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ABSTRACT

Due to accelerated urbanization trend across the globe, unsustainable planning and management
has consequently led to tremendous deterioration of ecosystem especially vegetation cover and water
resources. Subsequently, posing a great challenge to sustainable urban advancement. Detection and
evaluation of such variations would assist the planners to apprehend the factors, which are respon-
sible for land use land cover change (LULCC) to adopt effective measures. GIS and remote sensing
techniques have proved to be an effective tool for the assessment of land use changes. This study was
conducted to assess the water quality index and analyze the major change in land cover types, vege-
tation cover, rate of urbanization and its possible impact on ground water resources vegetation, bar-
ren land and water lands have been decreased by -101.77 km?, —2.90 km? and -1.10 km? while built-up
lands expanded from 51.10 km?to 105.77 km? 16 Sites in Islamabad were categorized as unsuitable
(with < 300 WQI value) for drinking water due to highly anthropogenic activities. Decreasing water
quality and vegetation cover with alarming rate is posing a pressure on the limiting ground water
resource as well. This study would be helpful for the decision makers and planners to take proper
sustainable measure to address the repercussions of unplanned urbanization and land use changes
to protect the ecosystem.

Keywords: Urbanization; Islamabad; Remote sensing; Land cover change detection; GIS/RS Technology

1. Introduction

Generally, rural-urban migration is a key phenomenon
in the present time due to economic development, indus-
trial development and other associated factors. This rapid
urban development is absolutely complex in its nature
because it reduces vegetation cover inside and around the

*Corresponding author.

cities. Due to population explosion, lush green pastures are
converted into build areas. As environment of the cities con-
tinues to deteriorate by anthropogenic activities, the policy
makers, geographers, administrators and urban planners
are currently faced with the challenge to monitor the land
cover changes and urban land use [1]. LULC (land use and
land cover change) are important in its nature because they
provide an intimate association between human beings and
environment [2]. The study about land cover changes and
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urban land use (LCLU) is important due to comprehending
various impacts of human activities on the ecology, water
balance and environment of the cities concerned [3]. LULC
change is rapidly increasing in developing countries as
compared to developed countries and it is assumed that by
2020, most of the mega cities will be formed in developing
countries [4]. Huge population in the cities of developing
countries have great impacts on LULC, environmental deg-
radation, ecosystem functions, and on natural resources [5].
In China, rapid urbanization in the first decade of 21* cen-
tury had a heavy toll on, its environment and ecosystem [6].

Population growth rate is also very important as the
world urban population is increasing every year [7]. Urban
growth induces the replacement of natural land covers with
the impervious urban materials, the modifications of the
biophysical environment, adversely impacts land surface
characteristics and the alterations of land surface energy
processes [8]. Similarly, due to rapid urbanization, agri-
cultural land rate converted into urban area is also on the
rise. These changes have not only led to decreasing vege-
tation but also impacted food production capacity [9]. As
these changes on LULC caused by human induced activi-
ties and holding strong influences on regional environment
of specific area [10]. Land cover is dynamic and fluctuates
at different spatial and temporal scales [11]. Consequently,
land cover conversions through human or nature’s agencies
may have reflective influences on climate, biogeochemical
and hydrological cycles, biodiversity, human well being
and soil quality [12-15]. This rationalizes the importance
of land use and land cover change research in the context
of environmental variation and sustainable development.
This study is important in its nature because Islamabad is
the capital city of Pakistan, attracting new residents from
different parts of the country for variety of reasons. This
trend of movement from other cities to Islamabad have also
led to significant deterioration of the climates and urban
situation of this city. Due to this trend, the land cover of
the study region has been changing rapidly and this change
and huge rate of urbanization have specific impacts on
climate change and hydrology [16-19]. Absolutely, urban-
ization have positive impact on the country economy and
social development [20-22], but contrary to this, rapid and
unplanned urbanization has different kind of problems in
developing countries such as traffic, air pollution and pres-
sures on water resources [23].

