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ABSTRACT 

 

This study aimed to analyze population growth and land cover change in Palembang City from 

2020 to 2024 using GIS, the overlay method, and correlation analysis between population data and 

time-series land cover maps. The results show that population growth significantly contributes to the 

expansion of open/built-up land, particularly in densely populated districts such as Sukarami, Ilir 

Barat Satu, and Alang-Alang Lebar. The correlation matrix indicates a strong association between 

population and open/built-up land (r=0.84), and a moderate association with vegetation (r=0.47). A 

strong negative interaction between open/built-up land and vegetation (r=0.77) suggests that the 

growth of built-up regions reduces green space. Population size is almost uncorrelated with 

water/clouds (r=0.01), indicating that natural factors influence this category more than human activity. 

Overall, the study concludes that population expansion in Palembang drives urbanization and 

vegetation decline, highlighting the need for sustainable spatial management to balance development 

and environmental sustainability. 
Keywords: Alang-Alang Lebar, Ilir Barat Satu, population, Sukarami, vegetation degredation 

 

INTRODUCTION 

 

Population and economic growth are strongly 

related to the increase in built-up land and the 

decline in green space and agricultural land in 

large cities (Rachman et al., 2024). Palembang 

City, the capital of South Sumatra Province, is 
experiencing rapid urbanization that intensifies 

pressure on land cover. Historical data show that 

between 2000 and 2013, land conversion in 

Palembang increased significantly, especially 

from plantation and agricultural land to 

residential areas. Residential areas expanded by 

4,368 hectares between 2000 and 2013, 

exceeding the 2,531 ha converted between 1989 

and 2000 (Nguyen et al., 2016). Other studies 

indicate that the expansion of built-up areas has 

contributed to rising land surface temperatures 

(LST), signaling ecological degradation driven 

by urbanization (Gaol et al., 2020). The reduction 

of vegetation and green open space, alongside the 

growth of residential and commercial zones, 

signifies a shift in land use that prioritizes 

economic and housing needs over the 

maintenance of environmental balance (Gaol et 
al., 2020; Romdhoni, 2020). These conditions 

lead to several research questions: what is the 

pattern of land cover change in Palembang from 

2020 to 2024, what are the spatial trends of 

population growth, how strong is the relationship 

between the two using a Geographic Information 

System (GIS) approach, and how can the results 

support sustainable spatial planning. 

A literature review shows similar patterns in 

Jakarta, where population and economic growth 

strongly correlate with increases in built-up areas 
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and reductions in green space and agricultural 

land over the past three decades. The most 

significant conversion occurred in green spaces 

and fishponds, especially after 2015, in response 

to increasing development and infrastructure 

needs (Rachman et al., 2024). (Maheng et al., 

2024). also emphasized that LULC changes in 

the capital city substantially affect urban 

temperatures. Time-series satellite analyses 

reveal consistent vegetation loss in major 

Indonesian cities due to urbanization (Agustiyara 

et al., 2025; Rachman et al., 2024). In Medan, 

researchers documented considerable vegetation 

decline (Zaitunah et al., 2021) and a pattern of 

urban heat islands corresponding with population 

density (Wei et al., 2024). Multi-temporal remote 

sensing has proven effective for monitoring 

LULC change (Mashala et al., 2023). Research in 

Semarang highlights a trade-off between 

economic growth and environmental 

sustainability through LULC dynamics affecting 

SDG achievement (Kelly Fair et al., 2022), while 

a study in Makassar shows that urban expansion 

has significantly reduced forest and wetland areas 

(Nganro et al., 2024). At the global scale, CA-

Markov modeling is widely used to predict urban 

growth and LULC changes (Selmy et al., 2023; 

Tahir et al., 2025), and review studies emphasize 

that urbanization-driven LULC change has 

critical implications for urban sustainability 

(Alshayeb, 2025). A comprehensive assessment 

confirmed that LULC transformation associated 

with urbanization significantly impacts river 

hydro-morphology (Argaw & Yohannes, 2024), 

while recent findings from Indonesia’s new 

capital (IKN) reveal extensive land alteration 

driven by large-scale urban development 

(Kalalinggi et al., 2023). 

