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NOISIAI

urban expansion over the past five decades. The socio-economic development and

growth of the urban population have caused the rapid increase of urban expansion.
The increase in the built-up area of Lahore has seen remarkable growth during the past
decades. This study is aimed at detecting the Spatio-temporal changes in land use and land
cover and evaluating the urban expansion of Lahore since 2003. The conversion of land to
other uses is primarily because of growth in urban population, whereas the increase in
economic activities is the central reason for the land-use changes. In this study, temporal
Landsat imageries were used. The supervised image classification of the maximum likelithood
algorithm was applied on Landsat ETM+ (2003) and OLI/TIRs (2023) images, whereas a
post-classification comparison technique was employed to detect changes over time. The
spatial and temporal analysis revealed that during the past twenty decades, the built-up area of
Lahore city has expanded by 486 km?. It was found from the analysis that in Lahore city, the
urban expansion was primarily at the cost of loss of fertile agricultural land, vegetation, and
other cultivable land use. The analysis further revealed that The Total agricultural area in 2003
was 725 KM?. The agricultural land to Built-up area is about 325 km? Due to the population
increasing, the newly added population needs more space to fulfill their basic needs. The Total
Barren Land in 2003 was 7452 KM?The Barren land to Built-up color, which is about 255
km?Rapid Land use changes have been marked for a period of 20 years in Lahore. The
increase in the area used for built-up land is 470 Km? in 2003 to 956 Km? in 2023 (overall
increase is 28 %), respectively.
Keywords: Change Detection, Confusion Matrix, LULC Modehng, GIS, Remote Sensing
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Introduction:

Most parts of countries in the world are currently experiencing wide-ranging changes
in land use and land cover (LULC) [1]. These LULC changes have mostly been associated with
the interaction between humans and the environment [2]. The resulting negative impacts on
ecosystems and human wellbeing, which include erosion, increased run-off, flooding, loss of
water resources, degrading water quality, and other negative impacts, have brought these
changes to the attention of the world [3]. There are many indicators for understanding the
relation between humans and the environment, one of which is land cover change [4]. The
timely and accurate understanding and monitoring of land use and land cover changes, their
intensity, direction, causes, and consequences are critical for sustainable development
planning; hence, it is an essential goal in the field of land cover change science [5].

Land use is the projection of complex urban socio-economic activities on a land
system. [0] Land use change is a complex process, and varying driving forces impact the
changing land use patterns of the cities. Urban expansion is one of the important impacts of
land use and land cover change. Expansion of urban area requires more land and promotes
the conversion of land use into a changing pattern [7]. To examine the urban expansion, it is
necessary to “quantify the spatial and temporal pattern of urbanization that requires spatial
analysis” Although urban areas cover only 3% of the earth’s surface but habitat destruction
and increasing urbanization have widespread impacts on the land use pattern of the cities.

LULC means the use of land via agriculture, conservation, development, recreational
places, wildlife habitats, and urban regions or any other activity and the outcome of human-
environment interaction in a particular location, as influenced by climate change processes and
socioeconomic dynamics [8]. LULC identification is crucial for evaluating global, Regional,
and local environmental change [9]. and become a fundamental element for sustainability
research. On land, both the human population and its influence have increased dramatically
in the previous century [10], and the changes are a dynamic and continuous process over time.
Updated and precise LULC maps are essential for sound planning, sustainable development,
environmental monitoring, worldwide change, and the estimation of forest degradation [11].
The effective use and management of natural resources depend on reports on LULC changes.

On the other hand, various procedures have been established for detecting, measuring,
and mapping urban temporal expansion from remotely sensed data [12]. examined the spatial
dynamics of land use changes and recognized the urbanization process using multi-spatial &
multitemporal resolutions of Landsat satellite data [13]. identified land use change and urban
expansion trends using annual urban growth rate reinforced by two scenes of multi-spectral
satellite images [14]. Change detection is valuable in many applications related to land use and
land cover (LULC) change detection, including cultivation, urban expansion, and landscape
changes. Understanding landscape patterns, changes, and interactions between human
activities and natural phenomena is essential for proper land management and decision
improvement [15].