Islamabad is a planned city having attractive setting at
the foot of mountains immediately north of Rawalpindi as
protective measure. Construction began in the early 1960’s,
following extensive surveys and planning. On the other
hand, rapid growth of both Islamabad and Rawalpindi
has made ever-increasing demands on natural resources
and caused adverse effects on the environment. To main-
tain the quality of the capital, municipal authorities need
information on the physical environment to plan the future
development. This paper presented the results that aimed
at characterizing land cover and its dynamics for about
two decades in Islamabad. The specific objectives were to
analyze the major land cover types in 1993,1997, 2002, 2007
2013 and 2017,determine the magnitude and nature of the
land cover changes that happened between these years,
check the trends of Urbanizations in Islamabad and impacts
of urbanization on ground water resources of Islamabad.

2. Material and method
2.1. Study area

This study is conducted in the capital city of Pakistan,
Islamabad, which is located at 33° 29’ 26.7”N and 72° 48’
42.08”E to 33° 48’ 1.34”N and 73° 22" 48.51"E (Fig. 1) at the
northern edge of the Pothohar Plateau and at the foot of
the Margalla Hills having elevation of 540 m (1,770 ft.). After
independence, the area encompassing Islamabad has been a
part of the Punjab province; more specifically the Pothohar
Plateau and later on in 1960 the area was converted into
Islamabad and was recognized as the new Capital of the
country. As per Capital Development Authority (CDA) the
area of Islamabad is 906.50 km?, in which the urban area
consists of 220.15 Sq.km, rural area is 466.20 km? and 220.15
Islamabad parks respectively [24]. The climate of Islamabad
is humid subtropical (Koppen: Cwa), with five seasons: sum-
mer (May and June), winter (November—February), spring
(March and April), autumn (September and October) and
rainy monsoon (July and August). June is the hottest month
with an average temperature of 38°C (100.4°F). Heavy rain-
fall is observed in July with the possibility of cloudburst and
flooding. January is usually the coldest month. Three arti-
ficial reservoirs regulate the micro climate of Islamabad i.e.
Simli, Khanpur and Rawal Dam. The inhabitants of Islam-
abad depend on both surface and ground water as their
domestic water source. Major source of surface water in the
study area is Simly Dam, while ground water is obtained
through public tube wells installed in the National park
area. Due to climatic variations, the inflow of water to Simly
Dam has reduced which has resulted in over exploitation of
ground water to meet water demands which has furthered
lowered the water table in the capital territory.

2.2. Data sources

The data collected for this study was mainly based on
satellite-based remote sensors, spatial databases, field vis-
its and secondary data (Table 1). Remotely sensed data was
obtained from Landsat 5 Thematic Mapper (TM) imag-
ery, which was acquired in June 1993 and 1997, Landsat 7
Enhanced Thematic Mapper plus (ETM+) imageries were
acquired in June 2002 and 2007, Landsat 8 OLI imagery was
acquired in June 2013 and2017 were got from the USGS col-
lection (http://earth explorer.usgs.gov/). Satellite images
downloaded and classified for major land use types pre-
vailed in the study area using ArcGIS (10.1) and ERDAS
IMANGINE software. The sampling units randomly gener-
ated using ArcGIS with a scale of 30 m selected to coincide
with the spatial resolution of the Landsat imagery.

Landsat data were carefully chosen due to its open
online availability, historic record and appropriate process-
ing approach, swath, cloud reportage, spectral, spatial and
time-based purposes. Image pre-processing, classification
scheme design, image classification, post-classification pro-
cessing, spatial reclassification, accuracy assessment and
change detection were performed. In order to check the
impacts of land cover change on hydrology in the study area,
ground water depth of water table data was obtained from
piezometer installed at four locations installed and moni-
tored by Pakistan Council of Research in Water Resources
(PCRWR). Piezometers were installed at PCRWR, National



