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Abstract: Over the last three decades, Tehsil Mardan has gone through an incredible expansion of 

the built-up layer. This study explored the land use land cover changes of Tehsil Mardan from 1990 

to 2021 along with population dynamics by applying geographic information systems and remote 

sensing techniques. Landsat satellite images for the years 1990, 1995, 2000, 2010, 2015, and 2021 were 

used for land use land cover classification. Maximum likelihood Supervised algorithm and confu-

sion matrix were applied for classification and accuracy assessment respectively. Classification re-

sults outlined that there is a substantial increase in the built-up layer from 37 km2 to 188 km2 and a 

significant decrease in bare land class from 437 km2 to 252 km2 from 1990 to 2021. The classification 

process's overall accuracy was 87.42% to 98.30%, and Kappa Coefficient was from 0.82 to 0.97. Pop-

ulation dynamics were also studied in the present study and found that the total population of tehsil 

Mardan was 502,435, 864,017, 1,403,002 in 1981, 1998, and 2017 respectively, which was further fore-

casted based on historical trends till 2027. Statistical analysis found a strong positive correlation 

(0.98) between built-up and population and a significant negative correlation (−0.91) between pop-

ulation and bare land. Based on the findings of this study, policymakers should be able to better 

plan future land use and associated possibilities while keeping environmental threats and opportu-

nities in mind. 
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1. Introduction 

Global land use has changed by one-third over the last decades once or multiple 

times [1]. The dynamic conditions of land use land cover changes (LULC) have given birth 

to various socio and environmental issues like degradation of the ecosystem, food secu-

rity, water, and climatic variation [2–4]. According to [5] in 1950 only 30% of the global 

population was residing in urban areas which increased to 55% in 2018 and is projected 

to be 68% by 2050. About 90% of the projected increase will be happening in developing 

countries. Urban growth is attributed to population flare-ups and rural-urban migration. 

A developing country like Pakistan is urbanizing with an annual growth rate of 3%, which 

is the highest in South Asia [6]. This growing population will require natural resources 

for survival such as energy and water [7]. Urbanization has become a widely known 
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reality [8] and poses serious threats to environmental resources such as water quality and 

quantity, vegetation (deforestation), and agriculture [9]. Urbanization creates negative im-

pacts on socioeconomic conditions and biophysical factors[10], such as a high rate of ur-

banization will result in a larger impervious cover layer and eventually will reduce infil-

tration capacity [11]. It was recently revealed that uncontrolled urban sprawl will limit 

water availability in its intensity, duration, and frequency [12]. The speedy conversion of 

permeable earth surface to impervious cover due to land use and land cover changes have 

triggered regional as well as local environmental impacts [13,14]. According to the Paki-

stan Bureau Statistics, and World Bank 2017 reports, Pakistan ranked 6th in the list of most 

populous countries in the world. Since its inception urbanization is a key factor in land 

use and land cover changes [15,16]. Globally these changes have modified the earth’s sur-

face by two third over in the last thousand years [17,18]. The expertise of LULC changes 

would improve the current land use policies and practices based on scientific data for 

sustainable environmental development [19]. Land use of an area represents its natural 

and anthropogenic environmental characteristics [20–22]. Increasing built-up trigger, the 

impervious cover which ultimately results in a high amount of runoff and decline of 

groundwater recharge [23–25]. Remote Sensing (RS) and Geographic Information System 

(GIS) are largely applied and recognized as a leading procedure to assess and examine 

land use dynamics. Satellite imagery data was successfully used for the assessment of 

LULC change analysis for the last 30 years [26–28]. Population increase along with no 

policy for land use resulted in an alarming situation [29], as the built-up layer has been 

increased at the cost of cultivable land [30] in tehsil Mardan. Therefore, assessment and 

quantification of the current and historic land use land cover changes over spatio-tem-

poral scales along with population dynamics are necessary for all types of policy making 

to comprehend the associated environmental issues on both regional and local scales.  

