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Abstract: Rapid urbanization in Pakistan is triggering regulated and unregulated land cover changes
in planned and semiplanned urban areas. The key objective of this study is to assess the spatial–
temporal fluctuations in the land use/land cover (LULC) transformations in planned (Islamabad)
and semiplanned (Rawalpindi) urban areas over the last forty years (1976–2016). The study focuses
on the orientation of LULC modifications and analyzes concomitant impacts on urban environmental
sustainability. Therefore, remotely sensed data were retrieved and processed through Google Earth
Engine (GEE) by applying supervised classifier algorithms on each of the five chosen Landsat images.
The trajectory of LULC changes for each of the four periods 1976–1988, 1988–1995, 1995–2006 and
2006–2016 was critically scrutinized. The observations revealed massive physical expansions and
LULC convergences during these timeframes. The proportionate share of built-up surfaces in this
contextual setting substantially stretched from 0.83% in 1976 to 23.23% in 2016, while the shares of
cropland and shrubberies significantly reduced. The orientation and magnitude of such changes
were observed asymmetrically in the adjoining urban settlements. The assessments formulate that
availability of land for urban growth, urban planning and regulatory control significantly determines
the speed, scale and orientation of urbanization in planned and semiplanned areas. The study
substantiates the notions that the efficient use of cost-effective remotely sensed data offers a pragmatic
and reliable tool for assessing, evaluating and monitoring urban land resources. The inferences and
insights are relevant for urban and regional planners as well as for other scientific communities.

Keywords: environmental sustainability; land cover; hyperactive urbanization; remote sensing;
geographic information system
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1. Introduction

Land use/land cover (LULC) changes influence the structure, functioning and ca-
pacities of natural ecosystems [1–4]. The resultant modifications in land cover produce
indelible imprints on the natural and social environments at the local level [2,5]. Therefore,
assessments based upon land cover transformations are incumbent to adjust the orientation
of human interventions in the terrestrial environment [5].

The process of LULC modifications started when human beings tried to regulate their
environment [6]. The associated sociocultural transformations, such as population growth,
societal organization and increased focus on provisioning for survival, gave rise to the
phenomenon of permanent settlement. Subsequent growth and sprawl in these settlements
triggered LULC changes [7]. The ensuing land cover transformations are exerting pressures
on the ecological balance [8,9] and proving stressful for the natural and social environments.

The consequential impacts of urbanization are more apparent in developing coun-
tries [10,11]. The process of urbanization is escalating in the South Asian region [12]. The
pace and scale of urbanization in Pakistan has also gained momentum [13]. The process is
rooted in natural population growth [14] and rural-to-urban migration in this country [15].
Migration from rural to urban areas in Pakistan is attributable to the peculiar historic [16,17],
social [18], economic [19], environmental [20] and geostrategic dynamics of this region.
However, urbanization in Pakistan [21] is skewed towards large urban settlements [22].
The inclinations are embedded in urbancentric economic growth, industrialization and
enhanced focus on infrastructural developments in big urban areas [2,9]. Consequently, the
inflow of migrants is straining the land and environmental resources in such contextual
settings [23,24].

The accompanying demands for land resources are exerting pressures for planned/
unplanned urban expansion and concomitant modifications in land cover of urban areas.
The ensuing imprints are visible in the form of uncontrolled urban sprawl and vertical
growth in the city structures. Therefore, the keenness for assessing LULC changes in urban
areas is gathering momentum. This scenario entails identification of the factors responsible
for such intended and unintended LULC transformations. It also requires the evaluation of
the speed, scale and orientations of such transformations in the urban areas. To attain this
purpose, precision in measurement is obligatory for realistic inferences [25]. Contemporary
advances in remote sensing (RS) and Geographic Information System (GIS) offer reliable
tools for illustrating and spotting spatial–temporal transformations in the LULC [25,26].
Moreover, the digital archives of remotely sensed data also allow the quantification of
such changes in the LULC [27]. These assessments are incumbent for rational policy
making to mitigate the impacts of urbanization [26,28] through land use planning and
assessment [27,29]. The regulatory interventions based on quantitative assessments would
further ensure the sustainable use of urban environmental resources [30,31].