404 M.T. Sohail et al. / Desalination and Water Treatment 159 (2019) 402411

T2°119I‘ED'E ?2'55]‘20"E

?B‘B'ISD'E

?3°1?‘0’E

33"41!'20"4

T
JI4320°N

3 5
Pakistan
E £
2' Major Roads '§
[ ] ssamabad
Elevation (m)
High : 1584
Low: 413
= k.
5_ o o2 4 8 2 16 Kiomaters |
% TZ‘&Q“&D'E ?2’55"25"E ?3’1|'D"E ?3‘8“40'E ?3"’12‘”20"E ?3“1’3‘0’5 ?3‘23.'41}'E
Fig. 1. Geographical location of the study area (DEM Map)
Table 1
Remotely sensed data
Data type Date of acquisition Spatial scale Source
Lands at 5 TM (Path 161 row 060)  June 1993 Multi-spectral: 30_30m  USGS (http://earthexplorer.usgs.gov/)
Lands at 5 TM (Path 161 row 060)  June 1997 Multi-spectral: 30_30 m
Lands at 7ETMt (Path 161 row 060) June 2002 Multi-spectral: 30_30 m
Panchromatic: 15_15m
Lands at 7ZETMt (Path 161 row 060) June 2007 Multi-spectral: 30_30 m
Panchromatic: 15_15 m
Lands at 80OLI (Path 161 row 060)  June 2013 Multi-spectral: 30_30 m
Panchromatic: 15_15m
Lands at 80OLI (Path 161 row 060)  June 2017 Multi-spectral: 30_30 m

Panchromatic: 15_15m

Police Foundation (NPF), Pakistan Council of Scientific and
Industrial Research (PCSIR) and Pakistan Institute of Med-
ical Sciences (PIMS).

2.3. Data preparation and analysis
2.3.1. Image pre-processing

Initially, the images were downloaded (Table 1), the
down loaded Landsat TM and ETM+ and OLI data for
each date were unzipped and 6 bands (excluding the ther-
mal band) were stacked to form multi-band images using
ERDAS IMANGINE software. After stacking one image
prepared for seamless mosaicking (Islamabad city) and was
classified. After that, the images were projected to UTM pro-

jection (Zone 43N, WGS 1984) and subsets were prepared.
For the clear picture of the selected area, classification was
also adopted in ARCGIS 10.1.

2.3.2. Accuracy assessment

In the study Land cover maps were analyzed on basis of
qualitative and quantitative data. Initially, each land cover
map and the resultant Landsat data were demonstrated
on-screen and visually examined. Then the qualms asso-
ciated to the land cover products 0f1993, 1997, 2002, 2007,
2013 and 2017 were measured by comparing them with the
geographical maps. The related land cover characteristics
were also extracted to these points. These sets of random
feature points, were likened with the corresponding pixels
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on the land cover products of the individual years to deter-
mine the number of classified pixels for each land cover
change classes.

2.3.3. Water quality assessment

Drinking water samples were collected from 32 sites
from different locations of Islamabad to determine the 16
Water quality parameters including physiochemical and
biological according to APHA method [25]. Water quality
index was calculated of all sites with 9 parameters (as per
availability of their assigned weight from literature) by fol-
lowing formula

WQI=3" sI, M

Classification of WQI, described by Rama krishnaiah et
al. [26] is as follow:

>50 = excellent, 50-100 = good, 100-200 = poor, 200-300 =
very poor, <300 = unsuitable

3. Results and discussion
3.1. Land cover classification

The spatial pattern of the four-major land cover types
of the capital area Islamabad in 1993, 1997, 2002, 2007,
2013 and 2017 are presented in Figs. 2-7. Table 2 shows
that area occupied by barren land in 1993, 1997, 2002, 2007,
2013 and 2017 covering about 542.90 km?, 498.89 km? and
540 km? respectively and was dominant in the perspective
years, but surpassed by built-up area 26.08 km?, 77.18 km?
and 131.85 km? respectively. Its alarming to note that veg-
etation/forest area is decreasing which was 329.77 km?in
1993, 324.66 km?in 2002 and 228 km?in 2017 which is almost
half of 1993. Water resources are a basic need and there is
simply no substitute. But water resources occupied the
least area that varied between 5 to 3 km?during this period,
Islamabad surface water in 1993, 1997, 2002, 2007, 2013
and 2017 covering about 5.29 km?, 4.23 km?, 3.31 km?, 4.05
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Fig. 2. Land cover classification map of Islamabad, 1993.

km?, 5.05 km? and 4.19 km? Fig. 2 also indicates that 1993
bare land is prominent towards western side, while vege-
tative area is distributed evenly in the whole city, whereas
the water body was only concentrated at the central area
i.e. Rawal Lake. In 2002, the bare land exceeded to south
eastern regions, retreating vegetative area. The prominent
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Fig. 3. Land cover classification map of Islamabad, 1997.
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Table 2
Land use and land cover changes
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change was observed in 2002, built-up area has signifi-
cantly expanded and resulted in decreasing the vegetation
area. In 2017, a spectacular decrease in vegetation area was
observed, retreating from 329 km? to 228 km?area, however
built-up area has increased tremendously from 26 km? to
131 km? from 1993 to 2017 (Figs. 2-7). In the study area,
bare land was distributed in the western and eastern side.
Overall, a scarce change is observed at the north where lies
Margilla Hills and is occupied by forests cover. The area is
steep with few inhabitants that’s why the area is least per-
turbed, while a great change in land cover was observed in
the plain area of Islamabad.

