Sci.Int.(Lahore),28(1),287-293,2016 ISSN 1013-5316; CODEN: SINTE 8 287

ASSESSMENT OF SALINITY CONTROL AND RECLAMATION PROJECT

(SCARP) IMPACT ON CHOLISTAN DESERT USING GEOINFORMATICS

Muhammad Ahsan Mahboob Igra Atif* and Abdul Waheed?
YInstitute of Geographical Information Systems (1GIS)
%Department of Urban & Regional Planning
National University of Sciences and Technology (NUST), Islamabad, Pakistan.
*Corresponding Author: Muhammad Ahsan Mahboob
Address: IGIS Building, NUST Sector H-12, Islamabad, Pakistan.
Phone: 92-51-9085-4491 (Office)
92-333-670-4571 (mobile)
Email: ahsan@igis.nust.edu.pkahsan.igis@gmail.com
(Presented at the 5th International. Multidisciplinary Conference, 29-31 Oct., at, ICBS, Lahore)

ABSTRACT: Agriculture is the backbone of Pakistan. In 1997 a project a salinity control and reclamation project (SCARP)
was launched in Cholistan and Bahawalpur division to increasing agricultural production. The objectives of this research are
(1) to utilize remote sensing and GIS technologies to assess the spatio-temporal trend of vegetation cover in Cholistan after the
implementation of SCARP project and (2) to examine the relationship between vegetation cover with other land cover in study
area. Multi-temporal Landsat satellite imagery for years 1991, 2000 and 2013 was used with three different image processing
techniques including Maximum likelihood Classifier, ISODATA classifier and Normalized difference vegetation index. . The
results show that vegetation has been increased by 24.34% in Cholistan and Bahawalpur region from 1991 to 2013. Whereas
the barren land including the desert area has been decreased almost 22.96% in the same time period.Strong negative
correlation with the value of —0.99 was observedbetween these two landcover classes.There can be no doubt that the SCARP-
projects have provided some relief to the affected lands, which can be witnessed in the Cholistan desert and Bahawalpur
district. The Geoinformatics provide a rapid, effective, spatially comprehensive and multi-scalar technique for mapping land

cover particularly the vegetation in arid regions which is otherwise not possible to attempt through conventional mapping.

INTRODUCTION

In the southern Punjab the Cholistan desert consist of an area
about 26,000 sg. km. In hot deserted areas the expansion and
growth of vegetation is mainly influenced by availability and
quality of water [1]. From the agriculture perspective
Cholistan is highly mesmerizing keeping a great capacity as
a range-land provided it is managed, derive benefit and
utilized fully [2,3]. Cholistan desert is distributed into two
geomorphic regions on the basis of its landscape. Lesser
Cholistan expand on an area of approximately 7,770 km? in
the northern part that is adjacent with the canal-irrigated
regions whereas in southern part the Greater Cholistan covers
an area about 18,130 km?.

Soil salinity may be deprivingPakistan of about 25% of its
capacity of producing major crops [4]. In an arid sub-tropical
areas with extreme hot temperature, high evaporation and
low precipitation as well as sandy soil, plain geography and
worst natural drainage, these are factors that lead to water
logging and salinity because of inadequate drainage system
for irrigation. By the 1960 series of Salinity Control and
Reclamation Projects were initiated to minimize the water
logging and soil salinity. SCARP-VI project was
implemented in the districts of Rahim Yar Khan and
Bahawalpur of Punjab province of Pakistan, which was
suffering from waterlogging and salinity since early1960s
[5]. The aim of the project to increase agricultural production
by reducing soil salinity, waterlogging and providing
irrigation water. The total area under this project is
approximately 1.46 million acres (Mac) from this about
1.267 Mac are controlled by Punjnad and Abbasia Canals.

In 1989 SCARP-VI [6] started to install 514 deep drainage
tube wells to avoid waterlogging. The operation of 514 tube
wells of. Embankments have placed at saddle and in between
the ridges to make ponds banks. The stream networks have
been done by cutting the dunes to connect the neighboring

ponds, which have adapted them in to adjoining series of
ponds. Discharge of salinity within the range of 18000 to
25000 ppm has been run into these evaporation ponds for
removal with the process of leaching and evaporation.

The vegetation of Cholistan desert includes xerophytic
species, adapted to extreme climatic conditions, variability of
moisture and extensive diversity of edaphic conditions.
Vegetation cover vary area to area in Cholistan, depending
upon the soil topography and chemical composition. So, it is
important to map the vegetation cover to observe the growth
pattern and conclusively do the effective measures to
increase the vegetation where possible by utilizing the
resources efficiently.