In Pakistan, various scholars' studies on LULC are widely conducted, especially by
using remote sensing and GIS techniques [16]. Lahore is one of the renowned districts of
Punjab, Pakistan. The land use pattern has been changing due to rapid industrial and economic
development.

This study aims to articulate the pattern of LULC changes in District Lahore. The
main focuses of this study are i) to identify the LULC based on the satellite images of 2002
and 2022 using remote sensing and GIS application, and ii) to evaluate the factors of the LULC
change in the study area. This study is expected to contribute to the decision maker in making
a better emergency response and plan towards sustainable land development activity, as well
as mitigating the challenges of the rapid growth of urbanization.
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Study Area:

Lahore is the largest district of the Punjab province in terms of population size,
comprising 82% of the urban population and the provincial capital as well. It is the second
largest Metropolitan city of Pakistan after Karachi having estimated population of 13,979,000
(GOP 2023). Lahore is a hub of economic & cultural activities and an academic center of the
country, which is often referred to as the heart of Pakistan and, therefore, a place of interaction
of people from all across the country. Lahore is an old cultural center of Pakistan with a history
of more than 10 centuries. It is situated within the geographic extents of 31° 13' and 31°43' N
latitude and 74° 0" and 74° 39.5' E longitude. Lahore is located on the left bank of the River
Ravi, covering an area of 1772 sq. km. The Lahore City District comprises nine towns, which
are controlled by TMA (Town Municipal Administration) except Lahore cantonment Figure
1.
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Figure 1. Location Study Area

Materials and Methods:
Data Acquisition:

In order to carry out the present study, Landsat 7ETM+, Landsat 8OLI at a resolution
of 30 m satellite imagery for a period from 2003-2023 were both used for the classification of
land use/cover. The Earth Explorer site (http://earthexploret.usgs.gov/) provided the
satellite data for the research region. Cloud-free images are not easy to find using free sources
of data, so any cloud cover less than 10% was applied in the additional criteria tab while
searching, and about 3—7% of cloud cover was found, which did not affect the result. The
datasets were downloaded as TIF files and extracted from the zipped format.

Data Preparation:

A layer stack tool is used to combine the bands altogether and create one image, as
bands come separated in raw images. Preprocessing is an important part of satellite picture
interpretation, and in some cases, such as distortion correction and cloud removal, it's
necessary. The images were obtained as standard products, ie., radiometrically and
geometrically corrected.

The other ancillary data files comprise of geo-registered vector layer of the district &

towns' boundary. Spectral details of the above-mentioned Landsat images are given below in
Table 1
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Table 1. Images Description

Year Sensor Sp atmtl Path/Row Dat.e.o.f
Resolution Acquisition
2003 | Landsat 7 image 149/38 April-12-2003
ETM+ 30 m
2023 | Landsat 8 image OLI 30 m 149/38 April-14-2023
Data Analysis:

Image Classification:

To categorize satellite pictures, first and foremost, an adequate classification approach
for the research region is necessary. As a consequence, several forms of LULC were classified
using a modified classification approach in this study. Per-pixel supervised classifiers were
employed, which classify satellite imaging pixels based on spectral reflectance properties that
are similar or identical [17]. For the 2003 and 2023 Landsat images, the supervised
classification approach employed the maximum likelihood algorithm in ERDAS Imagine to
identify the land use land cover (LULC). The classification process is mainly conducted in
three steps: training sample selection, classification, and evaluation or accuracy assessment.
About 50 training samples were created for each class. A total of 80 training samples were
taken for each map.

The most extensively used and well-known parametric classifier for land use and land
cover change analysis is the maximum likelihood technique [18]. Based on Bayes' theorem, the
primary technique for maximum likelihood classification determines where the cells in each
class sample in the multidimensional space are regularly distributed [19]. Based on the Bayesian
equation, the technique for calculating the weighted distance or probability D of an
unknown measurement vector X belongs to one of the recognized classes, Mc is based on the
Bayesian equation [20].

