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Abstract. Pakistan is an agro-based country, and the majority of its population depends on agriculture for survival. Currently, sporadic
urban expansion is a serious threat to urban agriculture, the environment, food security, and livelihood sustainability. This study aims to
explore the dynamics of urban expansion patterns and their intricate interplay with agricultural land, focusing on their ramifications and
future urban land-use predictions. For this purpose, remotely sensed data spanning 30 years from 1990 to 2020 and secondary data from
the DCR and the Pakistan Bureau of Statistics are used. The collected data were analyzed through advanced geospatial techniques, CAM,
and statistical techniques. The built-up area was observed 75 km? in 1990 to 299 km? in 2020. Furthermore, the annual increase is 9.5%. This
haphazard growth converts approximately 31% (100 km2) of Multan city’s fertile agricultural lands into a built-up environment, and the CA
Markov model predicts that the built-up area will further increase by 54% in 2030 and 67% in 2040. The correlation between built-up and
agricultural areas is strongly positive. The study provides nuanced insights for policymakers, land managers, and urban planners to formulate
better policies for regulating sustainable urban expansion and fostering resilient urban development.

Keywords: urban agriculture, urban expansion, urbanization, Markov model, Multan.

1. Introduction multifunctional services to the urban community (Horst et

al., 2024; Sadian & Shafizadeh-Moghadam, 2025). UA plays

Worldwide, urban agriculture (UA) stands as an enduring, a pivotal role in providing healthy foods, nutrition security,
age-old and vital economic activity (Ackerman et al., 2014; livelihood sustainability, and eradication of urban poverty
Gunapala et al., 2025). It provides countless benefits and  (Vieira & Panagopoulos, 2024; Ahmad et al., 2025a). Around,
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25% of the world’s food is produced in urban areas, with
contributions of more than 70% in some urban regions
around the globe (Houessou et al., 2020; Schuster-Olbrich
et al., 2024). Additionally, UA offers green open spaces,
enriches the sociocultural fabric of communities, mitigates
the urban heat island effect, contributes to community
economic development and environmental sustainability
(Akbari, 2002; Moisa & Gemeda, 2021; Humaida et al.,
2023) and reconnects the agriculture sector with urban
population (Dittmann & Niisser, 2002; Santo et al., 2016).
It also promotes the recycling and reuse of urban wastes
and wastewater, supports urban stormwater management,
and serves as a strategy for disaster risk reduction (Picton,
2016; Gandharum et al., 2022). Currently, urban agriculture
is shrinking rapidly and facing several threats due to
population growth, urban expansion, water scarcity, and
exacerbated by climate change (Hussain, 2024).

Rapid urban expansion is one of the major catalysts
of the conversion of agricultural land into built-up areas.
According Bapari et al. (2016), global urban expansion
is projected to lead to a 1.8-2.4% reduction of the global
agricultural area by 2030, with approximately 80% of this
cropland loss attributed to urban expansion occurring in
Asia. Currently, unplanned and parodic urban expressions
are becoming a problem worldwide leading to severe
global socioeconomic and environmental consequences,
including soil erosion, loss of biodiversity, and agricultural
land degradation. However, this situation has become more
acute in Pakistan due to the underestimated importance of
urban agricultural lands and the incomplete or ineffective
legislation protecting agricultural lands (Ahmad et al., 2021;
Ahmad et al, 2025b; Hussain & Shaikh, 2025). Consequently,
agricultural land degradation in Pakistan affects the delivery
of ecosystem multi-functionality/services and threatens the
livelihood sustainability and food security of people and
ecological prudence (Ahmad et al.,2020; Ahmad et al., 2023;
Nasar-u-Minallah et al., 2021).

Urban expansion is one of the major developments
that has occurred in the last few decades. The expansion
of the cities is dominantly influenced by economic growth,
urban facilities, and institutional development (Li et al.,
2018; Ouyang et al., 2022). Rapid urbanization creates so
many problems including social, economic, political, and
environment (Pijanowski et al., 2009; Cao & Wang, 2025).
The scenario of urban development in developing countries
is ultimately connected with rapid population growth and
a high fertility rate. The population of urban areas has
increased rapidly, and as a result, the city size and density
has changed haphazardly (Nor et al,, 2017; Zhang et al.,
2025). Globally, the major proportion of urban expansion
is rural-to-urban migration (Zhang & Su, 2016). According
to the United Nations reports, the urban population of the

world was 0.75 billion in 1950 and 2.86 billion in 2000 and it
is projected to increase 6.67 billion in 2050 (Ritchie & Roser,
2018).