Traditional method of vegetation mapping comprises of field
survey by creating the quadrants over an area under
observation. In every single quadrant the species can be
surveyed by the number of individuals,
existence/nonexistence or the percentage of species in each
quadrant.

With the advancement of remote sensing techniques, it has
become a common practice to monitor the vegetation and its
species using different approaches[7-9]. There are various
types of remote sensing products and techniques that can be
used to map the vegetation and its species using
classification of remotely sensed data and normalized
difference vegetation index (NDVI), or other vegetation
indices [10].

The objectives of this research are (1) to utilize remote
sensing and GIS technologies to assess the spatio-temporal
trend of wvegetation cover in Cholistan after the
implementation of SCARP project and (2) to examine the
relationship between vegetation cover with other land cover
in Bahawalpur Division.

Jan.-Feb


mailto:ahsan@igis.nust.edu.pkahsan.igis@gmail.com

288 ISSN 1013-5316; CODEN: SINTE 8

MATERIALS AND METHODS

Study Area

The research study was carried out in the Cholistan desert
that is situated in South-West of Punjab, Pakistan (figure 1).
Cholistan desert is an extension of Great Indian Desert and
lies between latitudes 27° 42' and 29° 45' North and
longitudes 69° 52" and 75° 24' East [11]. Over-all land extent
of Cholistan desert is about 2.6 MH [12], and has a span of
about 480 km and size vary from 32 to 192 km [13].
Depending upon the core material, landscape, soil and
vegetation, the entire desert can be divided into two
geomorphic regionsLesser Cholistan (Northern area) and
Greater Cholistan (southern area) [14].
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Figure 1: Location map of study area, Cholistan and
Bahawalpur division.

Satellite Data
For this research, a multi-source remotely sensed dataset
(table 1) is used for land cover and vegetation assessment of
Cholistan from 1991 to 2013.
Landsat 5 Thematic Mapper (TM) acquired for 1991. The
image consists of seven spectral bands (from Band 1 to Band
5 and Band 7) with a spatial resolution of 30 meters and for
thermal Band 6 it is 120 meters.
Landsat 7 Enhanced Thematic Mapper Plus (ETM+)
acquired for 2000. The image consists of eight spectral bands
(from Band 1 to Band 5 and Band 7) with a spatial resolution
of 30 meters and for thermal Band 6 it is 120 meters. Band 8
is panchromatic with spatial resolution of 15m.
Landsat 8 Operational Land Imager (OLI) images were
acquired for year 2013. The image has a spatial resolution of
30 m for eight spectral bands (Band 1 to Band 5 and Band 9),
15 m for panchromatic (Band 8), and 100 m for the thermal
bands (Band 10 and 11). In OLI Band 1 coastal and Band 9
cirrus is useful for coastal and cloud analysis.
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Table 1. The spectral resolution of each sensor band.

Spectral domain Landsat 5 Landsat 7 Landsat 8
Visible Band 1(045-0.52ym)  |Band 1(0.45-0.52 ym)  |Band 2 (0.45-0.51 ym)
Band 2 (0.52-0.60 pm)  |Band 2 (0.52-0.60 ym)  |Band 3 (0.53-0.59 ym)
Band 3 (0.63-0.69 pm)  |Band 3 (0.63-0.69 ym)  |Band 4 (0.64-0.67 ym)
Near-infrared Band 4 (0.76-0.90 um)  |Band 4 (0.77-0.90 um)  |Band 5 (0.85-0.88 um)
Band 5 (1.55-1.75 ym)
Short Wave-infrared |Band 7 (2.08-2.35ym)  |Band 5 (1.55-1.75ym)  |Band 6 (1.57-1.65 ym)

Band 7 (2.09-2.35) um)  |Band 7 (2.11-2.29) ym)

Thermal Band 6 (10.40-12.50 m) |Band 6 (10.40-12.50 pm) |Band 10 (10.60-11.19 um)
Band 11 (11.50-12.51 ym)
Panchromatic Band 8 (0.52-0.90 ym)  |Band 8 (0.50-0.68 ym)
Cirrus Band 9 (1.36 - 1.38 m)
Coastal Band 1(0.43 - 0.45 ym)

Pre-Processing

The pre-processing step of satellite images is composed by
geometrical and atmospheric adjustments. So as to reduce the
geometric errors, that could be cause wrong interpretation of
LC changes. Unalike solar brightness conditions,
atmospheric scattering and absorption dynamics could
generate variations in radiance values, which are not linked
to land cover reflectance modifications [15]. Actually, the
basic principle in using remote sensing data for change
detection is that changes in land cover must be greater than
radiance changes caused by differences in atmospheric
conditions, sun angle, vegetation changes and soil moisture
[16,17]. To reduce seasonal effects, which frequently cause
errors in change detection, remote sensed images have to be
selected referring to same month with clear sky conditions,
avoiding the uncertainness of inter-annual variability [18,19].
The satellite image maps of Bahawalpur Division and
Cholistan in year 1991, 2000 and 2013 are shown in figure 2,
3 and 4 respectively.
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Figure 2. The satellite image map of study area after pre-
processing for 1991.
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Map of Bat pur Division and Choli in 2000
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Figure 3. The satellite image map of study area after pre-
processing for 2000.
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Figure 4. The satellite image map of study area after pre-
processing for 2013.

