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Abstract

This paper presenting land use and land cover changes in the Khyber Pakhtunkhwa city of Peshawar, Pakistan,
this study is the first to use satellite remote sensing data to examine the 17 years land cover changes in the city of
Peshawar between 1999 and 2016. Particularly, it employed maximum likelihood classification algorithm to classify
Landsat 7 ETM+, and Landsat 8, OLI data collected from 1999 and 2016 and then detected changes in the land cover
in the study area, it then measure urban sprawl by applying raster Boolean techniques to extract the urban area, Then
compute the changes between the two composite classified images of 1999 and 2016. A scatterplots and histograms
techniques is employed to evaluating training samples in confirming the degree of spectral separation acceptability of
the bands used for each of the land use and land cover (LULC) classes conversion analysis in Environmental Systems
Research Institute ESRI;s Arc Map was applied. Some post classification filters techniques is used to remove the small
noise objects. The classification results over the two periods depicted that built up land increased in term of percentages
26.59% between 1999 and 2016. While rapid decreased is found in agricultural land 23.56%, barren land 3.30%. Water
body is increased 0.27%. Similarly the built up land is increased 24.55 ha, whilst agricultural land is decreased 21.74
ha, barren land 3.04 ha, water body is increased 0.25 ha between 1999 and 2016. Our findings depict some of the
significant changes in the land use and land cover patterns are analyzed in the city of Peshawar. The experimental
results showed that major changes are observed in the built up area which rapidly increased at 26.59%, however the
substantial decreased is found in the agricultural land, barren land in 1999 and 2016. Future studies should examine the
entire district of Peshawar the current challenges faced by the city’s resident due to urban growth and attempt to find

ways to resolve them in the future.
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Introduction

Geographical information systems (GIS) and remote sensing
application in land and natural resources management is widely used
globally. Land use and land cover changes as one of the main force
of global environmental changes, and for sustainable development.
Current technologies such as geographical information systems
(GIS) and remote sensing provide a cost effective and accurate
alternative to understand the dynamics of landscape. Digital image
base detection of LULC based on multi-temporal and multi- spectral
remotely sensed data have depicted a great potential to understanding
landscape dynamics to detect, identify map and monitor differences in
LULC pattern over time. Land use and land cover changes detection
is important landscape dynamic for a specific period of time having
sustainable management. The land use and land cover (LULC) changes
have significant application in environmental management and for
planning of peri-urban area [1-8].

Urbanization can be defined as the fraction of peoples lived in urban
circles of any country later on converted to settlement, which constitute
over 5000 person or more, covered with specific criteria includes civic
facilities, socioeconomic base and access of basic infrastructure in
Pakistan’s point a view. The growth rate of urban area is higher than
rural fringe characterized by rural to urban migration due to the lack
of rural basic infrastructure and rapid growth of Population [9]. In
term of population Peshawar is the major city of Khyber Paktunkhwa
(KPK). According to the census report of 1961, Peshawar share 29%
of the total urban population of KPK, and hence was representative of

the old city. In addition to the 1998 census calculation 33% population
found and share of the total urban population. This mass increase in
population found the migrants from Afghanistan where life and living
situation were not friendly. Peshawar, sharing the social and cultural
values, located closer to the border of Afghanistan proved to be the
best option to live without any favoritism. Therefore, Peshawar is
more vulnerable to urban sprawl. This situation is a challenging task
to provide and supplying of quality foods, educational facilities, health,
housing and enough infrastructures to the common people. Urban
sprawl will affected the environment and climate of the city and lead
to poor sanitation, industrial connections, emission of CO, and other
gasses to the air. Transportation is the main contributing source of
greenhouse gases (GHG) and consequently climate change occurs. Due
to the GHGs the amount of carbon dioxide (CO,) is increased in air
as a result the average world temperature about 1.4-5.8 degree Celsius
[10,11]. The application of remote sensing and GIS play important role
in land use and land cover assessments of land suitability and capability
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particularly for agricultural, land cover change analysis, change
detection and post classification techniques, spatiotemporal analysis
of urban sprawl and its contribution to climate and environment,
detection of land use/land cover changes, urban sprawl and analysis of
multi-temporal remote sensing data [12-16].