The process of urban growth mainly occurred in
developing countries due to changes in lifestyle, economy,
and industrialization. At the start of the 20 century, only
16 cities were in the list of 1 million population category.
But unfortunately, today almost 400 cities exist, and 70 to
75% are present in these developing countries (Carpio &
Fath, 2011). The rate of increasing urban population is very
common in developing countries, especially in Pakistan
and the annual urbanization rate is the fastest in South Asia.
People move from rural to urban areas for better facilities
of health, education, recreation, and economic opportunities
(Shuaib et al., 2018). The urban population of Pakistan was
6.57 million in 1950, and 45.68 million in 2000 and it is
projected to be 160 million in 2050 (Ritchie & Roser, 2018).

Remote sensing provides one of the consistent and
frequent analyses of large geographic data and GIS is one of
the finest ways to analyze the spatial variation that occurs
on earth surface (Wu et al., 2015; Islam et al., 2022; Haq et
al., 2022; Ali et al., 2023; Shinwari et al., 2025a, b). Remote
sensing and geospatial techniques are now quite useful for
urban studies, analysis, and modeling of land cover change
(Carpio & Fath, 2011; Zhang et al., 2025)water quality
and health indicators: A case study of Arequipa, Peru</
title><secondary-title>American Journal of Environmental
Sciences</secondary-title></titles><periodical><full-
title>American Journal of Environmental Sciences</full-
title></periodical><pages>90-101</pages><volume>7</
volume><number>2</number><dates><year>2011</
year></dates><isbn>1558-3910</isbn><urls></
urls><electronic-resource-num>10.3844/
ajessp.2011.90.101.</electronic-resource-num></record></
Cite></EndNote>. With the help of these geospatial
techniques, we can analyze the urban expansion spatially
and temporally as well as the future prediction of Multan
City. Simulations and predictions are commonly used in
urban expansion phenomena. Several models are used for
simulations nowadays, but the most common model is
a cellular automata model (Cherigui et al., 2025; Mirzakhani
etal., 2025).

The uncontrolled and unplanned growth of urban areas
and the important land covers including water, vegetation,
and agriculture are rapidly converted into concrete and
asphalt material. These issues become a serious threat to
natural ecosystems, agricultural land, human health, and the
sustainable environment (Bal¢ik, 2014; Yasin et al., 2025).
Urban expansion needs more attention than other problems,
especially in developing regions (Alsharif & Pradhan,2014).

This study is an attempt to explore and analyze the spatio-
temporal expansion pattern of Multan City and its impact on
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agricultural land, food security and livelihood sustainability.
Additionally, it highlights future urban land use prediction
using CAM model. Multan is the regional headquarter of
south Punjab and the economic, political, and social hub
for peripheral areas. It is also the most populated city in the
south Punjab. Due to these factors, the urban expansion
in Multan has increased and the land use land cover has
changed rapidly in the last few decades. The land of this
region is fertile and highly suitable for agricultural purposes.

2. Material and Methods
2.1. Profile of the Study Area: Multan City
The focus of this study is Multan city, southern Punjab,
Pakistan. It is one of the oldest cities of the Indus civilization

and it was founded around 5000 BC (Nadeem et al., 2022).
It is the cultural, religious and economic hub of southern

Punjab. It is dubbed as the city of Suf, Saints (Peers) and
Shrines. Geographically, Multan city is located between 29°
47’317 to 30° 27’ 25” N latitudes and 71°15 54" to 71° 50’ 6”
E longitudes (Fig. 1). It is situated at an altitude of 122 meters
(400 feet) above sea level and almost in the geographical
center of Pakistan. Multan city covers an area of 585 km?.
Administratively, it is divided into three administrative
units including Multan Municipal Corporation, Multan
Cantonment, and Multan Revenue Estates.

The climate of the study area is typically continental
with long hot summers and short cool winters. Generally,
temperature exceed 45°C in summer and below 10°C during
winter seasons. Additionally, heat waves generally hit the
study area from April to June. Climatically, it is an arid
region, and the annual rainfall is less than 200 mm (Haider
et al., 2025).