D = In(ac) — [0.5In(| covc |)]-[0.5(X-Mc) T(cove™) (X-Mc)] (1)

where c is a specific class; D is weighted distance (likelihood); X is the candidate pixel's
measurement vector; Mc is the sample's mean vector, and ac is the likelihood in percent that
any candidate pixel belongs to class C (defaults to 1.0, or is entered from a priori knowledge);
Covc is the covariance matrix for the class ¢ pixels in the sample; Covc is its determinant
in matrix algebra, Covc 'is its inverse; In is its natural logarithm function, and T is its
transposition function (matrix algebra).

Change Detection:

Because of their cost-effectiveness and high temporal resolution, remote sensing and
GIS-based change detection methods are frequently employed. Multi-temporal datasets can
be used from different dates to discriminate each them and detect the changes. In order to
find areas of change, the post-classification comparison technique includes classifying images
and comparing the relevant classes. The post-classification comparison approach obtained the
greatest classification accuracy in a comparative analysis of diverse techniques [21]. A method
of post-classification comparison based on the MLC algorithm was used with Landsat data to
validate land-use changes in Lahore. The post-classification comparison was conducted by
converting the classified raster images into vector layers. The changes in LULC were calculated
for each land cover type and represented in separate images in this investigation for better
understanding.

The following equation was used to calculate the degree of change (C) for each class:

G =L -Bip

The change in class is divided by the covered area base year and again multiplied by
100; a straightforward computation was used to calculate the percentage change (C%). And it
has been conducted in each land-use class
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The number of classes in the image is indicated by I. Ci indicates how much class I
has changed. Pi is the percentage change in class I. Li means "basic image" (2003). The most
current picture is Bi (2023).

Accuracy Assessment:

The accuracy of the classification is crucial. For each of the 2003 and 2023 identified
images, the accuracy evaluation tool of the supervised classifier randomly produced 200
reference points using stratified random sampling Figure 2. FEach point had a color and pixel
value that the software immediately identified. The classes in the categorized image were used
as a starting point.

Error matrix as well as kappa statistics for the two classified images were also manually
created using Microsoft Excel. Two categorized photos were subjected to this procedure (i.e.,
2003 and 2023). The error matrix shows how accurate the categorization was [22]. The
columns represent the classes described as ‘user value’ from the reference value, while rows
correspond to the classes described as ‘producer value’ derived from the classified image. The
total number of properly detected points for each class of classified data and reference data is
indicated in the error metric's side-by-side cells. The off-diagonal cells describe pixels that were
wrongly detected, indicating a mismatch between reference and classed data. Figure 3 shows
the flow diagram of methodology.

During the categorization process, there are two sorts of mistakes that might occur:
omission and commission errors. A commission error occurs when a categorization
mechanism assigns points to a class to which they do not belong. In column cells above and
below the primary diagonal of the class, it was possible to count the number of pixels that
were mistakenly allocated to that class. The Producer's accuracy was also used to specify the
number of commission errors (eq. 4). Pixels from one class were included in pixels from other
classes, resulting in omission errors for each class. The confusion matrix's row cells on the left
and right of the main diagonal were used to calculate the number of missing pixels. Another
factor that characterizes omission mistakes is the uset's accuracy. The accuracy assessment of
land use classes is shown in table 2. The selected formulae determined the correctness of the
user and the producer.