Image Classification
Three image processing techniques are used to map the
vegetation cover in Cholistan region. The techniques are (1)
Maximum likelihood classifier (2) ISODATA clustering
algorithm (3) Normalized difference vegetation index
(NDVI).
Maximum Likelihood Classifier (MLC)
The Maximum Likelihood Classifier (MLC) is one of the
most extensively used supervised classification technique for
the land cover mapping of remotely sensed imagery. This
classifier depend on the second-order measurements of a
Gaussian probability density function model for every class
[20,21]. This classification assumes that the statistics for
every class in all bands are bell distribution and computes the
likelihood that a particular pixel fits to a specific class. Each
pixel is assigned to the class that has the highest probability
(the maximum likelihood). During classification, all
unclassified pixels are assigned to class membership based
on the relative likelihood (probability) of that pixel occurring
within each class probability density function [22].
ISODATA Clustering Algorithm
The ISODATA clustering algorithm [23-24] relates the
radiometric value of every pixel with predefined number of
cluster attractors, group’s pixels in classes and moves the
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class average values in such a way that the maximum of the
previously grouped pixels fits to a class. The user interacts
with the process at the start, specifying the number of the
predefined classes to be formed and the iterations to be
carried out and at the end, where he chooses which class
represents which surface land cover object and combines or
discards the classes with non-realistic representatives.
Normalized difference vegetation index (NDVI)

The Normalized Difference Vegetation Index (NDVI) and
other vegetation indices have been effectively used for
monitoring biophysical condition and vegetation cover
mapping from satellite and airborne sensors [25-29]. The
NDVI comprises of a normalized ratio of red (R) and near
infrared (NIR) reflectances in the form [NIR — R] / [NIR +
R] [30]. Even if narrow band spectral indices provide more
spectral information, research has shown that broadband
indices can provide similar measurements of vegetation [31-
33].

RESULTS AND DISCUSSION

The results achieved through the analysis of multi-temporal
satellite images are shown in Figure 2, Figure 3 and Figure 4.
Landcover Status as per Supervised Classification

The land cover maps (figure 5-7) shows spatial distributional
pattern of land cover of the Cholistan and Bahawalpur
Division for the year 1991, 2000 and 2013. The statistical
graphs (figure 8) reveals that in 1991, about 13.12%
(5970.51km?) area was under vegetation, 83.51%
(38004.68km?) under barren land including desert, 0.31%
(143.14km?) under built-up land and 3.06% (1391.61km?)
under water body. During 2000 the area under these land
categories was found about 30.90% (14060.75km?) under
vegetation, 67.32% (30638.36km?) under barren land and
desert.

Landcover Map of Bahawalpur Division and Cholistan 1991
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Figure 5. Landcover map of the Bahawalpur Division and
Cholistan for 1991
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Landcover Map of Bahawalpur Division and Cholistan 2000
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Figure 6. Landcover map of the Bahawalpur Division and
Cholistan for 2000.
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Figure 7. Landcover map of the Bahawalpur Division and
Cholistan for 2013.

Beside that 0.94% (425.57km?) under built-up and 0.85%
(385.26 km?) under water body. In year 2013 about 37.46%
(17047.78km?) under vegetation, 60.55% (27554.54km?)
under barren land and desert, 1.52% (692.27km?) under
built-up and 0.47% (215.35km?) under water body (Table 2).

Table 2. The landcover statistics as per supervised classification.

