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and its surroundings, which still retain substantial green land cover.
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1. Introduction

Padang City is the capital of West Sumatra. The city is rapidly developing due to its population activities and
services. The population growth rate continues to increase and will not stop, whether consciously recognized or
not. Based on data from BPS, the 2010/2020 Population Census (SP), and the 2015 Intercensal Survey (SUPAS),
the population of West Sumatra Province has shown a significant upward trend from 2010 to 2021 [1].

Land use has increased significantly, particularly in residential and industrial areas, in 2020. By 2021, land use
had further expanded to include residential land, industrial zones, corporate land, service areas, farmland, vacant
land, and urban land. Conversely, the use of irrigated rice fields declined in 2020, followed by a reduction in
river areas in 2021. Previous researchers have conducted various studies related to land use and land cover
change.In numerous studies on climate change and environmental analysis at local, regional, and global scales,
Land Surface Temperature (LST) and albedo have been identified as the two most significant variables. LST is
a crucial parameter in surface processes as it reflects climate change and regulates terrestrial outgoing radiation,
as well as the exchange of latent and sensible heat fluxes between the surface and the atmosphere [4]. Since
artificial surfaces absorb and release heat, leading to the formation of the Urban Heat Island (UHI) phenomenon,
changes in urban land cover that replace natural surfaces with built-up areas are one of the key factors
contributing to the increase in Land Surface Temperature (LST) in urban environments. UHI refers to the
temperature difference between urban and rural areas, where cities tend to be warmer than surrounding rural
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regions [6]. The Mono-Window Brightness Temperature (MWBT) algorithm can be used to identify land
surface temperature values. This algorithm utilizes brightness temperature data from thermal bands to estimate
land surface temperature while considering atmospheric transmission and surface emissivity factors. An
enhanced version of the mono-window algorithm is a further development of the original algorithm, which was
initially designed for Landsat TM data. This improved algorithm is more robust and well-suited for Landsat 8
TIRS Band 10, which has a different spectral response function compared to Landsat TM. Additionally, it is
better adapted to varying atmospheric conditions and higher surface emissivity, making it more effective for
land surface temperature estimation [7, 8]. In summary, the mono-window algorithm offers numerous
advantages, including practicality, broad applicability, low sensitivity to emissive errors, resilience to
atmospheric conditions, and higher accuracy. These benefits make it a popular choice among researchers and
practitioners, serving as a valuable tool for Land Surface Temperature (LST) retrieval. One of the key
advantages of the mono-window algorithm is its ability to simplify the atmospheric correction process. It
requires only three essential parameters: land surface emissivity, atmospheric transmission, and effective mean
atmospheric temperature. This simplification makes the algorithm more efficient and easier to implement
compared to other methods that require a larger number of parameters. Additionally, the algorithm is less
sensitive to atmospheric errors and demonstrates strong resilience to varying atmospheric conditions, making it
particularly effective in environments with high temperature and humidity [9 - 13].

Based on the above statement, it can be concluded that the high intensity of land use and the decreasing
availability of land in Padang City have significantly impacted various environmental and urban spatial planning
aspects. Changes in land use influence the distribution of land surface temperature (LST), contributing to
variations in urban thermal conditions. Therefore, further research is necessary to analyze the effects of land
use changes on the distribution of land surface temperature and their implications for urban sustainability [14,
15].

2. Research Methodology

This study examines the impact of land cover changes on the distribution of land surface temperature in Padang
City and its surrounding areas. A quantitative descriptive approach is applied in this research. The Mono-
Window Brightness Temperature algorithm is utilized to extract land surface temperature values from thermal
infrared channels. The results of this analysis are then integrated with a land cover map obtained through the
supervised classification method to evaluate the effects of land cover changes on temperature distribution. This
study produces a spatial distribution map of land surface temperature as the primary output, which can be used
for further analysis.

This study was conducted in Padang City, which is geographically located between 00° 44’ 00” and 1° 08 35’
North Latitude and 100° 05° 55°” and 100° 34’ 09’ East Longitude. Administratively, Padang City consists of
11 districts and 104 sub-districts, including Padang Barat, Padang Selatan, and Padang Timur.
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Figure 1. Research Location
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The first stage involves conducting a literature review to gather relevant theories that serve as the foundation
for this research. Subsequently, the required data for this study is collected, including Landsat 8 satellite imagery
from the years 2016, 2018, 2020, 2022, and 2024, as well as the administrative boundaries of Padang City. Once
the data is acquired, the next step is Radiometric Calibration, which is used to minimize atmospheric
disturbances during the image acquisition process. The corrected satellite imagery is then cropped according to
the administrative boundaries of Padang City and further processed using the Mono-Window Brightness
Temperature algorithm following the equations outlined in Equation (1), Equation (2), and Equation (3).
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Where LA is Spectral Radiance, Lmax(7) is Maximum Spectral Radiance, Lmin(4) is Minimum Spectral
Radiance, and Omax(7) is Maximum Value Digital Number. Then, conversion of spectral radiance to kelvin:
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Where 7b is Temperature Brightness Satellite (K), K; is Spectral Radiance Calibration Constant, K> is Spectral
Temperature Calibration Constant, and LA is Spectral Radiance. Conversion of Temperature from Kelvin to