2. Study Area 

Tehsil Mardan was chosen based on its rapid urban and population growth over the 

last three decades (Figure 1). Mardan is the 2nd larger city after the provincial capital Pesh-

awar of Khyber Pakhtunkhwa and 23rd on the list of the biggest cities of the country. The 

climatic conditions of Mardan range from hot to semi-arid. The average annual tempera-

ture remained 22 °C with June being the hottest month and total annual rainfall was 560 

mm, with August having the highest rainfall of 122 mm. Since 1990 Mardan witnessed a 

shift in population growth and spatial change [31], and was recognized as a business circle 

for the adjoining districts of Khyber Pakhtunkhwa. 
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Figure 1. Location map of the study area ((A)-Country, (B)-Province, (C)-District, (D)-Tehsil Mar-

dan). 

3. Methodology and Dataset 

3.1. Land Use Land Cover Classification and Change Detection 

Both primary and secondary data sets (literature and published reports) were ac-

cessed and analyzed during the current study. To know the extent and space of urbaniza-

tion, Landsat satellite imageries were downloaded from the USGS website 

(https://earthexplorer.usgs.gov/). A detailed methodological approach applied for the as-

sessment of LULC changes and change detection is displayed in Figure 2. Methodological 

flow chart Landsat imageries were used in various studies for the assessment of land use 

land cover (LULC) changes on a spatiotemporal scale [32–34]. The temporal interval was 

5 years; however, 2005 imageries were not included in the list due to the non-availability 

of the imageries data from 2003 to 2007 over the study area. Imageries for the years 1990, 

1995, 2005, 2010, 2015, and 2021 were downloaded as per the given details in (Table 1). 

The downloaded imageries were passed through the radiometric and geometric correc-

tion process [35]. Radiometric calibration and atmospheric correction techniques are re-

quired for spatial change assessment [36,37]. Four land use land cover classes were se-

lected based on the intended objective and maximum representation of the study area 

(Table 2). ENVI 5.3 software was used for land use land cover assessment and change 

detection analysis. Sufficient and accurate training samples of each class were collected 

[38] for classification process by using various band combinations, Google Earth historical 

preview, local knowledge, and ground truth points [38]. Supervised classification tech-

nique based on maximum likelihood algorithm was used [39,40] for classification of LULC 

of tehsil Mardan from 1990 to 2021. The accuracy assessment technique is used for the 

calculation of classification accuracy quantitively [37,41–43], while the change detection 

technique is employed for quantification and assessment [43] of land cover changes dur-

ing the study period over time [44,45]   

 

Figure 2. Methodological flow chart. 
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Table 1. Landsat Satellite Imageries Data for Detection LULC. 

 

Table 2. Land use classes description. 

 

3.2. Population Data 

Population data was obtained from the Pakistan Bureau of Statistics for population 

census for 1981, 1998, and 2017. Using the inter-census annual growth rate (ICGR) for-

mula, the inter-census annual population was calculated by Equation (1). The Exponential 

Smoothing Forecast function in Microsoft Excel was used to project/forecast population 

statistics from 2017 to 2021 and onward till 2027. Using time series historical population 

data, this technique might forecast future population Equation (2) [46]. 

ICGR = X + XR  (1) 

whereas X is the population of the previous year and R is the census reported growth rate 

factor.  

