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Abstract

Detecting change on the face of the globe using GIS (Geographic Information System) aided by re-
motely sensed imagery is now becoming an indispensable tool in managing the resources of our
planet. The present study with the help of GIS and remote sensing (RS) is also a similar attempt in
recording and quantifying change in land use and land cover in district Pishin both in spatial and
temporal extents. Satellite imagery was acquired from the USGS official website from three
LANDSAT satellites. Theses satellites are LANDSAT 5, LANDSAT7 and LANDSAT 8. The data were
acquired for the years 1992, 2003 and 2013. Satellite imagery was processed in ArcMap 10.1 and
maximum likelihood supervised image classification was applied in reaching the goal of detecting
change. The result of the analysis revealed that built-up area was increased by 5.84%; vegetation
was increased by 3.89%; water bodies were increased by 0.05% and bare surfaces were decreased
by 9.78%. The decrease in the barren surfaces was attributed to the increase in vegetation and
built-up area which replaced the barren land in the study area. This paper also shows the signifi-
cance and potential of digital change detection methods in managing the resources of our envi-
ronment and keeping an eye on the land use and land cover of our Earth.
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1. Introduction

Scientific studies have shown that there are only few places left on the face of the earth which are still in their
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natural state, and are not altered due to human involvement and activities. Anthropogenic activities along with
some natural process have greatly altered the natural state of the face of earth. Land use/land cover (LULC) pat-
tern of an area is almost entirely defined by human and natural activities [ 1]. Therefore, LULC change detection
studies have become extremely important for monitoring our environment and using the resources of the mother
Earth in a judicious way [2]. Observing Earth from space using satellite imagery is playing decisive role in mon-
itoring and keeping an eye on human influence on Earth’s environment and resources available for our utiliza-
tion [3]. Detecting change digitally helps in determining the changes that have occurred in land use and land
cover with the help of geo-referenced multi-dimensional remotely sensed data [4]. Satellite imagery with various
spatial, temporal, spectral and radiometric resolutions is used for the purpose of change detection both in spatial
and temporal extents in the study area. These images with various data specifications can be acquired in numer-
ous formats from various data providing web sources for free or by paying to the data providers [5]. It should be
kept in mind that the data that are available for free are mostly in less spatial resolutions but can effectively be
used in land use change detection. For any kind of digital change detection, it is necessary to classify the im-
agery that is pre-processed and enhanced if necessary [6]. The imagery that is acquired can be processed in var-
ious GIS software packages using various methods such as supervised and unsupervised classification after its
Geo-registration and enhancements [7]. The digital process of Maximum Likelihood as a common method is
mostly used for detecting change in variety of geographical setups [8]. Supervised classification is still one of
the most widely used supervised classification methods [9]. This process is also considered trustworthy and ac-
curate [10]. GIS as tool was used in detecting land use change in the study area in its spatial and temporal are-
nas. To accomplish this, a very sophisticated GIS software package called ArcMap 10.1 was used for handling
satellite imagery. In addition to the satellite data from different LANDSAT sensors, topographic sheets were al-
so used in reaching the goal of digital change detection in the study area.

The availability of imagery of the desire dates is one of the limitations of the study along with the availability
of very high resolution satellite images. The research is carried out on a topic that is of great importance in
keeping an eye on resources of the Earth using the GIS and remote sensing.

2. Methodology
2.1. Study Area

District Pishin is situated in North West of Balochistan province of Pakistan (Figure 1), and is geographically
gifted with lofty mountains and intermountain plateau, with scattered plain areas in form of piedmont plains.
The absolute location of District Pishin is 30°04' to 31°17' North and 66°13' to 67°50' East [11]. The total area of
district Pishin is 5296 sq km. Pishin district has a climate with mild summers and very cold winters.

Eleven inches of precipitation per annum depicts the dry and semiarid climate of the province. The Geo-
graphical location of the district is on the margin of the prominent weather systems of the subcontinent that are
the summer and winter Monsoon.

2.2. Data Sources and Acquisition

For the purpose of land use and land cover change detection data from different LANDSAT sensors was used.
The data in from of satellite imagery was acquired from the USGS official website from three LANDSAT satel-
lites. The first one is LANDSAT 5 carrying TM (Thematic Mapper) senor. Imagery for the year 1992 was
downloaded from this sensor. The second one is LANDSAT?7 carrying the ETM+ (Enhanced Thematic Mapper)
sensor. Imagery for the year 2003 was downloaded from this sensor, and the third one is LANDSAT 8 carrying
OLI (Operational Land Imager) sensor. Imagery for the year 2013 was downloaded from this sensor. The data
that was acquired from these sensors was of a fairly larger temporal extent of around 21 years (1992-2013) and
also was of considerable spectral resolution. Topographic sheets were acquired from survey of Pakistan and
were used in the process of class making and change detection.

