grass land area
was slow till 1999 while it increased abruptly onwards
which resulted decline in dense coniferous forests
which decreased ~4 % in area.
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Table 3: Average Monthly Precipitation from 1972 to 2009

1972-1981
January
February
March
April
May
June
July
August
September
October
November
December

9.6
17.9
20.77
30.02
24.44
7.42
17.09
21.32
7.64
3.16
1.59
4.56

Average precipitation (mm)
1982-1991
1992-2001
5.01
7.13
12.54
14.57
33.44
7.45
15.7
13.21
4.92
24.5
3.18
10.18

8.64
15.96
11.93
28.12
20.56
15.15
15.58
16.06
14.43
2.64
8.22
3.41

2002-2009
13.81
10.56
9.5
31.06
20.61
13.69
9.06
12.54
8.63
6.28
1.99
10.96

Table 4: Average Monthly Temperature from 1972 to 2009
o

1972-1981
January
February
March
April
May
June
July
August
September
October
November
December

3.17
6.05
11.28
17.15
20.31
25.27
27.59
26.31
21.78
16.34
9.18
4.23

Average Temperature ( C)
1982-1991
1992-2001
4.28
6.24
11.4
16.41
19.61
23.65
26.26
26.08
22.15
16
10.33
5.39

4.45
7.68
12.5
17.64
22.26
25.18
27.99
27.23
23.32
17.18
10.76
5.82

2002-2009
10.39
14.01
20.24
24.91
30.51
34.44
35.85
34.96
31.26
26.36
19.5
12.2

Table 5: Correlation Matrix

Agriculture
Broad leave forest
Dense conifer forest
Grass
Lakes
Natural water bodies
River
Soil
Sparse conifer forest
Unclassified

Average Precipitation
0.47
0.24
-0.31
0.15
0.26
-0.29
0.73
0.49
-0.61
-0.56

Average Temperature
0.85
0.95
-0.93
0.97
0.95
-0.93
0.64
0.84
-0.76
-0.79
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The increase in grass lands indicated the growing
demands for food and resultant increase in rate of
deforestation (Ribeiro et al., 2016). Serious change has
been observed in the area of natural water bodies
which decreased up to 5 % from 1992 to 2009. The
combined effect of decreased land cover and aridity
index on fresh groundwater depicts increase in
groundwater recharge in areas having low
precipitation and high temperature (Ranjanet al.,
2006). Temperature kept on increasing constantly in
last 40 years which may result in conversion of water
bodies into barren soil. Maximum increase in area of
barren soil (~10 %) has been observed from 1992 to
2009. Change in temperature and precipitation has
resulted in shifting of various land uses.
In present study, correlation matrix indicated nature
of relationship between climatic factors and land-use
changes (Table 5). The agriculture category showed
positive relationship with average temperature as the
value was 0.85 and the value among average
precipitation and agriculture was 0.47. Grasses also
showed a direct relation with average temperature
and average precipitation as the correlation value was
close to +1. Climatic factors such as temperature and
precipitation directly influence agriculture and
rangelands in areas of high elevation (Briner et al.,
2013). The broad leave forest showed positive
relationship towards average temperature and
precipitation. The dense coniferous forest showed
negative relation towards average precipitation and
temperature. The results showed by correlation matrix
were -0.93 and -0.31. Forest cover leads to decrease in
carbon dioxide concentration into the atmosphere and
its climatic forcing which results decrease in local
temperature (Pielke, 2005). However, the amount of
carbon uptake may significantly increase with the
increase of natural woody vegetation (Redo et al.,
2013). The natural water bodies showed indirect
relation with average temperature and rainfall as the
correlation value was near to -1. The rivers showed a
direct relation towards the precipitation and
temperature as the statistic value was near to +1.
Land-use changes only influence seasonal stream flow
and have average impact on annual flow of water. The
correlation statistics for soil showed direct relation
among soil, average precipitation and average
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temperature. Variations in rainfall and temperature
directly influence the dispersion of soil (Nearing et al.,
2004).

5. Conclusions
The study conducted in District Diamer of GilgitBaltistan revealed that the geospatial techniques are
useful in detecting land-use changes occurred during
various time periods. The area under agriculture
2
increased by 16.03 Km from 1992 to 2009. This was a
clear indication of increasing trend of agriculture due
to increasing demand for food crops. The broadleaved
forests indicated an increased area of 21.05 in 2009
2
that was 12.27 km in 1992. The dense coniferous
forest revealed to be declined by an area of 350.27
2
km from 1992 to 2009. The area of grasses was
2
increased by 303.49 km from 1992 to 2009. The area
2
of river showed an increased area of 24.67 km during
the same period. The sparse coniferous forest
revealed a declined trend in area, which was 65.43 in
2
1992 and decreased to 30.01 km in 2009. The area
which remained unclassified showed a decrease of
2
357.62 km . The precipitation in this region is below
250 mm which determines the area to be arid in
nature and the temperature is minimum during winter
and maximum in summers. The natural resources i.e.
forests and natural water bodies are declined due to
heavy exploitation pressure and conversion to
agriculture land. The increased river area indicated the
changing climate such as increased temperature that
caused enhanced melting of snow and glaciers. The
approach used in this study revealed that land-use
changes are real in the area and it is due to human
and climatic factor.
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