Multan is the 7 largest city of Pakistan and the 3
largest city the Punjab province in terms of Population. The
population of Multan city is growing at an alarming rate
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during the last four decades. The population of Multan city
was 1,177,014 souls in 1990 and has increased to 2,815,386
in 2020, resulting in the expansion of the urban area,leading
to serious challenges for agricultural land and food security
(Hussain & Shaikh, 2025).

The soil of Multan city is very fertile and alluvial soils.
Agriculture is the lynchpin of the economy of inhabitants
of the study area and more than 60% of people are engaged
in agriculture. This region is very famous for mangoes and
cotton throughout the world and is dubbed as the ‘Cotton
Capital of Pakistan’

2.2. Data Collection and Acquisition

To achieve the objectives, this research utilizes time-series
remotely sensed Landsat satellite data spanning thirty
years from 1990 to 2020. The remotely sensed data, multi-
spectral temporal Landsat images with less than 10%
cloud cover for the years 1990, 2000, and 2010 from TM
Landsat 5, and for the year 2020 from OLI Landsat 8, were
downloaded from the USGS official website (Table 1). For
the temporal trend analysis of urban expansion of Multan
city, the entire study span was divided into three decadal
intervals: 1990 to 2000 is taken as period-1 (P;), 2000 to
2010 as period-2 (P,), and 2010 to 2020 as period-3 (P3).
This temporal division provides a comparative assessment
of urbanization dynamics including the magnitude, rate, the
spatial extent and directional patterns of urban expansion
over time. In addition, primary data were also collected from
questionnaire survey, focus group discussion, interview and
field observation through a stratified random sampling
technique.

Relevant secondary data were explored from the District
Census Report of Multan (GOP, 1984; GOP, 2000; GOP,
2021), Gazetteer of Multan, Punjab Development Statistics
Reports (2013-2018), Pakistan Bureau of Statistics Report,
and UN-Habitat Reports. To cross-check and validate the
remotely sensed data, necessary data were acquired from
the Multan Master Plan (1987-2007), Integrated Master Plan
of Multan (2008-2028), Settlement Assessment Report, and
open sources as well.

Table 1. Detail of Satellite data and its characteristics

Year | Sensor|  D2t€ of ID Spatial | Cloud | No of
Acquisition | Row | Path |Resolution| Cover | Band
1990 | TM 5 |1990-01-11| 039 | 151 30-m <10 % 7
2000 | TM 5 12000-01-23| 039 | 151 30-m <10% 7
2010 | TM 5 |2010-02-03 | 039 | 151 30-m <10 % 7
2020 | OLI8 |2020-01-14| 039 | 151 30-m <10 % 9

2.3. Data Analysis

2.3.1. Remotely Sensed Data Processing
and Image Classification

All the Landsat images were preprocessed for geo-referencing,
layer stacking, and mosaicking in ArcGIS 10.5 software.
Color composites of 6 bands of 1990,2000 and 2010, and the
first seven bands of 2020 were generated. All scenes of each
image of Multan City were mosaicked, and the study area was
extracted using a shape file of Multan City. Subsequently, the
pen sharpening/standard deviation technique was applied
for image enhancements. Moreover, atmospheric and
radiometric correction of all images were carried out. The
images were classified through supervised classification using
a maximum likelihood algorithm. Five different land use/
cover classes, i.e., five categories namely built-up, agriculture,
fallow land, barren land, and water were developed for 1990,
2000, 2010 and 2020 classified images (Table 2).

Table 2. Description of Urban Land Use/Cover Classes of Multan
City

LULC Category Description
Built-Up Area Commercial area, building, road
AgrlculFure/ Cultivated land, garden, trees
Vegetation
Agricultural land left uncultivated for at least
Fallow Land . . s
one growing season to enhance soil fertility
Barren Land Bare ground
Water River, stream, canal, lake

2.3.2.NDVI
(Normalized difference vegetation index)