Forecast = FORECAST.ETS (target year, values, timeline, [seasonality], [data completion], [aggregation]) (2) 

4. Results and Discussion 

4.1. Land Use Land Cover Dynamics and Accuracy Assessment  

The overall results of the LULC assessment showed that the built-up class remains 

on a continuous increase from 1990 to 2021 [47], however, the bare land class was showing 

a decreasing pattern of change (Error! Reference source not found. and Error! Reference 

source not found.). LULC assessment results of tehsil Mardan for the years 1990, 1995, 

2000, 2010, 2015, and 2021 are displayed in Error! Reference source not found. LULC for 

1990 showed the built-up class was 37 km2 (4%), vegetation was recorded 441 km2 (47%), 

surface water bodies covered 21 km2 (2%), and Bare land spread over 437 km2 (47%). Bare 

land and vegetation land cover were equal in 1990 [47]. In 1995 the LULC of tehsil Mardan 

was comprised of 61 km2 as built-up, 527 km2 as vegetation class, 12 km2 as surface water 

bodies, and 399 km2 as bare land. After 10 years in 2000, the land cover pattern results 

showed an increase in built-up (83 km2) and vegetation (527 km2), however, water bodies 

were found 18 km2, and bare land decreased to 308 km2. In 2010 the LULC composition 

showed expansion in the built-up layer (101 km2) and a slight decrease in vegetation class 

(516 km2) as compared to 2000 LULC results. In 2021 the LULC was composed of 52% 

Vegetation and 20% built-up, and 27% bare land. The net change in LULC from 1990 to 
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2021 in tehsil Mardan was observed 408% increase in built-up class, 10% increase in veg-

etation sector, while the bare land and water bodies decreased by 52% and 42% respec-

tively. Overall classification accuracy for the years under study was more than 90 % except 

for 2010. Kappa Coefficient was also recorded above 0.80 for all the imageries (Error! Ref-

erence source not found.). 

Table 3. Accuracy Assessment. 

Year/Parameter 1990 1995 2000 2010 2015 2021 

Overall Accuracy (%)  97.25 96.69 94.15 87.42 94.71 98.30 

Kappa Coefficient  0.95 0.95 0.91 0.82 0.88 0.97 

 

Figure 3. LULC of Tehsil Mardan from 1990 to 2021.  

 

Figure 4. Land use land cover maps of tehsil Mardan. 
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Figure 5. Spatial Change Detection from 1990 to 2021. 

 

Figure 6. Change Detection from 1990 to 2021. 

4.2. Spatio-temporal Change Detection from 1990 to 2021 

Change detection technique was applied to evaluate and measure various transitions 

from one land use class to another. The present study focused on the already set temporal 

range from 1990 as the base map (LULC) and 2021 as the final land use land cover map. 

The transition between these targeted years was visualized and quantified in Arc Map 

(Error! Reference source not found. and Error! Reference source not found.). Significant 

transitions were observed among the land use classes, wherein bare land changed to veg-

etation class (173.4 Km2), the vegetation changed to built-up layer (86.1 km2), bare land 

changed to built-up (65.4 km2), and vegetation changed to bare land (49.3) during the last 

three decades. The major contributors to the spatial change are divided into three Factors 

(Error! Reference source not found.). Contributing factors-A, where bare land changed to 

vegetation and built-up by 238.8 km2. Factors-B, where vegetation class has changed to 

built-up and bare land by 135.4 km2. Factors-C, where water class has been changed to 

built-up and vegetation by 16.1 km2. Spatially the vegetation improved in north-eastern 

and south-eastern parts of tehsil Mardan due to the billion tree afforestation project 

[48,49], implementation of Khyber Pakhtunkhwa Forest Ordinance 2002, enactment of 

The Khyber Pakhtunkhwa wildlife and Biodiversity (Protection, preservation, conserva-

tion and management act, 2015, and Forestry Sector Master Plan (FSMP). Conversion of 

vegetation to bare land found in the southwestern parts of the study area near the vicinity 

of the city. It is anticipated that this bare land will be transformed into built-up in the near 

future.    

4.3. Population Change Dynamics of Tehsil Mardan 
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According to the 6th population census 2017, the total population of tehsil Mardan 

was 1,403,002, in which the urban population share was 359,024 and the rural population 

numbered 1043978. Similarly, in 1998, the total population was 864,017 and the urban 

population was 245,926. For 1981 the population data of the district Mardan was propor-

tionally divided based on the current boundaries of tehsils. The forecasted population of 

tehsil Mardan for the years 2021 and 2027 was recorded as 1,580,539 and 1,759,485 respec-

tively (Error! Reference source not found.).  

