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Abstract 

Land use land cove change (LULC) describes how human activities have altered the natural landscape 

including forest cover, pastures and water bodies into urban settings. Rapid population growth with 

urbanization has changed the land surface in almost every part of the world especially developing 

countries. Current study is the comparative analysis of LULC between Sargodha district (a plain area) and 

Kaghan Valley (a tourist hill station). The study was conducted over a period of 20 years using satellite 

images of both sites. These images were obtained from USGS website and classified through supervised 

classification scheme to create land use maps. The results revealed that natural land cover on both sites 

decreased while the built up area increased significantly during the time period. The results showed that 

built up area in Sargodha increased 42% during 2000-2020 while it increased 14% in Kaghan Valley during 

the same period. Vegetation cover decreased from 59.68% in 2000 to 36.69% in 2020 in Sargodha district. 
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1. Introduction 

Land use Land cover change (LULC) is basically the conversion of natural land cover into man -made land 

uses over a specified time period (Ashraf et al., 2022). These LULC studies have gained the interest of 

many researchers in recent past as the human activities are swallowing the natural vegetation cover rapidly 

(Gul et al., 2023). This is not only disturbing the equilibrium of the land surface but also causing climate 

change and other natural hazards. Many anthropogenic activities are causing severe damage to natural 

ecosystem (Bhalli, 2013). Physical environment is being altered by human activities at previously unheard 

rates (Turner et al., 2014). Urbanization along with industrialization and the support of rapid population 

growth have brought significant changes over the surface of earth (Thandar, 2012). GIS and remote sensing 

are the most powerful tools to detect LULC especially in urban settings. 

A spatio-temporal analysis of land use and land cover (LULC) examines how land use patterns change over both space and 

time (Qasim et al., 2024). This analysis is essential for understanding the impact of natural and human activities on landscapes 

and ecosystems (Anwar & Qasim, 2024). By utilizing remote sensing, GIS techniques, and historical data, researchers can track 

changes in forests, agricultural lands, urban areas, and water bodies over different time periods. This information is crucial for 

sustainable land management and environmental conservation (Farooq et al., 2023). 

The changes in LULC are driven by various factors, including population growth, economic expansion, urbanization, climate 

change, and government policies (Bashir & Ahmad, 2017). For example, rapid urban expansion often leads to the conversion of 

agricultural or forest land into built-up areas, while deforestation for farming and infrastructure development alters the natural 

ecosystem (Li et al., 2014). Identifying the key drivers behind these changes helps in formulating effective land use policies and 

planning strategies to balance development and environmental protection (Qasim et al., 2024). 
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The rapid urban sprawl is causing a drastic negative change in the vegetation cover of Pakistani landscape 

(Shaheen et al., 2015; Nasar-u-Minallah et al., 2021). Jiang et al., (2020) concluded that change in the built 

up area is inversely correlated with the amount of precipitation. In urban areas, vegetation is crucial to 

improving the micro climate and comfort of the outdoor air. Dense vegetation can have significant cooling 

effects (Nalawade et al., 2022). Climatic data of Jehlum district over 30 years revealed that LULC has 

resulted in increase in temperature and variations in precipitation pattern (Majeed et al., 2021). 

One of the major characteristics of land use is the increase in built up area that has been getting significant 

consideration in many studies (Liu et al., 2005). During recent decades, use of GIS and remote sensing for 

data analysis, data manipulation, digital mapping and modeling LULC have proved basic and most 

important tool for such studies (Batisami & Yernal, 2009; Bhatta, 2010). The application of GIS and 

remote sensing techniques are more accurate, time efficient and flexible than the conventional methods 

(Wu et al., 2006).  

Changes in land use and land cover have significant effects on the environment because LULC is directly 

related to the degradation of the land over time and produces numerous environmental changes (Deng et 

al., 2009). Establishing connections between regulatory actions, policy choices, and subsequent LULC 

activities requires tracking the distributions and locations of LULC changes (Hussain et al., 2020). 