The normalized difference vegetation index is broadly used
in remote sensing studies to identify the vegetation. The
research is primarily related to agriculture, and this index
will give an accurate scenario of the vegetation. This index
is more accurate and quite easy to elaborate on the scenario
of vegetation. The values of NDVI exist between -1 and 1.
According to the values of NDVTI, if the result is shown in
negative value that means the area is covered with snow,
clouds, or water. If the result value is close to zero that means
it’s rocks or barren land. If the values are 0.1 or less that
means this is the empty area of rocks sand and snow. The
moderate values are 0.2 to 0.3 representing the meadows and
shrubs etc. while the value of 0.6 to 0.8 shows agricultural
areas mostly. This index is extracted from the satellite image
according to the formula:

NIR - RED

NDVI =X T RED

Eq (1)

NIR: Light reflected in the near-infrared spectrum
Red: Light reflected in the red range of the spectrum.
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2.3.3. NDBI (Normalized difference Built up index)
The normalized difference index was used to find out the
built-up areas precisely as compared to other analyses.
Urbanization or urban expansion is a structure of a built-
up area whether it is residential, commercial, or industrial.
The primary objective of this research is related to urban
expansion, so NDBI is more suitable for this research. The
values of the NDBI also lie between -1 and 1. Negative values
mean the other land covers and positive values mean the
higher built-up area. This index is extracted from the satellite
image according to the formula:

(SWIR-NIR)

Eq (2
(SWIR+NIR) 1@

NDBI =
SWIR - light reflected in the Short-wave infrared spectrum
NIR - light reflected in the near-infrared spectrum.

In addition, periodic and annual urban expension rates
during each of the periods were calculated in percentages
with help of the following Equation (3) and (4).

Percentage Change in Urban
Expension (%AU) = (%) X100

Eq (3)

Percentage Change in Urban
Expension per Annum (%A) =

o ay _ [ (o=,
(%A) ({ o )IOO)Yn Eq (4)

where:

Uq; - Urban area in the initial year, i.e. 1990 for Period 1
Uas— Urban area in the initial year, i.e. 2000 for Period 1
Y, — No of year in a Period.

2.3.4. Urban Land Use/Cover Change

Detection Analysis
For Urban land use/cover change analysis, a post-classifica-
tion change detection technique was employed. For this pur-
pose, initially, the change detection map for P;(1990-2000)
was prepared using the classified images of 1990 and 2000
to identify changes in urban land use classes that occurred
during 1990-2000, represented as transitions from one class
to another. During the comparison process, Landsat images
were resampled and geo-rectified with a root mean square
error (RMSE) of less than 0.5 pixels and changes in Urban
Land use/cover classes were identified. Moreover, to gen-
erate a dataset for qualitative and quantitative changes, the
classified images were compared using the cross-tabulation
technique.

The method of supervised classification in urban studies
is widely used because this method is more authentic than
other types of analysis. Supervised classification is a very
important tool that is used for acquiring quantitative
figures from satellite-based data. The classes or land covers

are obtained from the Anderson classification 1972 of the
land covers which is widely used for multi-spectral data.
According to Andersons classification, the classes are divided
into five categories namely built-up, agriculture, fallow land,
bare land, and Water. The classification is performed on three
decadal data (1990,2000, 2010, and 2020) using a maximum
likelihood classifier (MLC). The change detection method
is used to find out the change that has occurred in the last
30 years and to know which land cover is converted into
another land cover in that specific period.

2.3.5. Future Urban Expansion Prediction Using

Cellular Automata Model
To understand the complexity of urban areas, the Cellular
automata model (CA) is widely used to predict and
understand the future scenario of any area of the world over
a time period. The integration of geographic information
systems and the Cellular automata model create the
simulations of urban development. The working concept
of the CA model in urban studies starts after the result of
supervised classification. The classified images of the initial
year and final years were used as input as well as some
variables like the digital elevation model of the study area,
slope, Aspect, Distance from the road and distance from
the river, etc. The system processes this information with
the help of MOLUSCE Plugin which is worked in Q GIS
software. The initial and final land cover maps were used for
predicting future urban expansion for 2030, 2040. The CA-
Markov model was applied through the following formula
with modification:

Untn (t+ 1) = Py - Untp (1) Eq (5)

where:

Uy (t41): It represents the urban expansion rate of Multan
at time t+1

Upn (1): It denotes the urban expansion status at time t

and

Py: It represents the transition probability matrix CA-
Markov model which is used for predicting urban expansion
of Multan City for the years 2030 and 2040.

The transition probability matrix (P;) can be calculated using
the following Equation (6) and (7).