3.2. Land cover change detection

During analysis, the change maps were as accurate
as the product of the overall accuracies of the individual
land cover maps that produced them [27,28]. Such outputs
explain the popularity of post-classification comparison
method for change detection. It may also reduce the impact
of radiometric and atmospheric differences because the
imagery is classified independently [29,30]. Satellite imag-
ery is a valuable source for the information of land cover.
Urban land cover has been identified and mapped by means
of remote sensing data with fine spatial resolution. GIS pro-
vides the environment to analyze and visualize spatial data
with those derived from remote sensing technology, with
improvements in Spatial analyst tools and computational
facilities [31].

The magnitudes and annual average rates of change for
the land cover types are shown in Table 3 and Figs. 2-7. It
revealed that most of the land cover changes were unidi-
rectional except for the b are lands and water bodies. Veg-
etation-shrub lands, grasslands and croplands had higher
magnitudes of change compared to the build up lands, bare

LULC Types 2017 2013 2007 2002 1997 1993

Area KM? Area % Area KM? Area % Area KM? Area % Area KM? Area % Area KM? Area % Area KM? Area %
Water 4.19 0.46 4.23 0.8 4.05 047 3.31 0.37 5.05 115 5.29 0.59
Vegetation 228 2522 25792 28.51 295.76 32.81 324.66 3591 32755 36.04 329.77 36.48
Barren Land 540 59.74 53217 58.50  516.09 56.28  498.89 5518  498.61 5513 54290 60.05
Built-up 131.85 14.58 110.19 12.18 88.18 1044 7718 8.54 73.19 7.65 26.08 2.89
Total 904.04 100 904.51 100 904.08 100.00 904.05 100.00 904.4 100 904.05 100.00
Table 3
Magnitude and the annual average rates of land cover changes
LULC types A2017-1993 A2017-1997 A2017-2002 A2007-2002 A2017-2013 A2002-1993

Area KM? Area % Area KM? Area % Area KM? Area % Area KM? Area % Area KM? Area % Area KM? Area %

Water -1.10 -012  -0.86 -0.69 0.88 0.10 0.74 0.1 -0.04 -0.34 -198 -0.22
Vegetation -101.77  -11.26 —99.55 -13.79 -96.66 -10.69 -289 =31 -29.92 -329 =510 -0.56
Barren Land -2.90 -0.32  41.39 4.62 4111 4.55 17.2 11 7.83 1.24 —-44.02 -4.87
Built-up 105.77 11.70  58.66 6.93 54.67 6.05 11 19 21.66 24 51.10 5.65
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lands and water bodies during 1993-2017 (Tables 2, 3; Figs.
2-7). More specifically, the vegetation land, barren land
and water land decreased by -101.77 km* —2.90 km? and
-1.10 km? respectively, while built-up lands expanded by
105.77 km?. By using this multi-sensor and satellite data to
assess urban sprawl and the changing uses of land in Islam-
abad. It has been found that urban infrastructural growth
has not increased at the same rate as the city’s population.
Large amounts of natural vegetation have been replaced
by built-up area. Urban expansion has increased while the
area of agricultural land/vegetation has decreased in the
same period. Rapid change in vegetation, build-up and bar-
ren land can be seen in Landsat images (Figs. 2, 3, 4). Area
which was occupied by vegetation previously has now been
transformed into highways and buildings. Islamabad is set
out in a grid format, with 11 sectors, each 4 square miles,
extending southwest from the Margalla Hills. A major aim
was to reduce traffic, and having the blue area expand out
that way would prevent gridlock at a central point; a prob-
lem experienced in Rawalpindi [32]. Furthermore, it holds
major roads, like the Islamabad highway traversing the side
of the city in straight lines, would increase efficiency and
speed of transport [33].