Classes 1991 % 2000 % 2013 %
Urban 143.14 0.31 425.57 0.94 692.27 1.52
Barren 38004.68 83.51 30638.36 67.32 27554.54 60.55
Water 1391.61 3.06 385.26 0.85 215.35 0.47
Vegetation 5970.51 13.12 14060.75 30.90 17047.78 37.46

Total 45509.95 100 45509.95 100 45509.94 100

LandcoverStatus as per Unsupervised Classification

The statistical graphs on the basis of ISODATA
unsupervised classification technique reveals that in 1991,
about 14.38% (7383.33km?) area was under vegetation,
80.72% (35897.57km?) under barren land including desert,
1.93% (876.91km?) under built-up land and 2.97% (1352.12
km?) under water body. During 2000 the area under these
land categories was found about 31.67% (14414.72km?)
under vegetation, 65.74% (29918.23km?) under barren land
and desert, 2.06% (937.94km?) under built-up and 0.53%
(241.80 km?) under water body. In year 2013 about 37.37%
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(17007.06km?) under vegetation, 58.79% (26755.29km?)
under barren land and desert, 3.42% (1556.03km?) under
built-up and 0.42% (188.87km?) under water body (Table 3).

Table 3. The landcover statistics as per unsupervised classification.
Classes 1991 % 2000 % 2013 %

Urban 876.9195 1.93| 937.9458 2.06| 1556.035 3.42
Barren 35897.57 80.72| 29918.235 65.74| 26755.294 58.79
Water 1352.124 2.97| 241.8003 0.53| 188.8785 0.42
Vegetation 7383.33 14.38| 14414.72 31.67| 17007.065 37.37

Total 45509.94 100 45509.94 100 45509.94 100

Vegetation status as per NDVI

As per normalized difference vegetation index (NDV)the
vegetation in 1991, 2000 and 2013 was 14%, 30.18% and
36.97% respectively. The temporal variation of NDVI in
Cholistan and Bahawalpur Division is shown in figure 8.
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Figure 8. NDVI based vegetation map of the Bahawalpur
Division and Cholistan.

It is obvious from themap that there is a significant increase
of vegetation in the study area.

Landcover change

The results from supervised, unsupervised and NDVI clearly
indicate that vegetation has significant increase in the
Cholistan and Bahawalpur division since 1991. As per
supervised classification the increase in vegetation cover is
almost 24.34% from 1991 to 2013 (figure 9).
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Figure 9. Percent change in landcover of Bahawalpur Division
and Cholistan.

This can be directly associated with the implementation of
SCARP in Bahawalpur and Cholistan. On the other hand
barren land including the desert has been decreased almost
22.96% in the same time period. Also the statistical
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correlation value of r = —0.99 between the vegetation cover
and barren land reveals that vegetation is increasing and
barren land is decreasing in the study area. There is strong
negative correlation between the two landcover classes as
shown in figure 10.
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Figure 10. Correlation between vegetation cover and barren
land.
The most important change was observed in Fort Abbas
tehsil (figure 11). The spatial distribution of that change is
towards south-west side. In this region the government has
provided subsidy on the water pumps installation to the local
farmers under SCARP.

Vegetation Change Map of Bahawalpur Division and Cholistan
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The Yazman tehsil has also observed an increase in
vegetation cover as shown in figure 12. This can be related to
the extension and improvement of three canals in the area
named as Shahiwala Distributary, Two R Distributary, Dahri
Minor. This canal system was established in Yazman under
Satluj Valley Project canal system.

Near to Yazman in the Ahmadpur East region vegetation
followed the same increasing trend (figure 13) and this
region also share same canal irrigation Satluj Valley Project
system.
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Vegetation Change Map of Bahawalpur Division and Cholistan

Figure 12. Vegetation change in Yazman tehsil.
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Figure 13. Vegetation change in Ahmadpur East tehsil.
Under the project of SCARP the deep water tube wells were
established in the Liagatpur tehsil. The spatial and temporal
analysis of satellite imagery also reveal that in this region the
vegetation has been increase considerably as shown in figure
14.

Currently the government is also providing subsidy to the
local farmers on installation of solar tube wells under the
project Roshan Energy Solar Bahawalpur and Cholistan.

Vegetation Change Map of Bahawalpur Division and Cholistan
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Figure 14. Vegetation change in Liagatpur tehsil.
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CONCLUSION

The study conducted in Cholistan desert and Bahawalpur
division to assess the impacts of Salinity Control and
Reclamation Projects, (SCARP). Using Geoinformatics
techniques and multi temporal satellite imagery landcover
change was determined from 1991 to 2013. The major
landcover in the study area was barren land and desert which
has been decreased by almost 23%. While vegetation cover
was found to be increased by 24% since 1991. The increase
in vegetation can be associated with the SCARP. There can
be no doubt that the SCARP-projects have provided some
relief to theaffected lands.The small capacity tube wells
installed in the SCARP areas greatly helped in reducing
thewaterlogging and salinity conditions.The remote sensing
and GIS methods presented here provide a rapid, effective,
spatially comprehensive and multi-scalar technique for
mapping land cover particularly the vegetation in arid
regions which is otherwise not possible to attempt through
conventional mapping.
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