Pl,l P1.2 b Pl,N
B, Bz... By
AR 2 Eq (6)
[Py =1 d
fl’NJ P.’N.z l;’N,N
0< Pij <1 Eq (7)

In the above Equation (6), P;j represents the probability of
transitioning from the current state i to another state j in the
subsequent time period. P is the transition probability, and
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Py denotes the state probability at any given time. The value
of Pjj ranges from 0 to 1, wherein 0 indicates no probability of
transition while 1 shows a certain transition from one urban
land-use state to urban expansion.

2.3.6. Population growth and statistical analysis
Demography and demographic factors play a very important
role in economic, social, and environmental planning and
decision-making. The relationship between population
growth and urban expansion is very strong. The main force
behind the phenomena of urban expansion is population
growth. Population-wise, Multan City is 3" largest city in
Punjab province, and the population of Multan has increased
rapidly in the last few decades. The population data is derived
from the census reports of the Pakistan Bureau of Statistics
department. The relevant census according to this study is
1998 and 2017 and other relevant years were extracted with
the help of growth rate. The least square regression analysis
is used to find out the relationship between the different
dependent and independent variables.

3. Results

3.1. Temporal Dynamics of Urban Expansion
from 1990-2020
Opver the last three/four decades, Multan City has experienced
accelerated urban expansion and rapid urbanization. The
results of NDBI indicate that a persistent increase in urban
expansion in all directions has been observed in Multan city
from 1990 to 2020 (Fig. 2). The statistical outcome reveals
that significant changes and transformation have occurred
in the urban area during the last 30 years. The built-up
area increased by 54%, from 75 km? in 1990 to 115 km? in
2000. From the result, it is inferred that urban areas were
increased consistently with an annual expansion rate of 5.3%
from 1990-2000 (P;). During P,, the urban area expanded
from 115 km? in 2000 to 180 km? in 2010. During P,, the
urban area increased by 56.6%, with an annual urban
growth rate of 5.6%. During P, the urban area of Multan
City increased by 58.4%, expanding 180 km? in 2010 to 285
km? in 2020 with an annual urban growth rate of 5.84%.
The overall urban expansion indicates that the urban area
of Multan has been expanded about fourfold, growing from
75 km? in 1990 to 285 km? in 2020. Furthermore, the overall
annual urban growth rate in Multan was quite high at 9.5%
increase per annum. On average, the urban area of Multan
has increased by 9.5 km per year, which is indicative of
a rapid urbanization (Fig. 2). The urban area of the Multan
city has increased from 13% in 1990 to 48% in 2020, more
than three times during the last 30 years (Fig. 3). Initially
(1990-2010), the city was growing at a slow pace and it took

two decades to be double. However, 2010 to 2020, it takes
only a decade to be double. This abrupt urban expansion
during this period is driven by multitudes of factors such
as population growth, development of colonies, economic
development and rural-urban migration. However, it is
primarily attributed to the development of new colonies.
During 2010-2020, hundreds of developmental projects were
started. According to Figure 4, more than 50 new housing
colonies were launched in Multan city with most of them to
be developed in the agricultural land. Besides this, economic
and health and educational facilities within the Multan city
have been improved and increased during this period. Due
to these facilities, people migrated from the surrounding
rural areas to Multan city.

3.2. Urban Land Use/Cover Changes and Future
Prediction Using CA Markov Model

Land use/cover changes are an essential aspect of the urban
growth, development and urban sprawl of Multan city. The
built-up environment of the Multan city is increasing rapidly
resulting in obvious socioeconomic and environmental
challenges. To validate and cross-check, the result of NDBI,
multi-spectral satellite imaginaries were analyzed through
MLT. The images were categorized into five land use/cover
classes including built-up, agriculture, water, barren land and
fellow land. Supervised classification was employed for the
multi-spectral temporal images (1990, 2000,2010,2020), and
the Markov model was conducted for future prediction and
simulations for 2030 and 2040.