 

Figure 7. Population dynamics of tehsil Mardan. 

4.4. Correlation Analysis 

Correlation analysis was performed to assess the correlation between the land use 

classes and total population data. The total population showed a strong positive correla-

tion (0.98) with built-up and a strong negative correlation with bare land (−0.90). Built-up 

showed a significant negative correlation with bare land (−0.86). Correlation results are 

depicted in the table.  

Table 5. Correlation Matrix of LULC classes and population. 

 

5. Conclusions and Recommendations 

The current study demonstrated the LULC change dynamics by exploiting RS and 

GIS. The study showed that the built-up layer increased from 3.96% to 20% from 1990 to 

2021. The built-up layer is increasing at the cost of bare land and vegetation cover. The 

main driver behind the increase in the built-up layer is population growth, infrastructure 

development, and provision of basic amities of life in the city. Bare land decreased from 

46.7% to 27%. The population of tehsil Mardan increased from 502,435 in 1981 to 1,544,750 

in 2021.   

It is recommended that further research should be carried out on the impact assess-

ment of LULC changes on environmental parameters such as water quality and quantity, 

and climatic parameters like temperature and precipitation.  

Government should formulate an approved and sustainable land use plan for current 

and future generations of the tehsil Mardan. An awareness campaign should be launched 
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to raise awareness among all stakeholders regarding the negative implication of the built-

up layer and consequent ecosystem degradation. 

Authors Contribution: Conceptualization, Methodology, Analysis = Kamran., M.F.K. and J.A.K.; 

Writing = Kamran, Statistical Analysis = I.H.A., Review & Editing = M.F.K. and I.H.A. All authors 

have read and agreed to the submitted/published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Data is presented in this research paper. 

Acknowledgments: The authors acknowledge the Pakistan provision Bureau of Statistics (Govern-

ment of Pakistan), which provided population data and USGS for Landsat satellite data. 

Conflicts of Interest: The authors declare no conflict of interest. 

References  

1. Winkler, K.; Fuchs, R.; Rounsevell, M.; Herold, M. Global land use changes are four times greater than previously estimated. 

Nat. Commun. 2021, 12, 2501. https://doi.org/10.1038/s41467-021-22702-2. 

2. Song, X.-P.; Hansen, M.C.; Stehman, S.V.; Potapov, P.V.; Tyukavina, A.; Vermote, E.F.; Townshend, J.R. Global land change 

from 1982 to 2016. Nature 2018, 560, 639–643. https://doi.org/10.1038/s41586-018-0411-9. 

3. Winkler, K.; Fuchs, R.; Rounsevell, M.; Herold, M. Global land use changes are four times greater than previously estimated. 

Nat. Commun. 2021, 12, 2501. https://doi.org/10.1038/s41467-021-22702-2. 

4. Wolde, Z.; Wei, W.; Likessa, D.; Omari, R.; Ketema, H. Understanding the Impact of Land Use and Land Cover Change on 

Water–Energy–Food Nexus in the Gidabo Watershed, East African Rift Valley. Nat. Resour. Res. 2021, 30, 2687–2702. 

https://doi.org/10.1007/s11053-021-09819-3. 

5. Nations, U.J.U.N.N.Y., NY, USA, Revision of world urbanization prospects. 2018. 799. 

6. Kotkin, J. and W.J.F.M.A. Cox, The World’s fastest-growing megacities. 2013. 

7. Assessment, M.E. Ecosystems and Human Well-Being: Wetlands and Water; World Resources Institute: 2005. 

8. Newbold, K.B.; Scott, D. Migration, commuting distance, and urban sustainability in Ontario's Greater Golden Horseshoe: 

Implications of the Greenbelt and Places to Grow legislation. Can. Geogr. Le Géographe Can. 2013, 57, 474–487. 

https://doi.org/10.1111/j.1541-0064.2013.12044.x. 