The current investigation focuses on the LULC changes in Islamabad and Rawalpindi.
These adjoining urban centers are called twin cities. However, their distinctive policy,
planning and management frameworks concerning land resources are inherently different
from each other. The study area thus offers an appropriate contextual setting, namely, both
planned and semiplanned urban structures, for deciphering the impacts of urbanization on
the LULC transformations in Pakistan.

To this end, similar investigations were carried out by Hassan et al. [32] and Butt
et al. [33] in this area. Whereas the former study focuses on the LULC changes in Islamabad,
the latter tries to comprehend the impacts of such transformations on the water reservoir of
Simly dam (Islamabad). The proposed study is different from the above-mentioned research,
as it simultaneously assesses LULC modifications in both Islamabad and Rawalpindi. The
comparative assessment is vitally required but not available in the context of this [24]. In
addition, the study carried out by [34] is quite relevant. However, it only focuses on recent
LULC changes (2017–2019) in Islamabad. Contrary to this, the proposed study takes into
account long-term temporal data (1976–2016) for assessments.



Sustainability 2022, 14, 2810 3 of 19

The findings of the study authenticate the notion that urban centers in the developing
world are witnessing massive physical expansions and LULC convergences. It transpires
that the built-up surfaces are stretching at the cost of blue-green infrastructures in urban
areas. The orientations and magnitude of these transformations are analyzed, and a marked
lack of symmetry is observed in the planned and semiplanned urban centers. This study
formulates that urban planning, societal pressures and integrated regulatory oversight
symptomatically determine urban environmental sustainability. The study also authenti-
cates the robustness of remotely sensed data as a cost-effective and reliable mechanism for
ensuring integrated management of urban land resources.

The specific objectives of this study are primarily to compare the impacts of urbaniza-
tion on the LULC changes in the study area from 1976 to 2016 and to quantify the orienta-
tions of changes in the selected LULC categories for a similar time period (1976–2016).

The subsequent section deals with the methodological framework of this study. The
critical findings are condensed and portrayed Section 3 which is exclusively concerned
with results. In Section 4, the plausible causations and resultant ramifications of observed
findings are discussed. The conclusions are drawn in the last section.

2. Methods
2.1. The Study Area

The current investigation was carried out in the urban and suburban areas of the
twin cities, namely, Islamabad and Rawalpindi. The study area stretches from 72◦49′′ E to
73◦17′′ E and from 33◦26′′ N to 33◦45′′ N (Figure 1). It is located in the southern foothill
areas of the Himalayan ranges. This dissected and undulating land surface constitutes the
northwestern fringes of the Potohar Plateau. The average elevation of Islamabad from sea
level is higher compared to that of Rawalpindi [35].
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The climate of this geographical region is significantly influenced by the prevailing
monsoon and western depressions [36]. Köppen et al. [37] classified this area in the
temperate climatic zone with dry winters and hot summers (CWa). It receives maximum
precipitation due to summer monsoon winds [38], while the western depressions in the
winter also cause sufficient precipitation for the rain-fed vegetation growth [39]. The
findings (Figure 2) succinctly portray the average monthly oscillations in temperature and
precipitation.
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The planned development of Islamabad started in 1959 [40]. It was premeditated to
serve as the new capital of Pakistan [23,24], while the older city of Rawalpindi [41] is a
semiplanned urban settlement [23,24] and serves as the central place for the adjoining areas.
Economic, social and geostrategic factors stimulated rural-to-urban area migration in this
region. As a result, the human population in these urban settlements has rapidly increased
in previous years (Appendix A).

2.2. Data Acquisition and Assessment Approach

The data for assessing spatial–temporal conversions in the LULC were retrieved
through the Google Earth Engine (GEE). The GEE is a cloud-computing platform that offers
high-resolution aerial imagery without financial costs. In addition to this, the working
environment in the GEE also facilitates classification and ensures validation. Therefore,
the technique was deployed and assessments were made by improvising codes in the GEE
platform (Google Earth Engine, 2012. URL: https://earthengine.google.com; Accessed on 1 May
2016) [42]. The evaluations pertaining to LULC changes were formulated by deploying
supervised classifier algorithms on each of the five (05) chosen Landsat images, which
covered a period of forty years (1976–2016).