The spatial distribution of urban land use/cover of the
Multan City has been mapped in Figure 5. The result reveals
that significant changes and transformations have been
experienced in various land cover classes between 1990 and
2020. The statistical results indicate that the built-up area of
Multan city covered 80 km?, agriculture spanned 319 km?,
barren land covered 55 km?, fallow land encompassed 103
km? and water bodies accounted for 28 km? of the total area
of Multan city in 1990. During 1990-2000 (P,), the built-up
area increased significantly by 38%, from 13.6% in 1990 to
19% in 2000 of the total area of Multan city, while agricultural
land decreased by 3.4%, from 54.5% to 52.6% during the
same period. Built-up/urban areas have increased from 19%
to 32%, while agricultural areas declined from 52.6% to
50.9% during P,. Therefore, it is inferred that the urban area
of Multan City was expanded by more than three times, from
80 km? in 1990 to 299 km? in 2020. It can be attributed to the
shrinkage of agricultural land, barren areas and fallow land.
The barren areas decreased steadily from 55 km? in 1990, 53
km? in 2000, 38 km” in 2010 and 8 km? in 2020. The barren
land of the study area which serves as rangeland and grazing
ground for livestock has been contracted by more than six
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times resulting in obvious consequences such as a decrease
in animal husbandry, and a shortage of meat, milk and dairy
production. Similarly, fallow land decreased by 62%, from
103 km? in 1990 to 39 km? in 2020. Furthermore, water
bodies have also shrunk by 57% between 1990 and 2020.
The Markov model was applied for the LULC prediction
for the years 2030 and 2040. The CA-Markov model
projected that the urban/built-up area of Multan city will be
increased by 54%, from 299 km? in 2020 to 319 km? in 2030.
In 2040, the built-up area will be increased by approximately

A (1990)

397 km? (67%), projected to increase by 435 km? in 2050.
Similarly, the agricultural land will be converted to other
land use due to uncontrolled horizontal urban development.
Consequently, the agricultural land will be reduced from
226 km? in 2020 to 222 km? in 2030. In 2040, it will be
decreased to 130 km? (22%) (Figs 5, 6). From the result of
future land use land cover change prediction, it is inferred
that the fast and haphazard urban growth will lead to
even more significant environmental and socioeconomic
challenges.

B (2000)

Legend [ water [T Bare land
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Figure 5. Urban Land Use Transformation and Prediction in Multan City, 1990-2040
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3.3. Population Growth and Urbanization

Population growth is the most important trigging factor
behind the increasing of built-up areas in the study region.
Generally, rural-to-urban migration and population
increase within the urban area are the two main reasons for
population growth in urban areas. Multan City is a major
and important city in this region playing the role of regional
headquarters of different sectors including the commercial,
agriculture, health education etc.

The urban area is divided into three categories including
Multan corporation, Multan cantonment and Multan revenue
estates (Mouzas). According to the census of 1998, the total
population was 1,613,917 (Multan Corporation 1,078,245,
Multan cantonment 19,139, Multan revenue estates 516,533)
and in the census of 2017 the total population was 2,651,549
(Multan Corporation 1,826,546, Multan cantonment 45,297,
Multan revenue estates 779,706). The total increase in the
population in 19 years is 1,036,632 (Fig. 7).
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3.4. The Shrinking and Contraction
of Agricultural Land

Urban expansion in Multan city is an unavoidable phenom-
enon that ultimately converts the fertile and most productive
agricultural land into urban land which may negatively im-
pact the food and livelihood security of the local inhabitants.
The results of NDVT indicate that the agricultural area has
experienced a significant decline since 1990. The area covered
by agricultural land was 320 km? in 1990, which decreased
to 305 km? in 2000. From 1990-2000, agricultural land
decreased by 4.6%, with an annual decline rate of 1.5 km?.
During 2000-2010, agricultural land has been contracted by
5%, reflecting a decrease of 1.5 km? per year. From 2010-2020,
agricultural land has further shrunk by 24%, from 290 km? in
2010 to 220 km? in 2020. The conversion of agricultural land
into non-agricultural land is going on at an alarming rate of 7
km? per year. The overall change result of NDVT indicates that
about 31.3% of agricultural land area has been transformed
to an urban area. From the result it is inferred that about 100

A (1990)

C (2010)

Legend [ Agriculture [0 Non-Agriculture

km? of fertilized agricultural land which was very famous
for Mangoes production was lost during 1990-2020 (Figs 8,
9). This loss of agricultural land can be attributed to urban
expansion encroaching upon agricultural areas.