9. Francis, C.A.; Hansen, T.E.; Fox, A.A.; Hesje, P.J.; Nelson, H.E.; Lawseth, A.E.; English, A. Farmland conversion to non-

agricultural uses in the US and Canada: Current impacts and concerns for the future. Int. J. Agric. Sustain. 2012, 10, 8–24. 

https://doi.org/10.1080/14735903.2012.649588. 

10. Jongman, B. Effective adaptation to rising flood risk. Nat. Commun. 2018, 9, 1986. https://doi.org/10.1038/s41467-018-04396-1. 

11. Oni, S.K.; Futter, M.N.; Buttle, J.; Dillon, P.J. Hydrological footprints of urban developments in the Lake Simcoe watershed, 

Canada: A combined paired-catchment and change detection modelling approach. Hydrol. Process. 2015, 29, 1829–1843. 

https://doi.org/10.1002/hyp.10290. 

12. Heidari, H.; Arabi, M.; Warziniack, T.; Sharvelle, S. Effects of Urban Development Patterns on Municipal Water Shortage. Front. 

Water 2021, 3. 

13. Rousta, I.; Sarif, M.O.; Gupta, R.D.; Olafsson, H.; Ranagalage, M.; Murayama, Y.; Zhang, H.; Mushore, T.D. Spatiotemporal 

Analysis of Land Use/Land Cover and Its Effects on Surface Urban Heat Island Using Landsat Data: A Case Study of 

Metropolitan City Tehran (1988–2018). Sustainability 2018, 10, 4433. https://doi.org/10.3390/su10124433. 

14. Zhou, Q.; Robson, M.; Pilesjo, P. On the ground estimation of vegetation cover in Australian rangelands. Int. J. Remote Sens. 

1998, 19, 1815–1820. https://doi.org/10.1080/014311698215261. 

15. Turner, B.; Meyer, W.B.; Skole, D.L. Global land-use/land-cover change: Towards an integrated study. In Ambio; 1994; pp. 91–

95. 

16. Landis, J.D. The California Urban Futures Model: A New Generation of Metropolitan Simulation Models. Environ. Plan. B Plan. 

Des. 1994, 21, 399–420. https://doi.org/10.1068/b210399. 

17. Luyssaert, S.; Jammet, M.; Stoy, P.C.; Estel, S.; Pongratz, J.; Ceschia, E.; Churkina, G.; Don, A.; Erb, K.; Ferlicoq, M.; et al. Land 

management and land-cover change have impacts of similar magnitude on surface temperature. Nat. Clim. Change 2014, 4, 389–

393. https://doi.org/10.1038/nclimate2196. 

18. Shukla, P.R.; Skeg, J.; Calvo Buendia, E.; Masson-Delmotte, V.; Pörtner, H.-O.; Roberts, D.C.; Zhai, P.; Slade, R.; Connors, S.; van 

Diemen, S.; et al. Climate Change and Land: An IPCC Special Report on Climate Change, Desertification, Land Degradation, Sustainable 

Land Management, Food Security, and Greenhouse Gas Fluxes in Terrestrial Ecosystems; 2019. 



Eng. Proc. 2023, 52, x FOR PEER REVIEW 9 of 10 
 

 

19. Huang, A.; Xu, Y.; Sun, P.; Zhou, G.; Liu, C.; Lu, L.; Xiang, Y.; Wang, H. Land use/land cover changes and its impact on 

ecosystem services in ecologically fragile zone: A case study of Zhangjiakou City, Hebei Province, China. Ecol. Indic. 2019, 104, 

604–614. https://doi.org/10.1016/j.ecolind.2019.05.027. 