The study results suggested that there is significant
difference in Landsat images in the years 1993, 1997, 2002,
2007, 2013 and 2017 based on area covered by different
features. Population increased in south, north south and
a little bit in west of Islamabad in 2002 and 2017. On the
other hand, vegetation cover has decreased in the whole
city except north which is covered by Margalla Hills that
is a national park where community rights including cut-
ting, pruning and logging are strictly prohibited. In the last
decade, reduction in vegetation cover has increased than
the previous decades. If deforestation and vegetation cover
reduction continue with the same trend, the city would be
devoid of vegetation rendering severe complications on the
nearby ecosystem and public health. Pakistan is already
a vegetation scarce country where the total forest area is
4.25%, whereas for a well-balanced economy, 25% of veg-
etation cover is necessary. The current rate of deforestation
in Pakistan can be very devastating for the country if no
preventive and sustainable measures were adopted. Satel-
lite data and multi spectral data were used by a researcher
[24] to assess land use change and urban sprawl in Islam-
abad. It was found from the analysis that city’s population
has increased with higher rate than urban infrastructure.
A great land of natural vegetation has been replaced by
impermeable surface. The author found an increase urban
expansion from 1972 to 2009, while vegetative area reduced
in the same time period. Based on these statistics, the Capi-
tal Development Authority (CDA) has attempted to counter
the situation by massive plantation of tress in the city.

Pakistan is a developing country with huge population
especially in urban areas, which is about to be 335 million
by 2050 and the rate of urbanization is 3.06% per year (GOP
Census Reports; Hasan and Mohib [34]. Similarly, Pakistan
facing rapid urbanization has witnessed a decrease in rural
areas population from 61.4% in 2014 to 60.1% in 2016. How-
ever, the population in urban areas increased from 38.5% in
2014 to 40% in 2016. According to statistical data, in Paki-
stan migration generally takes place for economic reasons
and movement from rural to urban areas is causing higher

population growth rate in the latter. Yet, the process of
urbanization is accompanied with social, health and envi-
ronmental issues, therefore proper planning required to
make the urbanization helpful in economic development of
the country [35]. Islamabad, a well-planned modern city is
an attractive destination for in-land immigrants due to com-
paratively advances infrastructure, and better economic
opportunities. Hence from 2005 to 2015, the total urban
population of the city increased to 73%, which is the highest
ratio compared to any other city in Pakistan [36]. According
to Government of Pakistan Census 1972, the population of
Islamabad was 237 thousand, while as per 1981 census, it
increased to 340 thousand and in 1998 census, it reached to
805 thousand which was double than before and in 2017 it
reached to 2006 thousand [37,38] (Fig. 8). All these statis-
tics showed the population rate in this city is increasing and
such huge population have impacts on the ecosystem and
un ground water resources of Islamabad ([39] Fig. 9).