2.3. Data Analysis

Image classification is a joint human and computer attempt to identify land use/land cover classes present in the
imagery by using the spectral information that is stores in the imagery in form of digital number values. To find
out the land use and land cover change, the satellite imagery was classified in ArcMap 10.1. For this study the
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Figure 1. Location map of district Pishin.

process of supervised classification was performed using the maximum likelihood supervised classification
script. During this process of supervised classification training samples were selected with great care, and each
LULC class was identified with the help of pan-sharpened imagery and topographic maps. It is pertinent to men-
tion that the personal observation and knowledge of the study area also helped in the classification process. Post
classification accuracy assessment was performed using the error matrix method. The accuracy assessment con-
firmed the accuracy of the classification process. Four land use and land cover classes were identified for the
detection of change in the study area. The details of these classes are given in Table 1.

3. Results and Discussions

All the three images that were processed and classified were used to reach the goal of LULC change detection.
As mentioned earlier that all the three images of the year 1992, 2003 and 2013 were classified using the maxi-
mum likelihood supervised classification. The results of the classification are discussed below in detail.
Results of 1992 Classified Image
According to the results of the classified image (Figure 2) the bare surfaces dominates the total area and covers
88.03% which is followed by built-up area which covers 6.56%. The water bodies cover the least of land area
and covers only 0.13% of the total area. Accuracy assessment was also performed for the classified image. The
results of the image indicate that user’s accuracy for all the classes is very good except water which is about
84%. This can be attributed to the same spectral responses of some water pixels as that of some darkish rocks in
the class bare surfaces. The overall accuracy of classification is also very good, which is around 89%.

Results of 2003 Classified Image

According to the results of the classification (Figure 3) water bodies covers the least part of the total area
which is 0.14% or 1836.54 acres. Barren land covers a major chunk of the total area which is 81.62% or
1,068,335.01 acres. The vegetation covers 7.69% or 100,669.02 acres. The buildup area covers about
137,834.54 acres or 10.53% of the total area. The resultant map of the image of the year 2003 that was classified
for the purpose of land use and land cover change detection can be seen in Figure 3. Accuracy assessment of the
2003 image clearly indicates that the bare surfaces were most accurately classified. This can be attributed to the
reason that a large portion of the study area comprises this land cover type. The leas accurately class is again
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Figure 2. Land use and land cover classification for the year 1992.
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Figure 3. Land use and land cover classification for the year 2003.
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Table 1. Showing land use land cover classes.

Class Description
1 Bare surfaces Areas with no vegetation cover, soil, stony areas, uncultivated agricultural lands.
2 Vegetation All kind of green plants, trees, grass.
3 Water bodies Dam, river, lake.
4 Built-up area Settlements like Town, city and village etc.

water which is 86% this can be attributed to the reason that some pixels in the image that were covering the
mountainous portion of study area were having same spectral characteristics as that of water.

Results of 2013 Image Classification

The results of the classification (Figure 4) shows that barren land still occupies a major chunk of the total
area which is 78.25% or 1,024,043.97 acres followed by built-up area which covers 12.40% or 162,303.31 acres.
The vegetation covers 9.17% or 120,016.27 acres. Water bodies covers only 0.18% or 2311.57 acres. Accuracy
assessment of the classification depicted that most accurately classified class is bare surfaces which constitutes
the major portion of the study area.

This means that about 94% of the bare surfaces were classified accurately. The least accurately classified
class again is water which is 84% correctly classified. The overall accuracy of the classification is 89%.

3.1. Land Use and Land Cover Change

After this detail analysis using satellite imagery that was covering a relatively long temporal span of around 21 it
is found that bare surfaces were covering a major chunk of land area which was 88.03% of the total area of the
study area in 1992 this was reduces to §1.63% in the year 2003 and was further reduced to 78.25% in the year
2013. Thus an overall 9% decrease in bare surfaces was recorded during the study period. Built-up area was
recorded as 6.57% of the total area in 1992 which was increased to 10.53% in the year 2003, and this figure was
increased to 12.40% in the year 2013. Thus an overall increase of 5.84% was recorded in this particular land use
class. Vegetation was about 5.28% of the total area in the year 1992 which was increased to 7.69% in the year
2003 and to 9.17% in the year 2013. Thus an overall increase of 3.89% was recorded during the study period.
Water bodies was covering 0.13% in the year 1992 which slightly increased in the year 2003 to 0.14%, the water
bodies was further increased to about 0.18% of the total area in the year 2013. Thus an overall increase of 0.05%
was recorded during the study period. The detail of the year wise increase or decrease in land use and land cover
classification and percent of change is given in Table 2.