Sargodha is fast growing urban center in the Punjab province while Kaghan valley is an attractive tourist 

summer resort. Both have witnessed dramatic change in the land use and land cover during past couple of 

decades. In current study, an attempt has been made to compare LULC between the two sites using GIS 

and remote sensing techniques (Riaz et al., 2017). 

Spatial variations in land use changes highlight regional differences in land transformation. Coastal cities may experience urban 

sprawl due to economic opportunities, whereas mountainous regions may face deforestation driven by agriculture or logging 

(Qasim et al., 2023). Similarly, desertification in arid regions and wetland degradation due to industrial activities are location-

specific challenges that require tailored solutions. Understanding these spatial patterns aids in prioritizing areas for intervention 

and sustainable land use practices (Yasin & Qasim, 2020). 

Various methods are used for spatio-temporal analysis, including satellite imagery, remote sensing data, and machine learning-

based classification models. Time-series analysis and change detection techniques help in quantifying how land cover has 

evolved over decades. These tools allow researchers and policymakers to predict future trends and make informed decisions for 

urban planning, conservation efforts, and disaster risk management (Hashim et al., 2024). 

The implications of spatio-temporal LULC analysis are significant for sustainable development. Effective land use planning can 

reduce environmental degradation, promote biodiversity conservation, and support climate change adaptation strategies (Parveen 

et al., 2023; Qasim et al., 2024). By integrating technological advancements with policy measures, governments and 

organizations can ensure that land resources are used efficiently while minimizing negative environmental impacts (Riaz et al., 

2017). 

1.2 Study Area 

The study area of Sargodha district lies at 32.0740° N, 72.6861° E covering an area of 5854 km2. It has 

semi-arid type of climate where summer is hot with average temperature of summer months reaches 38° C 

while the winter is mild with average temperature ranges between 11° to 20°C. On the other hand the 

Kaghan Valley is a famous tourist resort at an average altitude of 7500 feet. It has mild to warm 

temperatures during summer months and cool to cold temperatures during winter months. Snowfall is 
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common during winter. It lies at 34.5417° N, 73.3500° E. According to 2017 census, population of 

Sargodha district was 37,03,588 (GoP, 2017). Figure 1a and1b depicts the location of both the sites. 

 
Figure 1a: Location Map of Sargodha 
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Figure 1b: Location Map of Kaghan Valley 

2. Material and Methods 

2.1 Data acquisition 

This study is primarily based upon spatio temporal satellite images of the study area from 2000-2020. 

Three images of both the areas for the year 2000, 20210, and 2020 were acquired from USGS. Major 

characteristics of these images are shown in table 2.1. After acquiring satellite images, these images were 

stacked, rectified and study area was extracted. Population data of the area was obtained from Pakistan 

Bureau of Statistics. The data manipulation and interpretation was performed using Erdas Imagine and GIS 

software. A field survey was also conducted during the summer season to obtain Ground Control Points 

(GCPs) for ground truthing. These GCPs were collected using Global Positioning System (GPS) to verify 

the ground data with the satellite images. The historical images of the study area sites from Google Earth 

Engine were also consulted to remove any discrepancy in historical data of land use and land cover. 

Table 2.1: Temporal Satellite Images Sources  

Data Year of 

Acquisition 

Bands/Color Resolution Spectral 

Resource/bands 

Source 

Landsat 7 2000 Multi-Spectral 30 Band 1-Band 7 USGS 

Landsat 7 2010 Multi-Spectral 30 Band 1-Band 7 USGS 

Landsat 8 2020 Multi-Spectral 30 Band 1-Band 7 USGS 

2.2 Methodology 
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Research methodology is a crucial part of any study. The whole process of the study is illustrated in figure 

2.1 in a flow chart. The image processing procedure involves preprocessing, processing, classification 

scheme, identification of signatures and preparation of classified maps. To achieve the land use land cover 

statistics, first of all, different layers of the downloaded images were stacked than all the images were geo-

referenced to a common coordinate system of UTM and WGS84 datum. The vector layers of Sargodha and 

Kaghan Valley were used to clip the images of study area.  