Despite these extensive studies, research in 

Palembang remains limited. (Nguyen et al., 

2016) examined land cover change primarily in 

relation to carbon stocks, whereas (Gaol et al., 

2020) analyzed the relationship between 

urbanization and land surface temperature. 

Neither study directly links LULC changes with 

population growth data. Consequently, a research 

gap remains: no comprehensive assessment has 

integrated multi-temporal LULC data from 

2020–2024 with population growth in Palembang 

using GIS. The present study addresses this gap 

by combining multi-temporal satellite imagery 

with annual population data and analyzing them 

through GIS-based techniques such as overlay, 

zoning, and spatial correlation. Spatial 

correlation is particularly beneficial because it 

enables models to incorporate information from 

nearby areas, improving predictive accuracy in 

applications such as soil mapping, weather 

forecasting, and spatial genomic analysis 

(Behrens et al., 2018). The purpose of This study 

was to approach provides a more detailed and 

spatially explicit understanding of the 

relationship between population growth and land 

cover change. 

 

MATERIALS AND METHODS 
 

Research Location 

The research site (Figure 1) was in Palembang 

City, one of Sumatra Island's largest metropolitan 

areas and the capital of South Sumatra Province, 

with a significant role in the economy, education, 

and culture. Palembang experiences major 

changes in spatial planning and land cover due to 

its relatively large area and annual population 

growth. This makes Palembang City a strategic 

research location for exploring the relationship 

between population growth and land-use change, 

especially in the context of sustainable urban 

development (BPS Palembang City, 2025). 

 

 
Figure 1. Map of Palembang city area 

 

Normalized Difference Vegetation Index 

(NDVI) 

The Normalized Difference Vegetation Index 

(NDVI) was one of the most important and 

extensively used remote sensing indices for 
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assessing the health, density, and distribution 

of vegetation on Earth's surface. NDVI uses 

differences in red and near-infrared reflectance 

from plants to create a quantitative picture of 

vegetation health. The NDVI was calculated 

using the formula. 

 

 
 

NIR is the near-infrared reflectance, whereas 

Red is the red light reflectance. NDVI values 

vary from -1 to +1, with positive values 

indicating healthy and dense vegetation and 

negative values indicating areas lacking 

vegetation or non-green surfaces like water or 

bare land (Jiang et al., 2021; Rachman et al., 

2024). The Normalized Difference Vegetation 

Index (NDVI) was an index that ranges from -1 

to +1 and was used to describe the health and 

density of vegetation. Healthy vegetation has 

high NDVI values as it absorbs red radiation for 

photosynthesis and reflects NIR radiation, while 

open or disturbed land has lower values. Due to 

its simplicity, versatility, and sensitivity to 

vegetation dynamics, NDVI was commonly 

employed in land cover change research and 

environmental degradation monitoring (Ajun, 

2022; Lufilah et al., 2017). The following is the 

NDVI classification table (Table 1). 

 
Table 1. NDVI classification table 

Class Score NDVI 

Rare 0.2343 – 0.2813 

Moderate 0.2814 – 0.3143 

Dense  0.3144 – 0.6294 

Note: (Lufilah et al., 2017) 

 

Correlation Method 

The correlation method was a statistical 

approach that measures and describes the 

closeness of a link between two variables. This 

methodology assists researchers in determining if 

alterations in one variable were succeeded by 

modifications in other variables, either in a 

congruent (positive) or divergent (negative) 

manner. Correlation does not imply causation; it 

only indicates the strength and direction of the 

relationship between variables. As a result, this 

method was widely used in social, economic, and 

environmental research as a preliminary step 

before more in-depth studies. The Pearson 

correlation was a statistical technique employed 

to assess the strength and direction of the linear 

association between two normally distributed 

continuous variables. The correlation coefficient 

(r) ranges between -1 and +1, with -1 indicating a 

perfect negative link, +1 indicating a perfect 

positive association, and 0 indicating no linear 

relationship. Although simple and extensively 

used, this technique primarily captures linear 

relationships, making it less ideal for non-linear 

relationship patterns between variables (Janse et 

al., 2021; Schober & Schwarte, 2018). 