Pi:

Total number of correct Pixels in the category 4

Total Number of pixels of that category derived ( )
from the reference data( Column total)

Total number of correct Pixels in the category 5

Total Number of pixels of that category derived ( )
from the reference data( Row total)
The following formulae were used to determine the two data sets’ overall accuracy and
kappa coefficient.
Overall Accuracy= (Sum of Digonal Eelements)/ (Total Number of accurate pixels) (6)

Table 2. Accuracy Assessment of Land Use Classes

User's Accuracy =

Producer’s Accuracy =

Land Use
Classes Water Body | Builtup | Green Cover | Barren Land | Total User
Water Body 19 0 1 20
Built up 0 17 1 2 20
Green Cover 0 0 18 2 20
Barren Land 0 0 1 19 20
Total (Producer) 19 17 20 24 80
User Accuracy Water Body | Builtup | Green Cover | Barren Land
95 85 90 95
Water Body | Builtup | Green Cover | Barren Land
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Producer
Accuracy 100 100 90 79.16666667
Overall Accuracy 0.9125 0.9125*%100=91.25
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By using remote sensing and GIS techniques, the Land Use Changes of Lahore were
identified. Supervised classification techniques were applied. The results show that there is a
significant increase in urbanization.

Land Cover Pattern of 2003:

According to the analysis, Green Cover (725.88 km?, or 42.69% of the total studied
area) is the largest land use group, and Built-up (470.48 km?, 27.67% of the total area) is the
second-largest land use group. The other land use classification is barren land (452.37 km?,
26.61% of the total area), waterbody (49.31 km?, 2.90% of the total area). The area distribution
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of land types in square kilometers, and percentages, along with the producer accuracy, user
accuracy, and overall accuracy, for the year 2003 as shown in figure 4.
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Land Cover Pattern of 2023:

The Landsat 8 data collection has been used to create the categorized picture for 2023
Figure 5. Green Cover (317.89 km?, 18.64% of total area) and Built-up (956.27 km?, 56.23%
of total area) dominated the land area in 2023, according to the statistics. Buildup area (956.27
km? 56.23% of total area), barren Land (385.49 km?, 22.64 % of total area), and water (42.36
km?, 2.47% of the total area). Supplementary Table 3 shows the land use groups in square
kilometers, percentage, producer accuracy, user accuracy, and overall accuracy for the year
2023. The LULC patterns altered dramatically between 2003 and 2023. The study found that
one category, i.e., built-up area, recorded an increase in the area, while the other three
categoties, 1.c., agricultural land and barren land, and water body, recorded a decline in their
respective areas as shown in figure 6 and 7.
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Table 3. Land Cover Statistics of Lahore 2003 and 2023

Land Cover 2003 2023 Percentage
Indicator | Area (Sq.km) | % | Area (Sq.km) | % Change
Built-Up 470 | 27.67 956 56.23 -28.55
Barren Land 452 26.61 385 22.647 3.96
Vegetation 725 42.69 317 18.64 24.05
Water 49 2.90 42 2.47 0.43
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Figure 7. Percentage Changes in Land Cover
Spatiotemporal Variations in Land Cover:
Changes in Agriculture:

Change in vegetational land has been shown in Figure 8. The green color area describes
the unchanged vegetation area, which is about 317 km?®. The agricultural land to Built-up has
been described by the Red color, which area is about 325 km. Due to the population increasing,
the newly added population needs more space to fulfill their basic needs. To fulfill their needs,
human encroachment occurred. In this process, most of the area of Vegetation Land is now
converted into industrialized areas, human settlements, and other uses.
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Changes in Barren Land:

Change in the Barren Land has been shown in Figure 9. The Yellow color area
describes the unchanged Barren Land, which is about 385 km?. The Barren land to Built-up
has been described by the Red color, which is about 255 km. Barren land is also observed in
this study in a lot of areas. The reason behind this may be deforestation, industrialization, and
urbanization.
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Figure 9. Changes in Barren Land
Discussion:
Urban Expansion in District Lahore:

A prominent temporal expansion of the urban area of Lahore is shown in the classified
image datasets Figure 10. The major expansion of the city can be observed in the direction of
south-east, south, and south-west. The River Ravi blocks the sides of the north and north-east
of the city, while a zone in the district in the east is bounded by the Pak-India border. These
natural bartiers impose limitations on further urban expansion in all its features. The major
expansion in the city of Lahore is observed along the major roads, resulting in high-density
population, haphazard growth, air, noise, and water pollution, and distribution of
infrastructure along Ferozpur, Riwind, and Canal Road Figure 10. This haphazard growth and
expansion led to a change in the land use profile of Lahore from agriculture to urban use. The
land use patterns of Lahore have been considerably modified due to urban expansion in the
last few decades. The urban built-up area of Lahore has significantly increased at the cost of
vegetation cover or partially barren land.