Cities have experienced urbanization since 19th cen-
tury with massive transportation, developed cultural value
of living, has reformed the spatial distribution of metrop-
olises. Natural land cover has been replaced with anthro-
pogenic activates with maxima usage of materials such as
metal, concrete, and asphalt which having more negative
impacts toward environment and urbanization [40]. In
South Asia, Pakistan currently has the highest urbaniza-
tion rate, which is projected 335 million by 2050 with an
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urbanization rate of 3.06% annually. There are numerous
factors for rapid urbanization, but the population growth
and rural-urban migration are noteworthy. Decades-long
conflicts in the tribal belts of FATA and Balochistan have
also pushed millions to mega cities such as Karachi, Lahore
and to an extent Islamabad. The pressure of overpopula-
tion becomes burden on the limited resources of earth so,
the balance between present requirements of land against
future needs is essential. Land cover change deprived of
any systematic development plan and investment in infra-
structure is caused by urban growth. To avoid urban sprawl
on future, it is obligatory to monitor the city’s growth for
sustainable urban growth [41]. As a result of this economic
and demographic transformation, Islamabad conurbation
has observed a significant dynamic in social formations,
use pattern and land structures, such as the increase in
unplanned settlements. Haider reported that according to
1998 census [42], in Pakistan, about 40% of overall urban
growth was the result of internal migration. Another reason
of higher rate of urbanization in Islamabad is better health
indicators than any other in Pakistan with better access to
healthcare and education. In Pakistan, the literacy rate in
Islamabad city is the highest i.e. 86% and has the highest
school enrollment rates in the country [43]. Not only nat-
ural factors motivate the population growth in Islamabad
conurbation but also migration for the hunt for economic
opportunities, social and political conflicts in other locali-
ties and natural disasters. The twin cities, Islamabad and
Rawalpindi, provides an easy access to basic services like
social equality and economic opportunities. Both these cities
receive large-scale migrants from other rural areas around
1,063576 people by the 1998 census, having 3.46% growth
rate in its urban population. Majority of migrants are from
the areas whose rural livelihood has been disturbed by cli-
mate change and other disasters [44]. Most of the young
people opt to move towards the capital for the better edu-
cation opportunities. The people leave the rural areas and
other parts of the country to Islamabad in order to get away
from conflict and insurgencies, either between government
and insurgent or between different ethnic groups. The dev-
astating earthquake of 2005 and the 2010 flooding led to
large scale clamity-induced migration to Islamabad. Dev-
astating mostly, the twin cities receive maximum number of
migrants from Punjab and Khyber Pakhtunkhwa. Another
significant reason for high urbanization is the international
migrants from Afghanistan in huge numbers that moved
towards the twin cities as a consequence of US invasion in
2001 and Soviet invasion in 1990. In Islamabad-Rawalpindi,
the living combinations of local population and Afghan
Refugees have a complex dimension in unplanned settle-
ments. It is very challenging for the local administration to
provide their municipal necessities despite a considerable
integration into the local economy and society [43,44].

The importance of landscape change information can be
gauged from the fact that it helps geographical and ecolog-
ical basis for more sustainable land use development plans
44]. The land cover changes especially vegetation cover
lost have abundant impacts on biodiversity [46,47] water
quality [48], temperature distribution [49] and hydrologi-
cal regime [50]. Land-use changes are known to impact the
hydrology of the catchment area. However, the quantita-
tive effects of land-use changes on the groundwater system

have not been investigated so far [51]. Rapid land cover and
land use changes greatly influence water resources [52]. The
impact of land-use changes on the hydrology has been a
major hydrological research area over the last decade. The
potential for urbanization processes to have an impact on
the underlying groundwater is a function of its suscepti-
bility to the consequences of excessive abstraction. Ground
water resources are decreasing with increasing demands
for irrigation and urban utilization. There is clear evidence
that underground water use is higher average recharge in
Pakistan [53].

In order to assess the effect of urbanization and land
cover change on the ground water of Islamabad, ground
water level data was obtained from piezometers (Four pie-
zometer operated by PCRWR and data was collected by
PCRWR Islamabad office) which are installed at four dif-
ferent locations in Islamabad namely PCRWR, NFP, PCSIR
and PIMS hospital. All the piezometers were monitored
twice monthly from 2002 to 2017 in order to understand the
monthly and yearly water level fluctuation. A graph was
plotted based on the average value of ground water level
(Fig. 9). The average water level in Islamabad ranges from
5 m to 39.5 m. The figure illustrates that water table at Paki-
stan Council of Research in Water Resources (PCRWR) and
(National Police Foundation) NPF (which is mostly a resi-
dential area) was found considerably lower than Pakistan
Institute of Medical Sciences (PIMS) and Pakistan Council
of Scientific and Industrial Research (PCSIR). Apart from
PCSIR, the other three locations observed a declining trend
in the annual ground water level. Apart from PCSIR where
little ground water utilized is least due as the area is mostly
dwelled by only government’s official departments, the
water level in the remaining three locations was found to be
lowest in 2017 which reflects the pressure of increasing pop-
ulation and urbanization. Due to excessive urbanization,
the ground water level is constantly declining in the over-
all region. As a consequence of climate vulnerability and
urbanization, it is not only making the extraction of ground
water harder but also causing some irreversible negative
impacts on the whole ecosystem and human population
[54-56]. Frappart et al. [57] found the inter-annual change-
ability of rain water influence on storage of land water and
determined the association between time variation of land
water storage consistence with rainfall discloses huge var-
iances in terms of water storage, delayed time and rainfall
amount. In another study Prakash et al. [58] determined
that terrestrial water storage decreased over the time,using
remote sensing satellite data, which was not consistent with
rainfall so the major impact of this decreased was industri-
alization and over population on land water resources.