Urban encroachment and land use/land cover changes growing
very fast particularly cities in the developing countries has drawn
significant attention from urban and regional planner. Increasing
population growth and density is the major factor causing LULC
changes and urban sprawl [17-20]. Urban population growth demands
is urban facilities, construction of residential area, commercial, public
utility and road network infrastructures. Consequently, Agricultural,
forest, farmlands, barren land, is causing LULC changes and urban
sprawl. Urban sprawl has it threshold limits. A city ramming uniform
and vulnerable to change while, fast unplanned urban sprawl exceeding
its maximum threshold limit creates chaos and deteriorates the quality
of city transportation and public utility services. Therefore, it need well
planned urban sprawl is essential to build a socially, economically and
environmentally friendly sustainable society [21].

Population growth and urban sprawl pointed regional economic
growth. However, human caused deforestation and changes of natural
landscape to construct high-rise buildings, water supplies, sewage and
transportation works put negative impacts on land and soil, biodiversity,
vegetation, noise level, air and water qualities, and contributes to an
environmental degradation both inside a city and in its surrounding [22-
26]. In addition, the occurrences of flood and natural hazards are due to
the major construction works transform cities into impervious surface
in which the formation of heat island contribute climate changes [1,26-
31]. Urban sprawl also increase land values, cost of living, economic,
and social stratification [6,31]. In order to cope these negative impact
of urban sprawl and for planning a city future expansion, government
official, urban planner and policy maker need careful attention of its
current LULC pattern and their Spatiotemporal changes. Urban sprawl
is occurring within the city respect to population growth and economic
development [4,32]. The LULC change requires an analysis of a large
amount of spatiotemporal data that were traditionally collected
through field surveys. From the last few decades, with the advent of
remote sensing technologies, particularly due to their low prices, large
spatial coverage’s repetitive observations, and efficient data-processing
capabilities, has promoted urban researcher and city planner to use
remote sensing data to monitor the spatiotemporal LULC changes
and urban sprawl [2,4,5,27,33-38]. The method of identification of
LULC changes using remote sensing data fall into pre-classification
and post calcifications [39]. The pre-classification method process a set
of multi-temporal remote sensing images to create maps identifying
area of changes or no-changes in LULC without classifying the nature
of changes [29,32,39-41]. In contrast, the post-classification method
compare two classified temporal remotely sensed images to produce
maps to that would depict changes within and between LULC classes
over time. Therefore, it helps researcher and planner to detect the
nature and direction of LULC changes and urban sprawl surrounding
the cities [39,42-44]. The mass migration from rural to urban area,
the rapid growth creating challenging problems such as crowding and
land use dispute for the residents and for the urban and city planning
and management system of the urban area. In addition, the outcomes
from agricultural area will be reduced, unplanned housing areas, costly
arable land, and developer’s assumption about land cost, adulteration

of public’s atmosphere [8,45,46].

This paper analyzes the LULC changes and urban sprawl in the
city of Peshawar using remote sensing Landsat’s data for the years
1999, and 2016. The objective is to classify LULC classes in two years
changes detection that occurred in each LULC classes and calculate
and monitoring the urban sprawl change detections and response to
the population growth in the city of Peshawar over the last seventeen
17 years. Section 4 describes the material and method used in the study
area, whilst results and discussions are presenting in section 5 and 6.
Finally, Section 7 describes conclusion and future research direction.

Materials and Methods
Study area

Peshawar is the heart and capital city of Khyber Pakhtunkhwa
Pakistan and carrying multicultural denizen of the province.
Historically, Peshawar city is beautiful and important hub economically,
politically and military for the province and Pakistan. Peshawar city is
bounded to the west, the Federally Administered Tribal area (FATA),
and Mohmand Agency is located at its North. Similarly, district Kohat
is at its Southern side. Charsadda and Nowshera are linked it North
and North-East respectively. However, Afghan boundary is 40 Km
away from West of Peshawar city. Geographically Peshawar city is
located at 34.025917 North Latitude; 71.560135 East Longitude. It is
spatially extended to 1257 square kilometer [10]. Figure 1 shows
geographical location map of the study area.