 

Overlay 

Overlay is a spatial analysis approach that 

stacks two or more maps or images using the 

same spatial reference system. This approach 

enables a more detailed understanding of the 

spatial relationships between characteristics on 

each layer. In environmental mapping, overlays 

are commonly used to identify and compare 

changes in land cover, vegetation, and other 

elements across time. This strategy can aid 

decision-making in regional management, spatial 

planning, and continuous monitoring of 

environmental dynamics  (Elisabete, 2017). The 

overlay approach has the advantage of 

performing extensive spatial analysis, which 

allows for the accurate identification of 

overlapping areas, modifications, and positional 

errors. This technique can also integrate data 

from other sources, resulting in a more in-depth 

understanding of an area's conditions. However, 

the accuracy of the outputs was heavily 

influenced by the quality of the input data and the 

consistency of the geographical references. Small 

errors in data registration or alignment can result 

in incorrect interpretations, therefore proper data 

preparation was critical (Lee et al., 2016; 

Elisabete, 2017). 

 

Landsat-8  

Landsat-8, a remote sensing satellite launched 

in 2013, resulted from a collaboration between 

NASA and the USGS. This satellite was intended 

to collect medium-resolution image data of the 

earth's surface, from land to the poles, using the 

visible, near infrared, shortwave infrared, and 

thermal infrared channels. Landsat-8, in contrast 

to its predecessor, features new bands including a 
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blue band for shallow water analysis, a 

specialized band for cirrus cloud detection, and 

two additional sensitive thermal bands, thereby 

markedly enhancing detection capabilities, land 

cover classification, and the assessment of 

environmental changes over time. The main 

instruments on Landsat-8 are the Operational 

Land Imager (OLI) and the Thermal Infrared 

Sensor (TIRS). OLI had a spatial resolution of 30 

meters for the multispectral band and 15 meters 

for the panchromatic band, but TIRS had a native 

resolution of 100 meters that was later reduced to 

30 meters to align with the other bands. This 

instrument's improved quality is complemented 

by a higher signal-to-noise ratio and radiometric 

resolution of up to 12 bits, resulting in image data 

that was more precise, detailed, and sensitive to 

alterations on the Earth's surface. Landsat-8 can 

acquire almost 60% more images daily than its 

predecessor, resulting in enhanced geographical 

and temporal coverage, hence facilitating more 

frequent and continuous environmental 

monitoring (Barsi et al., 2014; Roy et al., 2014). 

 

Time-Series Data on Population of Palembang 

City 

Population growth per sub-district in 

Palembang City from 2020 to 2024 indicates a 

general annual upward trend. Sukarami District 

had the fastest and most steady increase, with 

over 212 thousand inhabitants in 2024 (Figure 2), 

making it the district with the biggest population. 

Significant growth was also observed in the 

Kalidoni and Alang-Alang Lebar sub-districts, 

which continue to expand annually.  

 

 
Figure 2. Population growth by District in Palembang City (2020-
2024) 

 

 

Meanwhile, some sub-districts in the city core, 

including Bukitkecil and Ilir Timur Satu, 

remained stagnant or even declined marginally. 

Most other sub-districts saw a minor increase. 

This shows that suburban areas are growing 

faster than the city center, likely due to the 

construction of new residential areas and 

urbanization (BPS Palembang City, 2025). 

 

Landsat-8 Land Cover Time-Series Data 

Analysis of Palembang City 

Land use statistics for Palembang City from 

2020 to 2024 (Figures 3, 4, and 5) reveal 

variation among sub-districts. Downtown 

neighborhoods like Ilir Timur, Bukit Kecil, and 

Kemuning were dominated by developed terrain 

with sparse and stagnant vegetation cover. 

Outlying areas, such as Sukarami, Gandus, and 

Kertapati, continue to retain considerable 

vegetation cover despite seasonal variations. 

Open or built-up land was expanding in various 

sub-districts, indicating a strong urbanization 

development, particularly near the city center 

(Data processing using GEE Landsat-8 imagery, 

2025). 