4. Water quality assessment

The water quality of 32 sites were analyzed (Supple-
mentary Table S1) to calculate the water quality index
(WQI). Out of 32 sites only one site was suitable for drink-
ing water purpose which was Pak secretariat P Block. 5 sites
were categorized in poor water quality with 100-200 WQI
value which were G9/3,G7/4,G6/1-2,G11/3 and I-10/1
Islamabad. 10 sites fall under very poor water quality and 16
came under unsuitable for drinking purpose. The location
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Table 4
WQI of selected 32 sites in Islamabad

Sr. # Sampling site WQI value Category

1 1-8/3,Islamabad 214.1305 Very Poor
2 1-9/4, Islamabad 273.0712 Very Poor
3 G-9/2, Islamabad 352.2362 Unsuitable
4 G-9/3, Islamabad 171.2166 Poor

5 Sitara Market, G-7/2, Islamabad 279.5818 Very Poor
6 G-7/4, Islamabad 116.155 Poor

7 Abpara G-6, Islamabad 420.1747 Unsuitable
8  F-6/1, Islamabad 486.1483 Unsuitable
9 G-6/1-2, Islamabad 188.5548 Poor

10 G-10/2 204.3481 Very Poor
11 G-11/2 2427827 Very Poor
12 G-11/3 112.9947 Poor

13 F-10 Markaz 483.0809 Unsuitable
14 F-10/1 522.6934 Unsuitable
15  G-10 Markaz 1054.109 Unsuitable
16 1-10 Markaz 252.3167 Unsuitable
17 1-10/1 187.7314 Poor

18 1-10/4 210.7829 Very Poor
19 19 Mangal Bazar 356.5382 Unsuitable
20 I-10/2 922.623 Unsuitable
21 1-8/1 299.2981 Very Poor
22 G-8/2 299.9476 Very Poor
23 G-8/1 590.2722 Unsuitable
24 Minister Colony 385.7925 Unsuitable
25  Pak Sectariet, P Block 21.10353 Excellent
26  Parliament House 414.0186 Unsuitable
27  Awan-e-Sadar Colony 363.6362 Unsuitable
28  Parliament Lodges 333.8299 Unsuitable
29  Masjid Noor Qadimi 321.4103 Unsuitable
30 Abpara Bazar, G-6 568.3333 Unsuitable
31 Margalla Town 206.2557 Very Poor
32 1-10/2, Chambeli Road 213.2237 Very Poor

and value of WQI has been given in Table 4. This indicated
that water quality deteriorated with population expansion.
Al-Mutairi et al. [59] determined the WQI of surface water
and found that 31.9% were classified as excellent and this
percentage was decreased to 1.5% on next year due to con-
tamination. Alobaidy et al. [60] also found that with pas-
sage of time WQI abruptly decreased to poor WQI due to
anthropogenic activities and population expansion. So, the
water quality of Islamabad also declined due to urbaniza-
tion within 20 years which ultimately put the bad impacts
on residence health as well as on ecosystem.

5. Conclusion

The major land cover types comprise of grasslands,
built-up lands, bare lands and water bodies were analyzed
in the year 1993, 1997, 2002, 2007, 2013 and 2017 in the cap-

ital city of Pakistan, Islamabad. Partitioning, hybrid classi-
fication and spatial reclassification technique used for the
discrimination of these land cover types on Landsat imag-
ery thus provides a promising alternative for classifica-
tion of this city. Within 25-year period, notable land cover
transformations were detected. The gross loss was highest
built-up and barren land has taken its place due to increase
rate of urbanization. Noticeably, the spatial scale of human
activities widened with time. The main hot spots of these
land cover changes occurred in all directions, at different
times with the requirement of new houses, roads and com-
mercial places. This rapid urbanization also has impacts on
the ground water which is decreasing by increasing rate of
its use and by anthropogenic activities which badly impact
on its quality as well. This study recommends that sustain-
ability of ecosystem should be considered with increasing
rate of urbanization, as it resulted in declining of flora and
fauna and precious water resource. Proper management
should be taken for the sustainability of limited under-
ground water. This study would provide a base for research
related to urbanization and land change impacts informa-
tion for policy formulation.
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