Supervised classification scheme was applied with maximum likelihood algorithm to map the land use 

changes on all six satellite images. The maximum likelihood algorithm is based on probability. It evaluates 

a predetermined group of classes and assigns the pixel to the class with the highest probability (Unger-

Holtz, 2007). Nevertheless, it stands out as one of the frequently employed algorithms for supervised 

classification (Wu & Shao, 2002; Mclever & Friedl, 2002; Maqbool, 2022). 

 

 
Figure 2: Flow diagram of Methodology 

Following four classes of land use were established to achieve the required objective: 

a) Built up area 

b) Vegetation cover 
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c) Water bodies 

d) Barren land 

After classification of these images, accuracy assessment was performed using following equation of 

Kappa Index, and the pixel based results of all four land uses were extracted. 

 
3. Results and Discussion 

Figure 3.1 and 3.2 depicts the land used changes occurred during 2000 - 2020 in both the study areas. Table 

3.1 reveals that the vegetation cover of Sargodha decreased from 59.89% in 2000 to 54.60% in 2010 and 

36.69% in 2020. The built up area in Sargodha increased from 11.34% to 27.95% in 2010 and 53.03% in 

2020 describing an overall increase of 41.69%. The water bodies decreased from 16.58% in 2000 to 7.02% 

in 2010 and 6.28% in 2020. The barren land decreased from 12.17% in 2000 to 0.41% in 2010 and again 

increased to 3.98% in 2020. Whereas in Kaghan valley, vegetation cover increased from 30.12% in 2000 to 

52.11% in 2010 while decreased to 44.28% in 2020 providing that the area under vegetation cover 

increased 14.16%. The built up area in Kaghan valley increased from 2.57% in 2000 to 18.90% in 2010 and 

30.59% in 2020 which means overall built up area increased 28.02% in Kaghan valley. However, the water 

bodies and barren land in Kaghan Valley during 2000-2020 decreased 66.88% and 10.09% respectively. 

Table 3.1: Land Use Statistics of Sargodha and Kaghan Valley for the year 2000 and 2010 

 

2000 2010 

Land Use Sargodha Kaghan Sargodha Kaghan 

Vegetation 59.89% 30.12% 54.60% 52.11% 

Built-up 11.34% 2.57% 27.95% 18.90% 

Water 16.58% 52.98% 7.02% 14.86% 

Barren 12.17% 14.32% 0.41% 14.11% 

Table 3.2: Land Use Statistics of Sargodha and Kaghan Valley for the year 2020 and change 

 

2020 Change 2010-2020 

Land Use Sargodha Kaghan Sargodha Kaghan 

Vegetation 36.69% 44.28% -23.2% 14.16 

Built-up 53.03% 30.59% 41.69% 28.02% 

Water 6.28% 20.88% -10.3% -66.88% 

Barren 3.98% 4.23% -8.19 -10.09% 

 

The results for different land uses in both the study area between the year 2000 to 2020 reveals that the 

vegetation cover in Sargodha decreased by 23.2%; built up area increased by 41.96%; water bodies 

decreased by10.3% and the barren land decreased by 8.19%. On the other hand, vegetation cover in 
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Kaghan Valley increased by 14.16%; built up area increased by 28.02%; water bodies decreased by 66.88% 

and the barren land decreased by 10.09%. 

 
Figure 3.1: Land Use Maps of Sargodha 

 
Figure 3.2 Land Use Maps of Kaghan Valley 
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4. Conclusion 

Present study has effectively utilized the temporal images of Sargodha and Kaghan to explore the land use 

changes over time. It has been concluded that the built up area of both the sites has increased i.e 41.69% for 

Sargodha and 28.02 % for Kaghan. This increase in built up area reflects the ever-increasing population in 

Pakistan. Interestingly, Water bodies for both sites have decreased significantly. It proves the water 

shortage is getting worse in Pakistan. In 2017, Pakistan ranked 8th lowest country in the world in terms of 

water resources. However, the vegetation in Kaghan increased while it decreased in Sargodha. The 

decrease in vegetation cover in Sargodha is alarming as this decrease reflects the lessening of agricultural 

land that ultimately affects the food resources of the country. This study will help in understanding the 

spatial and temporal land use changes that have occurred over time. 
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