 

 
Figure 3. Land use cloud/water 

 

 
 

Figure 4. Open/built-up land cover (non-vegetation)
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Figure 5. Vegetation 

 

RESULTS 
 

The time-series land-cover map of Palembang 

City for 2020-2024 (Figure 6), created using the 

NDVI approach, depicts land-cover change 

dynamics. Blue symbolizes water/cloud areas, 

yellow represents open or developed areas, and 

green represents vegetation. A correlation 

coefficient of (r=0.84) suggests a high link 

between population and land area. Because the 

value was close to +1, it was reasonable to 

deduce that as land area increases, population 

also increases. This link is very strong, allowing 

us to accurately anticipate population number 

based on land area (Figure 7). 

The pink region surrounding the regression 

line denotes the confidence interval. This was the 

interval in which the actual trendline was most 

likely situated. Although the data points do not 

consistently align with the red line, this region 

indicates the reliability of the model used to 

characterize the trend. A narrower interval 

indicates a more consistent and reliable 

observable link in the data. 

The correlation matrix illustrates (Figure 8) 

the relationship between land cover variables and 

population in Palembang City. Population shows 

a strong association with open/built-up land 

(r=0.84). The relationship between population 

and vegetation was somewhat correlated 

(r=0.47). Conversely, population exhibits 

negligible connection with water/clouds (r=0.01). 

Simultaneously, open or developed terrain 

exhibits a strong association with vegetation 

(r=0.77). 

 

 

 

 

 
 

Figure 6. Time series map of land cover changes in Palembang 

City 2020-2024 
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Figure 7. Correlation of population number to open/built-up land 

 

 
Figure 8. Matriks correlation 

 

DISCUSSION 

 

Time Series Map of Land Cover in Palembang 

City 2020–2024 

The data demonstrates that vegetation 

continues to dominate most locations, 

particularly in the suburbs. However, open/built-

up land tends to rise year after year, particularly 

in the city core, indicating fast urbanization. On 

the other hand, the water area is largely stable, 

although some vegetative areas are shrinking 

owing to land conversion. This data shows that 

Palembang's rapid expansion has reduced green 

space, even though some vegetated areas remain. 

According to studies (Puplampu & Boafo, 2021), 

expanding built-up regions diminishes green 

space by transforming it into impervious surfaces 

like concrete and asphalt. 

 

Correlation of Land Cover Changes with 

Population Growth 

The correlation analysis between population 

and open/built land area in Palembang City 

(Figure 7) yields a value of 0.84, indicating a 

strong positive link. A larger population 

correlates with a greater extent of open and built-

up land used. This shows how population growth 

increases the need for housing, infrastructure, and 

city facilities, resulting in the expansion of built-

up areas. This pattern is plainly obvious in the 

regression line that follows the data trend, albeit 

with a few deviations. These findings suggest 

that urbanization and population growth in 

Palembang contribute significantly to converting 

vegetated land into built-up areas, potentially 

resulting in less green space, lower 

environmental quality, and an increased risk of 

urban problems such as flooding and urban 

density. Research by (Duan et al., 2025) 

corroborates this assertion, indicating that 

elevated population density intensifies the strain 

on green spaces and amplifies disparities in 

access to a healthy environment. 

 

Correlation Matrix of Land Cover Changes 

Against Population Increase 

The correlation matrix illustrates the 

relationship between land cover variables and 

population in Palembang City. Population has a 

robust association with open/built-up land (r = 

0.84), suggesting that population growth is 

driving the expansion of built-up areas. The 

association between population and vegetation is 

moderate (r = 0.47), suggesting that population 

increase affects the decrease of green space. In 

contrast, population density shows negligible 

correlation with water/clouds (r = 0.01), as this 

variable is mostly determined by natural 

conditions rather than anthropogenic factors. 

Simultaneously, open/built-up land exhibits a 

strong association with vegetation (r = 0.77), 

signifying an inverse relationship in which a rise 

in built-up land typically corresponds to a 

reduction in vegetation. Overall, this matrix 

shows that population expansion and 

urbanization in Palembang significantly change 

land cover, particularly by converting vegetation 

into built-up areas. Research by was (Abbas et 

al., 2025) indicates a robust positive association 
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between population growth and urbanization and 

the expansion of built-up regions, with a negative 

correlation with the extent of vegetation and 

vacant land. 