3.5. Intricate Interplay between Buil-up area (NDVI)
and Agricultural land (NDBI)

Over the last three decades, the abrupt urbanization
and the haphazard expansion in the built-up area posed
significant challenges and major threats to agricultural land
in Multan city. They are the major driver and catalysts of
the conversion of agricultural land into built-up areas in
Multan city. Therefore, the relationship between built-up
areas (quantified by NDBI) and agricultural land (measured
by NDVI) was developed for the year 1990, 2000, 2010, and
2020, indicating that there is a strong inverse association
between urban expansion and agricultural land for all the
study periods. In 1990, a strong negative relationship between

B (2000)

D (2020)

3 6 12 18

0 24
T ————— w— Kilometers

Figure 8. Temporal Analysis of Agricultural Land Using NDVI, 1990-2020
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Figure 9. Agricultural Land Dynamic in Multan City, 1990-2020

NDBI and NDVI was reported, with a statistical value of
r > -0.75. During 1990-2000, the strength of the negative
correlation between NDBI and NDVT increased slightly, with
the R? value of -0.75 in 1990 to -0.83 in 2000. Therefore,
it is evident that a consistent trend of urban expansion

1990

negatively impacts the fertile and productive agricultural
land of the Multan city. In 2010, the inverse correlation
between NDVI and NDBI persisted, the strength of the
negative relationship increased from r value of -0.83 in 2000
t0-0.91in 2010. During 2010-2020, the intensity of negative
correlation between NDVI and NDBI increased significantly,
as indicated by the r value of -0.96 in 2020. Consequently, the
accelerated and intensified urban expansion has increasingly
exerted a negative impact on the agricultural land of Multan
city during 1990-2020 (Fig. 10).

3.6. Spatiotemporal Transformation and Change
Detection in Urban Area

Change detection analysis for the specified three time periods
was conducted and the statistics are shown in Figure 11. The
findings of the change detection map of urban expansion
and other LULC indicate that approximately 45.3% of
the total area of Multan city has experienced significant
change and transformation, while the remaining 54.7%
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of the area remained unchanged during P; (1990-2000).
During Py, the highest positive change has been observed
in the built-up area which increased by 16.2%. This abrupt
increase is attributed to the conversion of agricultural land
(7.5%), fellow land (4.7%), barren (3.6%), and water (0.3%),
respectively (Table 3). Hence, it is apparent that a high
percentage of the agricultural area has been converted into
a built-up area, during P;. The change detection map of P,
shows that about 49.3% of the total area has been changed,
while the 50.7% of the total area Multan City remained
unchanged during the decade 2000-2010. During this period,
major negative changes have occurred in agricultural land,
barren land, water bodies and fellow land, which mostly
converted into built-up areas. However, a major positive

A) 1990 - 2000

B) 2000 - 2010

C) 2010 - 2020

change has occurred in the built-up area which increased
by 30.6% during 200-2010.

During 2010-2020, the rate of LULC has increased and
approximately 55.6% of the area of Multan city has witnessed
significant transformation. The urban area has increased
by 40.5%. The statistics of the built-up area for the years
2010-2020 show that the change from agriculture to build-
up was 21.8% and the other land covers 18.64%. During
2010-2020, more than 18% of fertile agricultural land was
converted into built-up area. Additionally, agricultural area
was also converted to barren land, and fallow land due to
desertification processes. However, during the same period,
some of the area of fallow land (3.5%) was converted back
to agricultural land (Table 3).

Legend

Symbol Class Name

l:l Barren --> Water
- Vegetation --> Water
- Fallow Land --> Water
B cuitup > Water

Water --> Barren
- Vegetation --> Barren
- Built-up --> Barren
- Fallow Land --> Barren
I:l Water --> Fallow Land
l:l Barren --> Fallow Land
l:l Built-up --> Fallow Land
l:l Vegetation --> Fallow Land
l:l Water --> Vegetation
- Built-up --> Vegetation
- Fallow Land --> Vegetation
|: Barren --> Vegetation
l:l Water --> Builtup
- Barren --> Built-up
- Fallow Land --> Built-up
- Vegetation --> Built-up