The limitations of field data hinder LULC classifications based on archived images
through training and validation sampling techniques [43]. However, a context-based selec-
tion of LULC classes, in conjunction with a sizeable sample, yields meaningful and reliable
assessments [44]. Thus, the most recent image was relied upon for LULC stratification.

https://en.climate-data.org
https://en.climate-data.org
https://earthengine.google.com
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For this purpose, 500 observations were made through field survey. In the next stage, the
stratified random sampling approach was deployed to determine the number of samples
for each of the selected classes from different time spans [45,46]. Subsequently, band combi-
nations and image normalization techniques were applied for estimating the chronology of
transformations in the observed LULC categories [47].

The salient characteristics of the images relied upon for the assessments have been
condensed (Table 1). The images were accessed on 01-05-16, and bands 1, 2, 3, 4, 5 and 7
were adjudged related to the study. WRS-1 161-37 path/rows and WRS-2 150/37 covered
the whole study area. Noises in the satellite images caused distortions, thus leading
to misrepresentations of the findings. These anomalies were erased according to the
Landsat 8 quality assessment band criteria [48,49]. The corrections were weighed at four
levels, namely, “not determined” (algorithm did not regulate the status of this condition),
“no” (0–33% confidence level), “maybe” (34–66% confidence level) and “yes” (67–100%
confidence level). This process was performed to ensure the precision and accuracy of the
findings.

Table 1. Characteristics and references of satellite images used.

Year Satellite Sensor Spatial
Resolution AQ Data

Worldwide
Reference System

(WAR)
Source

1976 Landsat 2 MSS 60 m × 60 m 1976-10-19 WRS 1: 161/37
USGS imagery

access through the
GEE platform

1988 Landsat 5 TM 30 m × 30 m 1988-05-04 WRS 2: 150/37
1995 Landsat 5 TM 30 m × 30 m 1995-11-16 WRS 2: 150/37
2005 Landsat 7 ETM+ 30 m × 30 m 2005-09-16 WRS 2: 150/37
2016 Landsat 7 ETM+ 30 m × 30 m 2016-05-01 WRS 2: 150/37

2.3. Extraction of LULC Classes

The satellite images were classified by deploying the classification and regression tree
(CART)-based mechanism. The CART is a nonparametric machine-learning classifier [50].
The reliance on remotely sensed images for LULC mapping through machine-learning-
based algorithms is gaining recognition [51]. It is a fast-performing, robust technique [52]
that provides highly accurate LULC classification by using images collected through remote
sensing [53]. Thus, the CART classifier was deployed for extracting features and mapping.

The level 1 classification of this scheme was implemented for assessing LULC changes
(Table 2). For this purpose, field observations from 500 sampling sites were made with
the support of Global Positioning System (GPS), while a total of 1835 sample plots were
manually observed on freely available higher-resolution images in the GEE (Figure 3). The
training data were retrieved through the visual inspection of the selected images. The
scrutiny enabled us to identify the Landsat pixels that were entirely made up of any selected
LULC class (Table 2).

Table 2. The interpretation of LULC classes in the study area.

Sr. No Class (Level-1) Description (Level 2)

1 Cropland Mostly rain-fed cropping.

2 Grasses Natural/manmade grass covers and herbaceous
surfaces.

3 Tree/Forest The street and park trees, the woodland in the urban
and peri-urban fringes of study area.

4 Shrubs/Tall herbs Vegetation cover dominated by shrubs/tall herbs.

5 Bare soil/rocks Barren lands with extremely low vegetative
coverage.

6 Built-up The continuous and discontinuous built-up fabric.

7 Water The water bodies and water courses in the study
area.
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For model validation, 80% of the sample points from each category were randomly
selected to use as training data, while the remaining 20% of the sample points were used
as a validation dataset. Shao and Lunetta [54], Shetty [42] and Magidi et al. [55] also
deployed a similar nature of mechanism for inferences and assessments. The training and
validation samples of each year were separately uploaded in the GEE through the Google
Fusion Tables (GFT). For feature extractions and mapping, supervised [56,57] as well as
unsupervised [58,59] classification techniques were relied upon (Figure 4).