Urban Expansion (Urban Change Detection):

The urban/built-up area of Lahore district was 470 Km? in 2003. It increased to 956
Km? in 2023, thus recording a growth of 28% (Table 3). While there is a loss of agricultural
and barren land, 18.64% and 22.64% respectively. This rapid population growth is one of the
major factors for urban expansion in the city of Lahore, and another reason for radical changes
in the land use of Lahore. The major expansion took place along Ferozpur Road, Riawind
Road, and Canal Road. The expansion and physical growth of the city is observed in the
southeast, south, and southwest directions. The Key factor behind the urban expansion in
these directions is the availability of open spaces & large parcels of land, connected roads, a
pollution-free environment and accessibility, and possibilities for the residents who reside far
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away from the center of the city. A larger number of housing schemes are introduced towards
the southwest direction of Lahore. An assessment can be made as a corridor for the future
development of the urban areas and their respective loss of agricultural lands. In this phase of
Lahore, both private and public housing schemes are being set up in a rapid and scattered way.
This growth trend led to the ribbon expansion along Ferozepur Road and G.T. Road. It was
observed that Lahore city had grown in Aziz Bhatti Town, Data Ganj Baksh Town, Wagha
Town, and Nishtar Town.
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Figure 10. Urban Expansion 2015-2023

Conclusion:

The urban expansion is seen as one of the potential challenges to sustainable
development, where urban planning with effective resource utilization, allocation of natural
resources, and infrastructure initiatives are key concerns. The study aimed to analyze the urban
Expansion of Lahore division year 2003 to 2023 from remote sensing data with different
techniques. The supervised classification technique proves to be more effective and accurate.
In the future, the Spatio-temporal modeling of urban expansion may be done and will help us
to better understand the evolved urban patterns of Lahore division. Remote sensing
technology is essential for dealing with dynamic phenomena, like urban sprawl. Without
remote sensing data and GIS analysis, one may not be able to monitor and estimate the urban
sprawl effectively over a time period, especially for an elapsed time period.

Rapid Land use changes have been marked for a period of 20 years in Lahore. The
increase in the area used for built-up land is 470 Km? in 2003 to 956 Km? in 2023 (overall
increase is 28 %), respectively. The agricultural land to Built-up area has changed, which is
about 325 km. Due to the population increasing, the newly added population needs more
space to fulfill their basic needs. Vegetation cover has also altered with the passage of the
years. And the Barren land to the Built-up area has changed, which area is about 255 km.
Subsequently, the area used for agricultural purposes and barren/open land has decreased in
the study area. This situation is alarming. Economic development, increasing population
growth, industrial growth & employment opportunities were the chief driving factors of
changing land use and rapid urban expansion in Lahore, Pakistan. The expansion area was
mainly distributed along both sides of the Ferozpur, Riwind, and Canal road. The urban
expansion trends can be seen in the directions of south-east, south, and south-west. These
natural barriers impose limitations on further urban expansion and the spread of population
in those directions. The south-west direction of the city is the main focus of a number of
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housing schemes. These assessment on the part of the urban planner invites future
development schemes related to vegetation loss and urban expansion. Integrating remote
sensing & GIS provided valuable evidence on the nature & rate of land use changes, especially
the spatial distribution and area of different temporal land use changes.