Figure 11. Change Detection in
Urban Area and other LULC from
1990-2020



Shrinking agriculture in the arid landscapes of the Cholistan Desert 69

Table 3. Change Detection in Urban Area and other LULC from
1990-2020

Land covers 1990-2000 | 2000-2010 | 2010-2020
From To Area (%) Area (%) Area (%)
Barren 0.14 0.10 0.01
Vegetation 3.21 1.65 0.61
Water -
Built-up 0.36 0.48 0.12
Fallow Land 0.86 0.61 0.01
Water 0.10 0.07 0.04
Vegetation 0.55 0.36 0.06
Barren -
Built-up 2.60 7.90 6.30
Fallow Land 0.81 0.15 0.19
Water 1.37 0.7 0.93
Vegeta- Barren 1.83 1.52 0.85
tion Built-up 4.58 6.3 14.90
Fallow Land 7.07 4.26 3.38
Water 0.19 0.04 0.33
. Barren 2.94 1.06 0.37
Built-up -
Vegetation 2.35 4.22 2.41
Fallow Land 2.92 0.67 2.38
Water 0.66 0.06 0.84
Fallow |Barren 1.25 0.8 0.05
land Vegetation 7.69 7.35 3.59
Built-up 3.72 7.01 2.22
No Change 54.79 54.69 60.42

4. Discussion and Conclusions

Since 1990, significant changes and palpable transformations
have been witnessed in the urban environment of Multan city.
The major change has been experienced in the urban built-
up environment of Multan city which increased significantly
over the last three decades. The findings of this study reveal
that persistent increase, haphazard and horizontal urban
expansion in all directions have been observed in Multan
City from 1990 to 2020. Over the past three decades, the
urban area of Multan City has increased more than four
times, and currently, the city is expanding at a rapid rate
of 9.5 km per year corresponding to rapid urbanization.
The rate of urban expansion is very high compared to other
cities of Pakistan. The increase in the built-up area was
more pronounced between 2010 to 2020 due to rural-urban
migration from the surroundings and the development
of new housing colonies. This rapid urban expansion is
driven by a multitude of factors, including population
growth, geopolitical and policy changes, the development of
colonies, economic development, and rural-urban migration.
The abrupt urban expansion is an indicator of economic
development; however, it triggers numerous socio-ecological
and economic challenges, including loss of agricultural

land, food and livelihood insecurity, environmental and
biodiversity degradation, reduced ecosystem services,
increased greenhouse gas emissions, urban heat island
effect, heightened pollution (i.e., noise, light, soil, and water),
increased municipal costs, and spatial segregation of natural
habitats, and different environmental hazards (e.g., heat
waves and increasing land surface temperature) (Dupras &
Alam, 2015; Khan et al.,2021; Zhou et al., 2015; Arshad et al.,
2020; Haider et al.,2025). Overall, it is inferred that the surge
in the built-up area has affected agricultural land, fallow land
and barren land of the study area.

The peripheral and suburban area of Multan city is highly
fertile agricultural land renowned for producing top-quality
agricultural products, particularly mangoes. However, our
findings reveal that the unplanned new development of
colonies and horizontal urban expansion has encroached
upon this valuable agricultural land of Multan City. About
31% of the agricultural land has been converted into built-up
environments within a short span of time from 1990 to 2020.
Furthermore, this trend of agricultural land conversion/
urbanization is ongoing at an alarming rate. The LULC
prediction result indicates that the built-up area will increase
by about 67%, and 60% of the agricultural land will be lost
by 2040. This poses significant threats and jeopardizes food
and livelihood security, as well as environmental degradation
in Multan City.

From the analysis, it is revealed that there is a strong
negative association between wurban expansion and
agricultural land. Similar to other urban cases (Arshad et
al., 2020), the increase in the built-up area has resulted in
a decrease in the proportion of agricultural land. According
to the validation data, it is inferred that a consistent trend
of urban expansion negatively impacts the fertile and
productive agricultural land of the Multan city. Moreover,
the accelerated and intensified urban expansion has
increasingly exerted a negative impact on the agricultural
land of Multan city during 1990-2020. This change not
only threatens the livelihoods and food security of local
inhabitants but also undermines the resilience of agriculture,
livelihood sustenance and economic stability at regional and
national levels. This research emphasizes the imperative
of policy formulation to mitigate uncontrolled horizontal
urban expansion encroaching upon fertile agricultural land.
The findings of this study provide manced insight to urban/
town planners, decision-makers, and relevant authorities for
the formulation of strategies for sustainable future of urban
areas and agriculture.
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