Landsat images pre-processing

Two separated free from atmosphere Landsat 7 ETM+ and Landsat
8 OLI data from 1999 and 2016 covering the study area were acquired
freely from the US Geological Survey’s (USGS) Earth explorer website
(http://earthexplorer.usgs.gov). Due to the free availability and
affordability of high resolution Landsat scenes were chooses for this
study. Table 1 depicts detail about the data. The data for this study
is already pre-processed by USGS and provided level-one terrain-
corrected (LIT) Landsat data in WGS84 geodetic datum, Universal
transverse Mercator Map projection (UTM, Zone 42N), due to the
LIT nature of the data the geometric and radiometric distortion were
already corrected before delivery [3,16,26].

Method

The supervised maximum likelihood classification method is used
to classify the Landsat images from 1999 and 2016 into four LULC
classes. Such as built up area,agricultural land and water body. The
MLC provide excellent result in both Landsat images. However, the
land use and land cover classes signatures are further analyzed using
the scatter plot and histogram techniques to separabality of the bands
used in the LULC classes. Figure 2 show flow chart of the proposed
method, in which two years data is selected for experiment such as
Landsat 7, 1999 and Landsat 8, 2016. Firstly the study area is cropped
and creates signatures for LULC classes. Scatterplot and histogram is
performed to evaluate the training samples of LULC [47,48]. Secondly
supervised MLC is employed to classify the two images and Boolean
techniques were performed to extract the urban area from both images
and calculate the statistics of LULC classes. Some post-calcification
techniques are used to purified all the LULC classified image and
remove the noise, the filter which are used in this paper are the majority
filter 3 x 3 neighborhood relationship. Finally, raster calculator is used
to calculate the statistic of LULC in both in term of percentage and hectare.
The entire processes are performed in the ESRI software Arc GIS 10.3.
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Figure 1: Geographical location of the study area.

‘_

}

LULC Scatterplot and
Histogram Techniques

Supervised Classification

Maximum Likelihood

A4

Extraction of Urban Area
Using Boolean Techniques

Post-Classification

Majority Filter 3x3
Window

A 4

Statistical Calculation of
LULC Classified Area in
Percentages and Hectare

Final Result of LULC from
1999 to 2016 Images

Figure 2: Flow chart of the proposed method.

Results

Creation and evaluating of training samples signatures
between 1999 and 2016 images

To analyze the signatures of LULC using scatterplot and histogram
techniques for the bands 1-5 is selected for details study from images
of 1999 and 2016. The spectral signature of LULC as, built up area red,
agricultural green, barren land is topaz sandy color and water body is
presented in blue color. The signatures of LULC scatterplot (Figure
3) from the 1999 image yielded better results of bands separability
and to explore the spectral characteristics of different classes™ areas
an excellent manner. It depicts that majority of the land use and land
cover classes reasonably separated. Particularly in bands 1-2, 1-3, the
entire land use classes the agricultural land is separated well in all
bands. However, Figure 4 show the outputs histogram from the 1999
image depicts best evaluating of training samples to separation between
the classes especially, in band 1 and 2, the built up area yielded best
results. While in the band 3 and 5 the agricultural land has high spectral
and separation results. Water body shows best separation in bands 4
and 5, the barren land in band 4 have high spectral values in 1999 image
histogram result.

Separabality in the 2016 (Figure 5) image signatures indicated
best minimum separabality in all classes of land use and land cover
from reasonably separated to moderately separate. Particularly in
the 1 and 5, all the land use classes are separated well. However
in the 1, 2 and 1, 3 is low separation results, while in bands 1 and
4 is much better separation then 1,2 and 1,3 in land use and land
cover classes. The result of histogram techniques in Figure 6 from
image signature of 2016 is not better result as to compare with the
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Figure 3: LULC signatures and scatterplot techniques depict different bands from 1999 image.
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Figure 4: LULC signatures and histogram techniques depict different bands from 1999 image.

J Remote Sensing & GIS, an open access journal
Volume 5 « Issue 4 « 1000174
ISSN: 2469-4134



Citation: Razig A, Xu A, Li Y, Zhao Q (2016) Monitoring of Land Use/Land Cover Changes and Urban Sprawl in Peshawar City in Khyber Pakhtunkhwa:
An Application of Geo-Information Techniques Using of Multi-Temporal Satellite Data. J Remote Sensing & GIS 5: 174. doi: 10.4172/2469-
4134.1000174