2.4. Transition Analysis of LULC

Transition analysis was also carried out for interpreting the impacts of urbanization on
urban structure and prevailing environment. For this purpose, the LULC transformations
among the classes were quantified for the selected time intervals from 1976 to 2016 (Table 2).
The findings were relied upon for deciphering spatial–temporal variations in the selected
LULC classes. The process was accomplished in R Software (version 3.4.4). The flexible
environment of this tool enables us to perform statistical procedures by improvising codes.
The assessments pertaining to interclass transitions for mapping were performed in R through
the “lulcc” package [60]. The assessments were based on the following equation [61,62]:

Rate =
(

1
t2 + t1

)
·ln

(
Ai2
Ai1

)
(1)
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where Ai1 accounts for the cover of class i at an initial time t1 and Ai2 denotes the cover of
class i at a later time t2.

Sustainability 2022, 14, x FOR PEER REVIEW 7 of 21 

 
Figure 4. Schematic representation of procedures adopted for the LULC analysis. 

Table 2. The interpretation of LULC classes in the study area. 

Sr. No Class (Level-1) Description (Level 2) 
1 Cropland Mostly rain-fed cropping. 
2 Grasses Natural/manmade grass covers and herbaceous surfaces. 

3 Tree/Forest 
The street and park trees, the woodland in the urban and 

peri-urban fringes of study area. 
4 Shrubs/Tall herbs Vegetation cover dominated by shrubs/tall herbs. 
5 Bare soil/rocks Barren lands with extremely low vegetative coverage. 
6 Built-up  The continuous and discontinuous built-up fabric. 
7 Water The water bodies and water courses in the study area. 

2.4. Transition Analysis of LULC 
Transition analysis was also carried out for interpreting the impacts of urbanization 

on urban structure and prevailing environment. For this purpose, the LULC transfor-
mations among the classes were quantified for the selected time intervals from 1976 to 
2016 (Table 2). The findings were relied upon for deciphering spatial–temporal variations 
in the selected LULC classes. The process was accomplished in R Software (version 3.4.4). 
The flexible environment of this tool enables us to perform statistical procedures by im-
provising codes. The assessments pertaining to interclass transitions for mapping were 
performed in R through the “lulcc” package [60]. The assessments were based on the 
following equation [61,62]: 

Figure 4. Schematic representation of procedures adopted for the LULC analysis.

3. Results
3.1. Accuracy Assessments

Accuracy assessment in image-based classifications is required for ensuring preci-
sion [63]. The cross-validation of assessments was performed through the Kappa test.
The Kappa coefficient helps us to identify those instances that may have been correctly
classified by chance. It focuses on the differences between observed (total) accuracy and
random accuracy. Once completed, the LULC maps were examined by adopting standard
parameters (https://developers.google.com/earth-engine; Accessed on 1 May 2016) for their posi-
tional and thematic accuracy. The overall classification accuracy ranges from 83% to 92%
(Appendix B).

3.2. Temporal Variations in the LULC

The urban expansions and concomitant LULC changes in Islamabad (planned) and
Rawalpindi (semiplanned) have different natures of imprints on the land resources. There-
fore, quantitative assessments based on temporal variations in the share of selected LULC
classes were performed (Table 3). The findings were subsequently relied upon for change
detection (Table 4). The assessments enabled the comprehension of the dynamics and the
evaluation of the consequential impacts of urbanization on the selected land cover classes
for holistic appraisals.

https://developers.google.com/earth-engine
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Table 3. Characteristics and references of satellite images used.

LULC
Class/Year

1976 1988 1995 2005 2016

km2 % km2 % km2 % km2 % km2 %

Cropland 600.31 55.22 579.33 53.29 694.98 63.93 629.54 57.91 355.16 32.67
Grasses 54.83 5.04 90.52 8.33 47.62 4.38 47.68 4.39 146.66 13.49

Trees/Forest 168.53 15.50 130.86 12.04 171.48 15.77 206.77 19.02 111.61 10.27
Shrubs/Tall

herbs 228.81 21.05 212.57 19.55 105.04 9.66 74.53 6.86 96.45 8.87

Bare
soil/rocks 18.02 1.66 8.66 0.80 8.39 0.77 11.12 1.02 102.43 9.42

Built-up 9.03 0.83 35.17 3.24 48.93 4.50 110.14 10.13 252.51 23.23
Water 7.63 0.70 30.05 2.76 10.72 0.99 7.38 0.68 22.35 2.06

Table 4. Characteristics and references of satellite images used.