20. Borrelli, P.; Robinson, D.A.; Fleischer, L.R.; Lugato, E.; Ballabio, C.; Alewell, C.; Meusburger, K.; Modugno, S.; Schütt, B.; Ferro, 

V.; et al. An assessment of the global impact of 21st century land use change on soil erosion. Nat. Commun. 2017, 8, 2013. 

https://doi.org/10.1038/s41467-017-02142-7. 

21. Gerssen-Gondelach, S.J.; Wicke, B.; Faaij, A.P.C. GHG emissions and other environmental impacts of indirect land use change 

mitigation. GCB Bioenergy 2017, 9, 725–742. https://doi.org/10.1111/gcbb.12394. 

22. Li, X.; Chen, G.; Liu, X.; Liang, X.; Wang, S.; Chen, Y.; Pei, F.; Xu, X. A new global land-use and land-cover change product at a 

1-km resolution for 2010 to 2100 based on human–environment interactions. Ann. Assoc. Am. Geogr. 2017, 107, 1040–1059. 

23. Turok, I.; Mykhnenko, V. The trajectories of European cities, 1960–2005. Cities 2007, 24, 165–182. 

https://doi.org/10.1016/j.cities.2007.01.007. 

24. Burghardt, W. Soil sealing and soil properties related to sealing. Geol. Soc. London, Spéc. Publ. 2006, 266, 117–124. 

https://doi.org/10.1144/GSL.SP.2006.266.01.09. 

25. Haase, D.; Nuissl, H. Does urban sprawl drive changes in the water balance and policy?: The case of Leipzig (Germany) 1870–

2003. Landsc. Urban Plan. 2007, 80, 1–13. https://doi.org/10.1016/j.landurbplan.2006.03.011. 

26. Lu, D.; Li, G.; Moran, E.; Hetrick, S. Spatiotemporal analysis of land-use and land-cover change in the Brazilian Amazon. Int. J. 

Remote Sens. 2013, 34, 5953–5978. https://doi.org/10.1080/01431161.2013.802825. 

27. Maity, B.; Mallick, S.K.; Rudra, S. Spatiotemporal dynamics of urban landscape in Asansol municipal corporation, West Bengal, 

India: A geospatial analysis. GeoJournal 2020, 87, 1619–1637. https://doi.org/10.1007/s10708-020-10315-z. 

28. Mallick, S.K.; Das, P.; Maity, B.; Rudra, S.; Pramanik, M.; Pradhan, B.; Sahana, M. Understanding future urban growth, urban 

resilience and sustainable development of small cities using prediction-adaptation-resilience (PAR) approach. Sustain. Cities 

Soc. 2021, 74, 103196. https://doi.org/10.1016/j.scs.2021.103196. 

29. Khan, M.Z.; Gul, H. Impact of Green Revaluationn Variables on Agriculture Productivity in Pakistan. Sarhad J. Agric 2013, 29, 

455–460. 

30. Ali, S.A.R.; Ali, S. Impact of built environment on land use of rapidly growing tehsil Takht Bhai, District Mardan. Sarhad J. Agric. 

2019, 35, 966–975. 

31. Yar, P. Urban Expansion and Its Impact on Agricultural Land of Mardan City. M. Phil Thesis, Department of Geography, 

Peshawar, University of Peshawar, 2014. 

32. Ewane, E.B. Land use land cover change and the resilience of social-ecological systems in a sub-region in South west Cameroon. 

Environ. Monit. Assess. 2021, 193, 338. https://doi.org/10.1007/s10661-021-09077-z. 

33. Liping, C.; Yujun, S.; Saeed, S. Monitoring and predicting land use and land cover changes using remote sensing and GIS 

techniques—A case study of a hilly area, Jiangle, China. PLoS ONE 2018, 13, e0200493. 

https://doi.org/10.1371/journal.pone.0200493. 

34. Shalaby, A.; Tateishi, R. Remote sensing and GIS for mapping and monitoring land cover and land-use changes in the 

Northwestern coastal zone of Egypt. Appl. Geogr. 2007, 27, 28–41. https://doi.org/10.1016/j.apgeog.2006.09.004. 