Page 5 of 1

# Ll
17 000 18,000 :
—_— 17,000 - -
L +*
! % - 16,000 ..f* ¢
15,000 o 15,000 *
[} o
EI 14,000 EI 14,000
E 13,000 & 13000
12,000 B e—— . e
s ~ i 11,000 5
! o 10,000 |- ®
10,000 | 9,000 L
11,000 12,000 13,000 14000 15000 16,000 47,000 11,000 12,000 13000 14000 15000 16000 17,000
Band_1 Band_1
20,000
; S 4 22,000 i
18,000 L . 9
i i 20,000 |- :
16,000
- o 18,000 o
E 14,000 E 16,000
m m
12,000 A 000 | g -
10,000 12,000 -
5,000 L
11,000 12000 13,000 14,000 15000 46000 17,000 11,000 12,000 13,000 14000 15000 46000 17,000
Band_1 Band_1
Figure 5: LULC signatures and scatterplot techniques depict different bands from 2016 image.
60
55 50
50 45
45 40
40 35
5 e
835 Sozs
a 20
15 | 15
10 10 i
5
2 H. : X .
0 10000 20000 30000 40000 50000 60000 0 10000 20000 30000 40000 50000 50000
Band_1 Band_2
40 50
- 55
50
30 as
25 40
= = 35
220 2 30
o (=]
15 25
20
10 15
10 H
: !L : L
a | a b |
0 10000 20000 30000 40000 50000 50000 0 10000 20000 30000 40000 50000 50000
Band_3 Band_4
55
50
45
40
35
E 30
o 25
20
15
10 f
5
i | I ﬂwah
0 10000 20000 30000 40000 50000 £0000
Band_5
Figure 6: LULC signatures and histogram techniques depict different bands from 2016 image.

J Remote Sensing & GIS, an open access journal
ISSN: 2469-4134

Volume 5 « Issue 4 « 1000174




Citation: Razig A, Xu A, Li Y, Zhao Q (2016) Monitoring of Land Use/Land Cover Changes and Urban Sprawl in Peshawar City in Khyber Pakhtunkhwa:
An Application of Geo-Information Techniques Using of Multi-Temporal Satellite Data. J Remote Sensing & GIS 5: 174. doi: 10.4172/2469-

4134.1000174

Page 6 of 11

result of 1999 image histogram signature of land use and land cover
classes. In 2016 image of Figure 6 the signatures of histogram shows
water body excellently separated in all five bands. Built up area is
separated fairly, however, the barren land and agriculture area is
not separated perfectly [49-51].

Classification of land use and land cover images analysis

The classification of land use and land cover images analyses were
conducted from the 1999 Landsat 7and 2016 Landsat 8 OLI images using
the maximum likelihood classification algorithm. The selected study
area is cropped from the Landsat images and created three hundred
eighteen signatures to classify the images into four LULC classes,
such as built up area, agricultural land, barren land and water body.
The signature is further analyzed to create a scatterplot and histogram
techniques to observe the characteristic of each bands separabality of
LULC classes. Boolean techniques are applied to extract the built up
area from both LULC classified images of 1999 and 2016, and compare
the result and overlays each other’s. Increase of urban sprawl is clearly
observed in the past seventeen years. Majority filters are used to purify

the classified images by applying 3 x 3 neighborhood relationship.
Statistical techniques are applied to calculate the LULC area in terms of
percentages and hectare and make graphical presentation by bar graph.

Analysis of LULC classes for the year of 1999 Landsat image:
The land use and land cover classification results using the maximum
likelihood classification method for the two time periods within
the study area are given in Figures 7 and 8, while the urban sprawl
classification results are given in Figures 9 and 10. For both of the
images four classes are selected to classify the Landsat 7, 1999 and
Landsat 8 OLI images to produce accurate results. The statistics for each
land cover class from the 1999 Landsat 7 images are shown in Table 2.
However, the maximum likelihood classifications output of 1999 image
are given in Figure 7. According to the statistics calculation of 1999
images classification result the built up area in term of percentages is
44.80%, agricultural land is 46.34%, barren land 8.58% and water body
are 0.26%. Whilst, in term of hectare the built up area 41.3644 ha,
agricultural land 42.7808 ha, barren land 7.9299 ha and water body is
0.2406 ha. A very small change is observed in the classification results

Figure 7: LULC Map for the year of 1999 Landsat ETM+ image.
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Table 2: Land use and land cover area of classified image from 1999.

of 1999 image between the agricultural lands and built up area both are
calculated in term of percentages 1.53 (%) and 1.41 hectare (ha).