LULC
Class/Year

1976–2016 1976–2016 1976–2016

Loss Gain Net Change

ISB RWP ISB RWP ISB RWP

Cropland −186.34 −127.21 49.44 28.53 −136.9 −98.68
Grasses −21.85 −15.47 81.89 42.41 60.04 26.94

Trees/Forest −67.94 −40.97 44.42 17.77 −23.52 −23.2
Shrubs/Tall

herbs −122.91 −70.17 46.69 23.88 −76.22 −46.29

Bare
soil/rocks −6.52 −8.88 61.91 31.67 55.39 22.79

Built-up −0.14 −0.11 113.84 112.78 113.7 112.67
Water −0.78 −0.39 8.3 6.14 7.52 5.75

The most noteworthy growth was detected in the built-up areas (as mentioned in
Table 3). We see that this category’s share stretched from 0.83% in 1976 to 23.23% in 2016.
The bare soil/rocks and grasses are the other categories in which marked increases were
noted. However, observable shrinkages (in %) in shares and total areas of cropland and
shrubby surfaces were quite significant (Table 3). The cropping areas declined from 55.22%
in 1976 to 32.67% in 2016 and the shrubs/tall herbs shrank from 21.05% to 8.87% during
this period. The findings (Table 3) indicate noticeable oscillations in the categories of water
and trees/forested areas.

3.3. Spatial Inclinations in LULC Modifications

The illustrations (Figures 5–9) magnify the spatial–temporal trajectory of reported LULC
modifications. Figure 5 portrays that the natural LC in Islamabad was undisturbed in 1976. The
built-up area in the city was very limited and sparse. The cropland was still the dominant land
cover in Islamabad, being interspersed with hamlets in the vicinity. At this stage, the tree cover
was very dense along the Margalla Hills in the north and around Rawal Lake in the east of the
city. During the same time period, the agrarian imprints on the LULC of the Rawalpindi city
were quite visible (Figure 5). However, the built-up areas were concentrated in and around the
central business district (CBD) of the city, i.e., Fawara Chowk, in Rawalpindi.

Figure 6 construes about the ensuing urban densification in the study area. The
phenomena caught momentum around the CBD, i.e., Fawara Chowk, in Rawalpindi. The
urban expansion during 1976–1988 in Rawalpindi was more inclined towards Islamabad.
Figure 6 also depicts the creeping urban sprawl and LULC transformations in Islamabad.
The proportion of built-up areas significantly increased during this time in Islamabad.
However, the impacts of urbanization and associated LULC changes during 1976–1988
were concentrated around the urban core areas in both urban settlements. The other land
cover classes registered no noticeable fluctuations during this time.
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Physical expansion of Islamabad gained impetus during 1988–1995 (Figure 7). The
focus shifted to fulfill the growing demands from the housing sector. Resultantly, the
built-up areas expanded with the development of new residential sectors, such as G-9, G-10,
I-8, etc., in Islamabad (Figure 7). During this phase, Islamabad expanded in the southeast
with the development of Humak Model Town. Meanwhile, the urban sprawl of Rawalpindi
was still inclined towards Islamabad. However, with the horizontal expansions in the
physical structure of Rawalpindi, the neighboring unplanned/rural settlements, such as
Khanna Dak in the east, Misrial in the west and Tanch Bhata in the south, became the new
functional units of the city (Figure 7).

The findings (Table 3) conjecture about the intensifying impacts of urbanization on the
LULC transformations in the following time interval: 1995–2005. Figure 8 portrays that the
impacts were more pronounced in Islamabad compared to Rawalpindi. However, the transfor-
mations were acute in areas which were physically detached from the CBD of Islamabad. Newly
planned commuting areas of Islamabad emerged and expanded in the southeast of Rawalpindi
during this time. Horizontal expansions were also observed along the Grand Trunk Road (GT
Road) in the west, around the eastern periphery of Bara Kahu and in the northern rural hamlet of
Nurpur Shahan in Islamabad (Figure 8). During the same time period, the phenomenon of urban
densification became more pronounced around the urban core areas in Rawalpindi. During
this time (1995–2005), Rawalpindi city expanded up to its southern limits and stretched farther
westward up to Dhok Saiyidan.