Celsius:
Tceicius = Tkewin — 273 3)

3. Result and Discussion

From the processed Land Surface Temperature (LST) data, a spatial distribution map of Padang City's surface
temperature for the years 2016, 2018, 2020, 2022, and 2024 was generated. The resulting maps can be seen in
Figure 2 below.
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Figure 2. Land Surface Temperature Distribution Map in Padang City (2016 — 2024)
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Based on the land surface temperature distribution map of Padang City from 2016 to 2024, there is a noticeable
trend of increasing temperatures, particularly in urban and surrounding areas. The red areas, which indicate high
temperatures (27-30°C), have expanded over time, especially in the city center and densely populated regions.
Meanwhile, areas with lower temperatures (23—24°C) have gradually decreased, suggesting that urbanization
and land cover changes contribute to the rise in surface temperature. From 2016 to 2020, the increase in
temperature was particularly significant in the northern part and central area of Padang City, likely due to
increased construction activities and a reduction in vegetation cover. In 2022 and 2024, the distribution of high-
temperature zones continued to expand, further indicating the dominance of the urban heat island (UHI) effect.
Areas with high temperature concentrations are found in regions with high building density, leading to increased
heat emissions.

This temperature distribution pattern also correlates with infrastructure development and the reduction of green
spaces. Therefore, these findings highlight the importance of sustainable spatial planning to mitigate the impact
of rising surface temperatures in Padang City. The spatial distribution of land surface temperature in Padang
City can be observed through the graph in Figure 3 below.
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Figure 1 Graph of Spatial Distribution of Land Surface Temperature in Padang City

In that figure, fluctuations in the area of each temperature category can be observed. The low-temperature
category (23-24°C) exhibits a relatively stable pattern, covering the largest land area compared to other
categories, ranging between 50,000 to 55,000 hectares. Although there was a slight decline in 2020, the area of
this category increased again in 2024, indicating that lower temperatures still dominate. This trend aligns with
research conducted by Dimas Indo Saputro (2021) in Denpasar, Bali, and Omeria Waruwu (2022) in Medan
City, where both studies found that prior to the COVID-19 pandemic, land surface temperatures in the study
areas were relatively high. However, during and after the pandemic, there was a notable decrease in temperature.
This phenomenon occurred as Indonesia, along with the rest of the world, implemented Large-Scale Social
Restrictions (PSBB) in 2020 to limit physical interactions by restricting activities such as work, school, and
public gatherings. The reduction in human activities contributed to a decline in land surface temperatures, which
had previously been increasing. The medium-temperature category (25-26°C) shows a fluctuating trend. In
2016, the land area in this category was 9,135 hectares, decreasing in 2018 but rising again in 2020 to 11,797
hectares before declining once more in 2024 to 8,820 hectares. This fluctuation suggests that temperature
distribution is influenced by land cover changes and climatic variations. Higher temperature categories (27—
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28°C and 29-30°C) show a steady increase until 2020, with the area of land in the 27-28°C range expanding
from 3,969 hectares in 2016 to 7,725 hectares in 2020. The highest temperature category (29-30°C) also saw a
significant rise, increasing from 1,488 hectares in 2016 to 5,581 hectares in 2020, before sharply declining to
776 hectares in 2024.

Overall, these findings indicate that Padang City experienced an increase in land surface temperature over
certain periods, likely due to vegetation loss and intensified urban development. However, the decline in high-
temperature areas in 2024 may suggest the presence of mitigation efforts or other environmental factors
influencing land surface temperature.

4. Conclusion

Based on the analysis conducted using the Mono-Window Brightness Temperature (MWBT) algorithm, it was
found that the distribution of land surface temperature in Padang City underwent significant changes between
2016 and 2024. Built-up areas tend to have higher surface temperatures compared to regions with dense
vegetation cover. Almost the entire western part of Padang City experienced a significant temperature increase,
particularly in high-density urban areas such as Padang Barat, Padang Timur, and Padang Utara. Meanwhile,
lower-temperature regions are still found in the eastern part of the city, particularly in Pauh District and its
surroundings, where green land cover remains relatively abundant. This indicates that land-use changes,
especially the expansion of built-up areas, have contributed to the rise in land surface temperature over time.
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