Analysis of LULC classes for the year of 2016 Landsat image:

Result from the classified image from 2016 Landsat 8 OLI in Figure 8
shows rapid increase in the built up area. According, to the statistics
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Figure 8: LULC map for the year of 2016 Landsat 8 OLI image.
1 Sensor Path/Row Spatial Resolution Cloud (%) Number of Bands Format
25 October 1999 Landsat 7 ETM+ 151/36 30 0 7 Geo TIFF
09 June 2016 Landsat 8 OLI 151/36 30 0 11 Geo TIFF
Table 1: Detail of the Landsat datasets used in the study area.
Land use Classes Hectare (ha) Percentage (%) calculation in Table 3, the built up area is 71.39%, and agricultural
Built Up Area 41.3644 44.807546 land 22.78%, barren land 5.28%, and water body 0.53% is detected.
Agricultural Land 42.7808 46.341847 While, the land use and land cover classes area statistics are calculated
Barren Land 7.9299 8.58998 in hectare in Table 3 shows that similarly, in term of hectare the built
Water Body 0.2406 0.260627 up area is increased 65.9168 ha, agricultural land 21.0321 ha, barren
Total Area 92.3157 100 land 4.8805 ha and water body 0.4921 ha. It has been observed that

rapid increase is occurs in built up area however, some major decrease
is discovered in the agricultural land and barren land. The changes and
difference between built up area and agricultural land in Table 3 are
study 48.61%. While the area in hectare is 44.8847 ha is found.

Change detection between 1999 and 2016 Landsat images: The
overall changes detection comparison from 1999 Landsat 7 ETM+
and 2016 Landsat 8 OLI images result are given as a classified image
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Figure 9: Bar graph depicts changes trend of LULC between 1999 to 2016.

Land use Classes Hectare (ha) Percentage (%)

Built Up Area 65.9168 71.399187
Agricultural Land 21.0321 22.781367
Barren Land 4.8805 5.286418
Water Body 0.4921 0.533029
Total Area 92.3215 100

Table 3: Land use and land cover area of classified image from 2016.

Land use Classes Hectare (ha) Percentage (%)

Built Up Area 24.5524 26.591641
Agricultural Land 21.7487 23.56048
Barren Land 3.0494 3.303562
Water Body 0.2515 0.272402
Total Changes 49.602 53.728085

Table 4: Land use and land cover changes detection trend from 1999 and 2016.

in Figure 9. Statistical calculations are employed to obtain the changes
result from the two already classified images of 1999 and 2016. In Table
4 the land use and land cover area changes are given in percentages and
hectare, in which abrupt changes are observed in all LULC, particularly
the built up area received major changes between 1999 and 2016 period
is 26.59%, agricultural land is 23.56%, barren land 3.30% and the water
body is 0.27%. The total fluctuating is found between these two periods
is 53.72% in all classes. Similarly in term of hectare built up area received
major changes 24.5524 ha, agricultural land is 21.7487 ha, barren land
is 3.0494 ha, and water body is 0.2515 ha. According, to the statistics
calculations all land use and land cover classes area is change 49.602
ha. In order to summarize the LULC changes in the past seventeen
years images form 1999 and 2016 the built up area increased rapidly
due to the local population growth and from the surrounding rural area
conversion to urban and the migrant of Afghanistan to Peshawar city
affect the urban sprawl and built up area. However, the agricultural
land and barren land are converted into built up area in rapid increased
is observed in urban sprawl from the last seventeen years.

Urban sprawl and extraction of urban area from 1999 and 2016
images: Urban sprawl from the classified images of 1999 Landsat 7
ETM and 2016 Landsat OLI shows significant changes and comparisons
are depicting in Figure 10. Our experimental results yielded 44.80%
of the urban area from 1999 Landsat image, While, rapid increased
is observed in the 2016 Landsat 8 classified image 71.39%, The total
changes increased in urban area are occurred between 1999 and 2016
are 26.59%. However, urban area in term of hectare from 1999 image
41.3644 ha, and 2016 image, 65.9168 ha urban area is observed which
demonstrate rapid growths in urban area (Table 5). The total changes
differences are calculated between 1999 and 2016 in hectare 24.5524 ha.

Figure 11 bar graph shows graphical representations of LULC urban
sprawl between 1999 and 2016 in efficient way.