Urban expansions continued to gain momentum during 2005–2016. Their indelible im-
prints are visible in the forms of massive urban sprawl (Figure 9) and LULC changes (Table 3).
The proportions of built-up areas and bare soil/rock surfaces enlarged during this time period.
However, significant reductions in the cropping areas and forested land covers were observed.
These types of modifications were mostly observed in the newly developed residential sectors
of Islamabad. In addition to this, such convergences were stimulated by unregulated land
conversions in the peripheral areas of the capital (Figure 9). Meanwhile, in Rawalpindi, rapid
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urbanization during 2005–2016 exhausted the land resources in and around the urban core areas.
In return, the built-up areas were forced either to expand vertically or to spread in the west, the
southwest or the southeast directions.

3.4. The Interclass Transitions

Assessments were made to ascertain the magnitude of increases or decreases in the
share of a specific LULC class (Table 4). The appraisals were relied upon for magnifying the
impacts of urbanization on interclass convergences and transitions (Figure 10). In addition
to this, the quantitative assessments also enabled us to identify the factors responsible for
the observed transformations from 1976 to 2016.
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4. Discussion

The magnitude and speed of urbanization in Pakistan [64] have caused land and
environmental degradations in urban areas [23,24]. The scenario entails comprehending
the dynamics of urbanization and identifying resultant impacts on the urban land cover of
Pakistan. It requires conclusive assessments based on spatial–temporal transformations
in the LULCs of urban areas. For this purpose, the current investigation was designed
to evaluate the impacts of urbanization on the selected LULC categories of planned and
semiplanned (Table 2) urban centers.

The study primarily focuses on the LULC changes that occurred during the selected
time intervals from 1976 to 2016. During this time span (1976–2016), these cities witnessed
population growth (Appendix A), massive urban sprawl [24] and concomitant LULC
transformations [65,66]. The accompanying pressures triggered planned and unplanned
modifications in the LULC of these urban centers. The findings (Table 3) maintain that the
proportion of the built-up areas in these cities was significantly enlarged, while the share of
cropland areas declined during this period. These observations substantiate the reported
assertions [67–70] pertaining to the impacts of urbanization on the LULC patterns in urban
areas. These assessments also authenticate the reported observations [32,69] that the land
covers in the twin cities are still transforming due to urbanization. The findings reveal that
urban expansions in Rawalpindi followed the pattern of the concentric zone model, which
E. W. Burgess proposed in 1923 (https:// transportgeography.org/?page_id=4908; Accessed on 15
December 2016) [71].

The model postulates that urban settlements expand outward from a central location
(CBD) similar to the growth rings of a tree (Figure 10). The similar nature of urban sprawl
is observable in the areas which fall in the administrative jurisdictions of Rawalpindi city.
However, the urban expansions in Islamabad are more closely associated with the multiple
nuclei model postulated by C. D. Harris and E. L. Ullman in 1945. This model asserts that
the heterogeneous nature of socioeconomic activities in urban areas requires specialized
location. Islamabad, as the capital city, was designed to cater to diverse socioeconomic
needs and functional complexities. These orientations are embedded in urban planning
and drive the regulatory control of land resources in Islamabad. Thus, the phenomenon of
urban expansion is gaining stimulus from segregated nuclei in this city.

The phenomenal increase in the proportion of built-up surfaces (Table 3) in recent years
(2005–2016) reflects the cumulative impacts of population growth [72,73] and socioeconomic
restructuring of society in Pakistan [74] due to the consequential impacts of wars against
terrorism. The precarious security environment in and around the adjoining areas of Khyber
Pakhtunkhwa (KPK) forced their populace to migrate [75]. A substantial proportion of
these migrants subsequently settled in the study area. Resultantly, the rental and real
estate value of property increased. The land developers, in connivance with the local