 

CONCLUSSION 

 

The land cover dynamics of Palembang City 

from 2020 to 2024 indicate that greenery 

predominates in the suburbs; nevertheless, its 

extent is diminishing due to conversion into 

built-up areas in the city core. Open and built-up 

land expand each year due to urbanization, 

showing a strong association with population 

growth (r=0.84). Vegetation has a moderate 

correlation with population growth (r=0.47), 

indicating that the loss of green space is linked to 

population expansion, but water areas are largely 

steady, with a very low correlation (r=0.01). 

Furthermore, the strong association between 

built-up land and vegetation (r=0.77) shows an 

inverted pattern: increases in built-up land are 

followed by decreases in vegetation. Overall, 

these dynamics show that population growth and 

urbanization in Palembang have significantly 

accelerated the conversion of vegetation into 

built-up areas, resulting in less green space, 

declining environmental quality, and increased 

risks of urban problems like flooding and 

population density. 

 

ACKNOWLEDGEMENTS 

 

The author thanks the Central Statistics 

Agency of Palembang City for providing 

population data. 

 
REFERENCES 

 
Abbas, T., Shoaib, M., Albano, R., Baig, M. A. I., Ali, I., Farid, 

H. U., & Ali, M. U. (2025). Artificial-intelligence-based 

investigation on land use and land Cover (LULC) Changes in 

Response to Population growth in South Punjab, Pakistan. 

Land, 14 (1). https://doi.org/10.3390/land14010154 

Agustiyara, A., Mutiarin, D., Nurmandi, A., Kasiwi, A. N., & 

Ikhwali, M. F. (2025). Mapping urban green spaces in 

Indonesian Cities using remote sensing analysis. Urban 
Science, 9 (2), 1–23. https://doi.org/10.3390/urbansci9020023 

Ajun, P. E. (2022). Mangrove health analysis using sentinel-2a 

image with ndvi classification method (case study: Sungai 

Batang - Kuala Secapah Mempawah Timur). 7(June), 1–5. 
Alshayeb, M. J. (2025). Evaluating ecosystem service trade-offs 

and recovery dynamics in response to urban expansion: 

implications for sustainable management strategies. 

Sustainability (Switzerland), 17 (5). 

https://doi.org/10.3390/su17052194 
Argaw, M., & Yohannes, H. (2024). Impact of land use/land 

cover changes on surface water and soil-sediment export in 

the urbanized akaki river catchment, Awash Basin, Ethiopia. 

Journal of Hydrology: Regional Studies, 52 (January), 

101677. https://doi.org/10.1016/j.ejrh.2024.101677 

Barsi, J. A., Schott, J. R., Hook, S. J., Raqueno, N. G., Markham, 

B. L., & Radocinski, R. G. (2014). Landsat-8 thermal infrared 

sensor (tirs) vicarious radiometric calibration. Remote 
Sensing, 6 (11), 11607–11626. 

https://doi.org/10.3390/rs61111607 

Behrens, T., Schmidt, K., Viscarra Rossel, R. A., Gries, P., 

Scholten, T., & MacMillan, R. A. (2018). Spatial modelling 
with euclidean distance fields and machine learning. 

European Journal of Soil Science, 69 (5), 757–770. 

https://doi.org/10.1111/ejss.12687 

Duan, Z., Huang, L., Zhu, Z., Long, S., & Liu, Y. (2025). 
Transformation and inequity of urban green space in 

Guangzhou: drivers and policy implications under rapid 

urbanization. Sustainability (Switzerland), 17 (5), 1–23. 

https://doi.org/10.3390/su17052217 
Elisabete C. Costa, Duarte de Melo-Diogo, André F. Moreira, 

Marco P. Carvalho, Ilídio J. Correia. (2017). Spheroids 

formation on non-adhesive surfaces by Liquid Overlay 

Technique: considerations and practical approaches. 
Biotechnology Journal. 13 (1), 1–14. 

https://doi.org/10.1002/biot.201700417  

Gaol, A. L., Serhalawan, Y. R., & Kristianto, A. (2020). 