3.2. Findings and Recommendations

3.2.1. Findings

Despite many factors such as availability of imagery for specific time of the year and the availability of recent
and updated topographic maps, that created hurdles in finding change in the study area. The present study
proved very effective in fulfilling the objectives that were set for the study. The study rendered following find-
ings:

1) The area that is covered by vegetation is gradually increasing. This can be attributed to the increase in
number of tube wells and provision of electricity to most part of the study area. As a result of this increase, a
number of tube well people is now able to irrigate their fields at interval require for normal growth and produc-
tion.

2) It was noted that the increase in vegetation is almost entirely restricted to plain southern, south eastern and
south western parts of the district. This is because of the availability of cultivatable land in those parts of the
study area.

3) It was noted that built-up area increased the most in terms of its proportion to total area. This can be attri-
buted to the increase in agricultural products which in turn increase economic activities and ultimately human
settlements and population in the study area.

4) The bare surfaces in the study area are decreasing. This is because the area that was once occupied by the
bare surfaces in now covered by vegetation and human settlements.



S. Khan et al.

66“4?‘0"E 67°(l)'0”E 67°15'0"E 67°30'0"E 67“451'0"E
' Pishin
Land use and : d cover classification for 2013. | 3I150'N
> 31°00"N
J'_ 30°45'0'£
30°300"N
Legend
I l:l Built-up area
- Vegetation
105 0 10 20 3?(rn B Water bodies
30°15'0"N f 1 ] 9 Bare surfaces

Figure 4. Land use and land cover classification for the year 2013.

Table 2. Year wise area covered by each class and percent of change.

Land use/Land cover 1992 2003 2013 Change (%)
class Hectares (%) Hectares (%) Hectares (%)
Built-up area 34,725.51 6.57 55,779.66 10.53 65,681.82 12.40 5.84
Vegetation 27,985.86 5.28 40,739.31 7.69 48,568.86 9.17 3.89
Water bodies 668.88 0.13 743.22 0.14 935.46 0.18 0.05
Bare surfaces 466,221.78 88.03 432,339.84 81.63 414,415.89 78.25 -9.78

5) Water bodies in the study area have increased with very slow speed, and have increased only 0.05% in
around 21 years. This is because the area is experiencing dry spells in the recent times.

6) The area covered by barren surfaces is mostly decreased in the plain southern, south eastern and south
western parts of the district.

7) The little increase in the water bodies is due to the construction of small dams on seasonal streams that runs
through the study area.

8) The buildup area increased in most parts of the district, especially in the plain southern, south eastern and
south western parts of the district.

9) The Lake Kushdil khan in central southern part of the study area is the still the largest water body, but the
area covered by it has shrunken over the time.

10) On the basis of current finding it can be predicted that the barren land will continue to shrink and will be
replaced by the buildup area and vegetation.

3.2.2. Recommendations
The present study is in fact the first attempt in detecting change with the help of GIS and RS in the study area,
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and was carried out with the aid of the freely available satellite imagery. The present study advocates that the
use of multi-spectral and multi-temporal imagery can prove very useful for this kind of study. Detecting change
using other methods especially using the conventional method often don’t works or renders inaccurate results.
The study proved that maximum likelihood supervised classification is one of the most suited classification
process used for this kind of study. There are many potential possibilities which should be taken in consideration
for any future such study. Following recommendations are made in this regard:

1) The present study was carried out with the aid of medium resolution freely available imagery. The imagery
was having medium spectral and spatial resolutions. As a results of this the chances of misclassification in-
creases. Therefore commercially available satellite imagery with very high spatial and spectral resolution can be
used for much accurate results.

2) Differential GPS can be used for the collection of the reference data for accuracy assessment. Reference
points collected with the aid of the differential GPS can render more accurate results while assessing the post
classification accuracy.

3) New and updated topographic maps can be used, which will certainly help in the process of classification
and class identification.

4) Colored aerial photographs can certainly help in the process of classification and class identification. Such
photographs should be used if available.

5) Other methods of classification can used in reaching the goal of land use and land cover change detection.

4. Conclusion

Land use and land cover change detection with the help of satellite imagery is important for monitoring envi-
ronmental changes [12]. The present study that was conducted for the detection of change in land use and land
cover in district Pishin with the help of multi-temporal and multi-spectral imagery provided by the United States
Geological Survey website from LANDSAT series of the satellites strongly advocates that satellite imagery can
effectively be used in detecting change in spatial and temporal extents in almost every part of the globe. Study
of such kind if carried without taking the help of GIS and Remote Sensing otherwise would have been impossi-
ble if we were to find change that covers such vast temporal and spatial extents. This study reveals that Built-up
area was increased by 5.84%;, vegetation was increased by 3.89%; water bodies were increased by 0.05% and
bare surfaces were decreased by 9.78%. The decrease in the barren surfaces was attributed to the increase in
vegetation and built-up area which replaced the barren land in the study area. Thus on the basis of the results
rendered by this study, it reveals that GIS and RS are currently one of the most effective tools in detection and
quantifying change in land use and land cover of particular area.
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