https://transportgeography.org/?page_id=4908
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administration and real estate agents, encroached on the productive agricultural land
and converted it into built-up surfaces. For this purpose, they promoted the lifestyle of
‘gated communities’ in the outskirts of the study area. The concomitant socioecological
complexities associated with urban densification compelled the resourceful residents to
move to these newly introduced gated localities [76]. The private sector initially focused
on barren/nonproductive agricultural lands due to their low market value. However, for
attracting potential buyers, they focused on planned urban greenery and encouraged tree
plantations within their jurisdictions. It is evident by the fact that, despite all pressures
for land conversions, the proportional share of urban trees and forestry increased in the
study area (Figure 10). It transpired that awareness regarding environmental sustainability
productively contributed towards ecological resilience. However, increases in the shares
of bare soil/rocks (Figure 10) were also due to investments in the housing sector for
anticipated profits from real estate transactions. Land developers converted productive
land into residential plots, but on most of those plots, houses have not yet been built. The
scenario entails stringent regulatory control for the sustainability of land resources in the
study area.

While the resourceful migrants preferred to stay in Islamabad, the less resourceful
strove to find an abode in Rawalpindi. Resultantly, low-income residential localities in
and around Rawalpindi city, such as Pandora, the surrounding areas of Benazir Bhutto
international airport, etc., emerged and expanded. The spatial settings of these unreg-
ulated intrusions corroborate the notions that low-income groups prefer to live in the
vicinity of economic opportunities [77]. In the absence of a coherent housing policy, these
individual-driven land cover transformations filled the gap and promoted the phenomenon
of unplanned urban development in Rawalpindi. Despite such pressures, the LULC trans-
formations in the municipal limits of Islamabad were carried out according to the master
plan. These observations validate the reported assertions that clarity in policy and efficiency
in management are obligatory for the sustainability of urban land resources [23,24].

The findings (Table 3) and illustrations (Figure 10) also infer about substantial in-
creases in the proportions of cropland and trees/forested areas during 1988–1995. The
increasing demand and high prices of vegetables in twin cities due to population growth
(Appendix A) seem to be the plausible cause that motivated the farming communities to
convert the shrubby areas into farming lands. The provisioning of agricultural machin-
ery for land management by the Agency for Barani (rain-fed areas) Area Development
(ABAD) facilitated such conversions. In addition to this, the awareness emanating through
the Arid Agricultural University in Rawalpindi also contributed to these transformations.
Consequently, agricultural land expanded in the cities which were previously dominated
by natural grass, shrubby and herbaceous land covers. These observations infer that access
to technology and awareness suggestively influence the speed and scale of LULC changes.
During this time span, the share of tree covers also increased (Table 3). During this time
period, an independent Ministry of Environment at the federal level was established [78].
The ministry facilitated efforts for promoting awareness regarding ecological resources.
As a result, the efforts for enhanced cooperation with donor agencies and multinational
entities ensued. The local governments, specifically the Capital Development Authority
(CDA), benefited from such newfound opportunities. Consequently, the portion of green
areas increased in Islamabad and Rawalpindi.

5. Conclusions

The findings formulate that people in developing countries are drifting towards big
urban centers to explore better socioeconomic prospects. This exodus stimulates horizontal
expansions, triggers LULC changes and encourages vertical growth and urban densification.
Consequently, the land and environmental resources in urban areas are straining. The
study reveals that such processes are more predictable, manageable and controlled in
planned cities compared to semiplanned cities. The differences are attributable to land
use planning and regulatory frameworks. The findings imply that improved regulatory
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supervision, clarity in land use policies and integrated management of land resources are
vital for resilient urban growth.

The scenario calls for socioeconomic uplifts in rural areas to curtail the inflow of
migrants in big urban settlements such as Islamabad and Rawalpindi. Population control
appears to be the most dependable strategy to address such formidable challenges in the
developing regions. In addition to this, the findings also stress decentralization of adminis-
trative power and improved availability of life services in small-scaled settlements. The
measures would curtail pressures on urban land resources in developing regions. The study
also authenticates the robustness of remotely sensed data and GIS-based techniques as
efficient and cost-effective tools for informed decision making about urban land resources.
However, further studies are needed to ascertain the cumulative impacts of ensuing demo-
graphic changes and LULC transformations on the resilience of the natural environment in
this contextual setting.
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Appendix B

Table A1. Accuracy Assessment.
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