Discussion:

This study was carried out to observe the LULC changes and urban expansion in
Lahore from 2003-2023 using the supervised classification method assisted with the
maximum likelihood classifier algorithm, which provided an acceptable level of accuracy. GIS
and remote sensing techniques are very helpful in assessing the direction of the urban
expansion and its effect on existing land use types, as the change in urban land is a major
geographic phenomenon in today’s world. Figure 2 presents the pattern of LULC for Lahore
for the years 2003- 2023, which indicates the area covered by built-up land, vegetation cover,
water bodies, and barren land. Except for built-up land, other land cover classes decrease from
2003-2023, which led to the effect of surface UHIL. An overall negative change has been
observed for vegetation cover, water bodies, and barren land with 24.05%, 0.43%, and 3.96%,
respectively, while built-up land has gained 28.52 of % area. Transformation of vegetation
cover and barren land was due to illegal development, housing schemes, and commercial
buildings by local developers and Lahore development authority (LDA) (Metro bus; orange
train) [23]. It also indicates the conversion of rural areas into urban areas for new development
and infrastructure.

Land use land cover changes have a significant impact on land surface temperature
[24]. Due to diverse reflectance properties of LULC [25]. It can be observed from LST results
Figure 5 that in the last 30 years, the maximum LST continuously increased, while the
minimum LST had some variations. The rise in LST is also observed in previous studies
conducted in Lahore and other parts of South Asia [26], which may be because of the
anthropogenic materials, that is, high-rise buildings, asphalt, and concrete for urban expansion.
From Figures 6 and 7, we can observe that built-up land increased significantly from 2003 to
2023 due to the loss of vegetation cover and barren land. Transition of LULC classes from
barren land, water body, and vegetation cover to built-up land can influence LST [27] because
roughness and surface reflectance properties depend on LULC classes. The results
from Figures 8 and Figure 9, and 10 indicate that built-up land and LST increased in parallel,
which shows the direct relationship between them [28]. [29] Have also observed the increasing
trend of LST and revealed that urban expansion has caused the rise in LST. The difference
between urban and rural buffer indicates the influence of Surface UHI [30]. Surface UHI has
also been calculated with the difference between the mean LST of built-up land and the mean
LST of the rural area. The impact of SUHI has been observed in this study due to rapid
urbanization, which has been observed previously in other studies [31].

Recommendations:

The study on geo-spatial analysis of land use patterns and urban expansion in Lahore
from 2003-2023 using GIS and remote sensing techniques offers critical insights. Given the
alarming decrease in agricultural and open land, urgent measures are needed.

Firstly, urban planning authorities in Lahore should prioritize sustainable development
strategies to mitigate the adverse effects of rapid urban expansion.

Establishing green belts and conservation zones, particularly along the south-east,
south, and south-west directions, can serve as effective barriers to uncontrolled growth.

Furthermore, policies addressing economic development, population growth, and
industrial expansion must be revisited to strike a balance between urbanization and
environmental preservation. Collaborative efforts between the government, private sector,
and community stakeholders are essential. To address the focus on housing schemes in the

Special Issue | NCCDRR 2025 Page | 104


https://www.frontiersin.org/articles/10.3389/frsen.2022.897397/full#F3
https://www.frontiersin.org/articles/10.3389/frsen.2022.897397/full#F5
https://www.frontiersin.org/articles/10.3389/frsen.2022.897397/full#F3
https://www.frontiersin.org/articles/10.3389/frsen.2022.897397/full#F4
https://www.frontiersin.org/articles/10.3389/frsen.2022.897397/full#F3
https://www.frontiersin.org/articles/10.3389/frsen.2022.897397/full#F5

0
OPEN °) ACCESS

International Journal of Innovations in Science & Technology

south-west, stringent regulations should be imposed, promoting eco-friendly and resource-
efficient urban designs.

Also, future urban development plans should integrate advanced geo-spatial
technologies continuously. Regular monitoring using GIS and remote sensing tools will
provide real-time data for informed decision-making. This includes tracking vegetation loss
and assessing the impact on urban expansion. A comprehensive, adaptive urban development
plan, informed by these recommendations, will be crucial for sustaining Lahore's growth while
preserving its ecological balance.
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