Contribution of urban heat island on landscape composition 
and its impact to the land surface temperature (case study on 

palembang city-Indonesia). Journal of Physics: Conference 

Series, 1434 (1). https://doi.org/10.1088/1742-

6596/1434/1/012013 
Janse, R. J., Hoekstra, T., Jager, K. J., Zoccali, C., Tripepi, G., 

Dekker, F. W., & Van Diepen, M. (2021). Conducting 

correlation analysis: Important limitations and pitfalls. 

Clinical Kidney Journal, 14 (11), 2332–2337. 
https://doi.org/10.1093/ckj/sfab085 

Jiang, S., Chen, X., Smettem, K., & Wang, T. (2021). Climate and 

land use influences on changing spatiotemporal patterns of 

mountain vegetation cover in southwest China. Ecological 
Indicators, 121, 107193. 

https://doi.org/10.1016/j.ecolind.2020.107193 

Kalalinggi, R., Hisdar, M., Sarmiasih, M., & Wijaya, A. K. 

(2023). Forecastint The development of IKN (New National 
Capital) in sustainable development, Indonesia. Journal of 

Governance and Public Policy, 10(1), PRESS. 

https://doi.org/10.18196/jgpp.v10i1.16786 

Kelly Fair, M., Gopal, S., Koch, M., Kusumaningrum, H. P., 
Helmi, M., Khairunnisa, D., & Kaufman, L. (2022). Analysis 

of land use and land cover changes through the lens of sdgs in 

Semarang, Indonesia. Sustainability (Switzerland), 14 (13). 

https://doi.org/10.3390/su14137592 
Lee, H., Han, S., Kim, Y., Kim, M., Heo, H., Jeon, S., Choi, D., 

Nabeth, J., Brinster, I., Pierson, B., & Robinson, J. C. (2016). 

Device overlay method for high volume manufacturing. 

Metrology, inspection, and process control for 

microlithography XXX, 9778, 97781F. 

https://doi.org/10.1117/12.2219701 

Lufilah, S. N., Makalew, A. D., & Sulistyantara, B. (2017). 
Utilization of landsat 8 imagery for vegetation index analysis 

in Dki Jakarta. Jurnal Lanskap Indonesia, 9 (1), 73–80. 

https://doi.org/10.29244/jli.v9i1.15173 

Maheng, D., Pathirana, A., Bhattacharya, B., Zevenbergen, C., 
Lauwaet, D., Siswanto, S., & Suwondo, A. (2024). Impact of 

land use land cover changes on urban temperature in Jakarta: 

https://doi.org/10.3390/land14010154
https://doi.org/10.3390/urbansci9020023
https://doi.org/10.3390/su17052194
https://doi.org/10.1016/j.ejrh.2024.101677
https://doi.org/10.3390/rs61111607
https://doi.org/10.1111/ejss.12687
https://doi.org/10.3390/su17052217
https://doi.org/10.1002/biot.201700417
https://doi.org/10.1002/biot.201700417
https://doi.org/10.1088/1742-6596/1434/1/012013
https://doi.org/10.1088/1742-6596/1434/1/012013
https://doi.org/10.1093/ckj/sfab085
https://doi.org/10.1016/j.ecolind.2020.107193
https://doi.org/10.18196/jgpp.v10i1.16786
https://doi.org/10.3390/su14137592
https://doi.org/10.1117/12.2219701
https://doi.org/10.29244/jli.v9i1.15173


194  Ricardi et al.: Dynamics of land cover change on population growth 

insights from an urban boundary layer climate model. 

Frontiers in Environmental Science, 12 (October), 1–13. 
https://doi.org/10.3389/fenvs.2024.1399041 

Mashala, M. J., Dube, T., Mudereri, B. T., Ayisi, K. K., & 

Ramudzuli, M. R. (2023). A systematic review on 

advancements in remote sensing for assessing and monitoring 

land use and land cover changes impacts on surface water 

resources in semi-arid tropical environments. Remote Sensing, 

15(16). https://doi.org/10.3390/rs15163926 

Nganro, S., Wadzibah Nas, & Manyila, S. S. (2024). The impact 
of population growth on open area in the coastal area of 

Makassar City. Journal of Asian Geography, 3(2), 70–75. 