35. Mukherjee, S.; Bebermeier, W.; Schütt, B. An Overview of the Impacts of Land Use Land Cover Changes (1980–2014) on Urban 

Water Security of Kolkata. Land 2018, 7, 91. https://doi.org/10.3390/land7030091. 

36. Chavez, P.S.; MacKinnon, D.J. Automatic detection of vegetation changes in the southwestern United States using remotely 

sensed images. Photogramm. Eng. Remote Sens. 1994, 60. 

37. Jianya, G.; Haigang, S.; Guorui, M.; Qiming, Z. A review of multi-temporal remote sensing data change detection algorithms. 

Int. Arch. Photogramm. Remote Sens. Spat. Inf. Sci. 2008, 37, 757–762. 

38. Gao, J.; Liu, Y. Determination of land degradation causes in Tongyu County, Northeast China via land cover change detection. 

Int. J. Appl. Earth Obs. Geoinf. 2010, 12, 9–16. 

39. Rawat, J.S.; Kumar, M. Monitoring land use/cover change using remote sensing and GIS techniques: A case study of Hawalbagh 

block, district Almora, Uttarakhand, India. Egypt. J. Remote Sens. Space Sci. 2015, 18, 77–84. 

40. Lillesand, T.; Kiefer, R.W.; Chipman, J. Remote Sensing and Image Interpretation; John Wiley & Sons: Hoboken, NJ, USA, 2015. 

41. Congalton, R.G.; Green, K. Assessing the Accuracy of Remotely Sensed Data: Principles and Practices; CRC Press: Boca Raton, FL, 

USA, 2019. 

42. Tadese, M.; Kumar, L.; Koech, R.; Kogo, B.K. Mapping of land-use/land-cover changes and its dynamics in Awash River Basin 

using remote sensing and GIS. Remote Sens. Appl. Soc. Environ. 2020, 19, 100352. 

43. Owojori, A.; Xie, H. Landsat image-based LULC changes of San Antonio, Texas using advanced atmospheric correction and 

object-oriented image analysis approaches. 2005. 

44. Pirnazar, M.; Ostad-Ali-Askari, K.; Eslamian, S.; Singh, V.; Dalezios, N.; Ghane, M.; Qasemi, Z. Change detection of urban land 

use and urban expansion using GIS and RS, case study: Zanjan Province, Iran. Int. J. Constr. Res. Civ. Eng. 2018, 4, 295–309. 

45. Badamasi, M.M.; Yelwa, S.A.; AbdulRahim, M.A.; Noma, S.S. NDVI threshold classification and change detection of vegetation 

cover at the Falgore Game Reserve in Kano State, Nigeria. Sokoto J. Soc. Sci. 2010, 2, 174–194. 

46. Kamran, M.; Khokhar, M.F.; Waheed, A.; Khan, J.A.; Khayyam, U. Exploring the Nexus between Land Use Land Cover (LULC) 

Changes and Population Growth in Planned and Unplanned Cities. Available SSRN 4261709 2022. 



Eng. Proc. 2023, 52, x FOR PEER REVIEW 10 of 10 
 

 

47. Yar, P. Urban development and its impact on the depletion of groundwater aquifers in Mardan City, Pakistan. Groundw. Sustain. 

Dev. 2020, 11, 100426. https://doi.org/10.1016/j.gsd.2020.100426. 

48. Khan, N.; Shah, S.J.; Rauf, T.; Zada, M.; Yukun, C.; Harbi, J. Socioeconomic impacts of the billion trees afforestation program in 

Khyber Pakhtunkhwa Province (kpk), Pakistan. Forests 2019, 10, 703. 

49. Baig, M.B.; Shabbir, S.; Khan, N.; Ahmad, I.; Straquadine, G.S. The history of social forestry in Pakistan: An overview. Int. J. Soc. 

For. 2008, 1, 167–183. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 