Discussion

Experiments are conducted using the Landsat images for the
years 1999 and 2016, this study identified built up area, agricultural
land, barren land and water body as four major LULC classes that
have provided a substantial change in the city of Peshawar Khyber
Pakhtunkhwa Pakistan. However, rapid urban sprawl is observed due
to the population growth and the infrastructure facilities in the city,
for instance, education and health facilities etc. it has been observed
in the LULC classification that major parts of the agricultural land
and barren land are converted into urban area. Supervised MLC
methodology is used to classify the Landsat images of LULC yielded
high level of accuracy of all four classes with the selection of minimum
spectral signatures. Three hundred eighteen spectral signatures are
created for both images of Landsat from 1999 and 2016. Spectral
signatures of all the four classes are also analyzed using scatterplot
and histogram techniques and employed to bands separability and to
explore the spectral characteristics of different LULC classes’. Some
post classification majority filter techniques was used in the experiment
with 3 x 3 neighborhood of kernel window to extract the desire result.

Two major finding are study in this research first of all MLC are
accurately classified the Landsat images from 1999 and 2016 into four
classes, the agricultural land and barren land are mostly converted into
built up area rapidly. Secondly the urban sprawl expansion is analyzed
in seventeen years period between the Landsat images of 1999 and 2016,
the experiment depicts that important LULC classes and speedy urban
sprawl is notable in the city of Peshawar. Therefore careful demanding
is needed during construction. With the passage of time the urban
sprawl has developed in size, from the center of the city urbanization
is grown fast while, in the periphery as little slow growth. Such a rapid
increase of urbanization modified the natural landscape and affected
the water drainage system of the city which leads to become a flood
when rain is occurs. Urbanization deteriorated water sewerage system,
Transportation system in the study area as the evidences of traffic
congestions particularly in the center of Peshawar City.

Conclusions

This paper has taken significant concern in analyzing and
understanding the LULC changes and urban sprawl in the city of
Peshawar Khyber Pakhtunkhwa Pakistan using multi-temporal
Landsat data. Using the Landsat images of 1999 and 2016, the study has
classified LULC classes of the city of Peshawar by applying maximum
likelihood classification (MLC) techniques and algorithm. The MLC
presented good result in both years of multi-temporal satellite images.
The MLC detected the LULC changes from the last seventeen years
periods and observed substantial increase in the built up area due to
which most of the agricultural land and barren land are conversion
indicating major urban sprawl in the Period of 1999 and 2016. The
classification results over the two periods depicted that built up land
increased in term of percentages 26.59% between 1999 to 2016. While
rapid decreased is found in agricultural land 23.56%, barren land 3.30%.

Years Hectare (Ha) Percentage (%)

1999 41.3644 44.807546

2016 65.9168 71.399187
Total changes 24,5524 26.591641

Table 5: Urban sprawl changes trend from 1999 to 2016.
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Figure 10: Urban sprawl change map for the years of 1999 to 2016 images.

Figure 11: Bar graph depicts urban sprawl changes trend of LULC between
1999 and 2016.

Water body is increased 0.27%. Similarly the built up land is increased
24.55 ha, whilst agricultural land is decreased 21.74 ha, barren land 3.04
ha, water body is increased 0.25 ha between 1999 and 2016. Some of the
significant changes in the land use and land cover patterns are analyzed
in the city of Peshawar. Major changes are observed in the built up area
which rapidly increased at 26.59%, however the substantial decreased is
found in the agricultural land, barren land in 1999 to 2016.

Increasing of population growth and infrastructures were two
major factors which bringing rapid urban sprawl. At the center of
the city compact urban development and its immediate locality, the
development of urban is scattered in the city fringe and well dense
in the city center and the city periphery describes the urban sprawl
pattern in the city. Spectral signatures of all the four classes are also
analyzed using scatterplot and histogram techniques are employed to
bands separability and to explore the spectral characteristics of different
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LULC classes’ as excellent result. The study observed significant
changes in land use and land cover pattern in the city of Peshawar.
The study results have good methodological and practical applications;
future research will be conducted on the entire city of Peshawar and
to research on the environmental, socio-ecological characteristics
of urban sprawl. This future research would help for urban planning
and the growth of an environmentally capable city in the Khyber
Pakhtunkhwa Pakistan.
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