https://doi.org/10.36777/jag2024.3.2.7 

Nguyen, D. T., Iskandar, I., & Ho, S. (2016). Land cover change 
and the CO2 stock in the Palembang City, Indonesia: A study 

using remote sensing, GIS technique and LUMENs. Egyptian 

Journal of Remote Sensing and Space Science, 19(2), 313–

321. https://doi.org/10.1016/j.ejrs.2016.08.004 
Puplampu, D. A., & Boafo, Y. A. (2021). Exploring the impacts 

of urban expansion on green spaces availability and delivery 

of ecosystem services in the Accra metropolis. Environmental 

Challenges, 5 (July), 100283. 
https://doi.org/10.1016/j.envc.2021.100283 

Rachman, F., Huang, J., Xue, X., & Marfai, M. A. (2024). 

Insights from 30 years of land use/land cover transitions in 

jakarta, indonesia, via intensity analysis. Land, 13 (4). 
https://doi.org/10.3390/land13040545 

Romdhoni, M. F. (2020). The use of landsat image and census 

data for modelling population density and urban density in 

Palembang, Indonesia. Journal of Architectural Research and 
Design Studies, 4 (2). 

https://doi.org/10.20885/jars.vol4.iss2.art9 

 

 
 

Roy, D. P., Wulder, M. A., Loveland, T. R., C.E., W., Allen, R. 

G., Anderson, M. C., Helder, D., Irons, J. R., Johnson, D. M., 
Kennedy, R., & Scambos, T. A. (2014). Remote sensing of 

environment landsat-8 : science and product vision for 

terrestrial global change research. Remote Sensing of 

Environment, 145, 154–172. 

https://doi.org/10.1016/j.rse.2014.02.001 

Schober, P., & Schwarte, L. A. (2018). Correlation coefficients: 

appropriate use and interpretation. Anesthesia and Analgesia, 

126 (5), 1763–1768. 
https://doi.org/10.1213/ANE.0000000000002864 

Selmy, S. A. H., Kucher, D. E., Mozgeris, G., Moursy, A. R. A., 

Jimenez-Ballesta, R., Kucher, O. D., Fadl, M. E., & Mustafa, 

A. rahman A. (2023). Detecting, analyzing, and predicting 
land use/land cover (LULC) changes in arid regions using 

landsat images, ca-markov hybrid model, and gis techniques. 

Remote Sensing, 15 (23). https://doi.org/10.3390/rs15235522 

Tahir, Z., Haseeb, M., Mahmood, S. A., Batool, S., Abdullah-Al-
Wadud, M., Ullah, S., & Tariq, A. (2025). Predicting land use 

and land cover changes for sustainable land management 

using CA-Markov modelling and GIS techniques. Scientific 

Reports, 15 (1), 1–23. https://doi.org/10.1038/s41598-025-
87796-w 

Wei, Y., Lemoy, R., & Caruso, G. (2024). The effect of 

population size on urban heat island and NO2 air pollution: 

Review and meta-analysis. City and Environment 
Interactions, 24 (2). 

https://doi.org/10.1016/j.cacint.2024.100161 

Zaitunah, A., Samsuri, & Sahara, F. (2021). Mapping and 

assessment of vegetation cover change and species variation 
in Medan, North Sumatra. Heliyon, 7 (7), e07637. 

https://doi.org/10.1016/j.heliyon.2021.e07637 

 

 

 

 

 

https://doi.org/10.3389/fenvs.2024.1399041
https://doi.org/10.3390/rs15163926
https://doi.org/10.36777/jag2024.3.2.7
https://doi.org/10.1016/j.ejrs.2016.08.004
https://doi.org/10.1016/j.envc.2021.100283
https://doi.org/10.3390/land13040545
https://doi.org/10.20885/jars.vol4.iss2.art9
https://doi.org/10.1016/j.rse.2014.02.001
https://doi.org/10.1213/ANE.0000000000002864
https://doi.org/10.3390/rs15235522
https://doi.org/10.1038/s41598-025-87796-w
https://doi.org/10.1038/s41598-025-87796-w
https://doi.org/10.1016/j.cacint.2024.100161
https://doi.org/10.1016/j.heliyon.2021.e07637

