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Abstract
Sumedang Regency has experienced considerable development in recent times. They started by
expanding residential areas and toll roads to construct the Jatigede Dam. Changes in land cover may
influence the temperature above and around it. This study aims to analyze the spatial pattern of surface
temperature in Sumedang Regency between 2007-2022 based on land cover changes regarding the Local
Climate Zone and heat hazard threat. The data used are Landsat TM, Landsat OLI/TIRS, and Landsat
OLI-2/TIRS-2 images. The data is taken and processed using Google Earth Engine. The results found an
increase in LST from 2007 until 2022, with the most significant increase occurring in 2022. This increase
is accompanied by changes in land cover in Sumedang Regency. This increase is accompanied by
changes in land cover in Sumedang Regency. Land surface temperatures in Sumedang Regency have
continued to increase from 2007 until 2022, and based on the observed urban heat signature, the most
significant increase in average temperature occurred from 2007 to 2022 (4.68℃). The strong heat stress
category can cause dynamic thermal sensation (DTS), a core-to-skin, and an increase in rectal
temperature. Extreme heat stress can cause an increase in rectal temperature time gradient, a steep
decrease in total net heat loss, and a steep increase in average sweat rate.

1. Introduction
The pattern of development that occurs in the world is driven by migration flows between rural and urban
areas (Zhang et al., 2022). Migration in cities around the world triggers land changes that exceed the
Environment's and humans' capacity to accommodate and plan good spatial planning (Kouassi et al.,
2021). These changes can affect the region's temperature and cause local warming (Wong & Yu, 2005;
Srivanit & Hokao, 2013; Wibowo & Salleh, 2018). This warming on a local scale can be detected using
satellite sensors which are often used to see patterns of Land Surface Temperature (LST) or surface
temperature (Kumar et al., 2022; Sahani, 2021; Cilek & Cilek, 2021). Variation of surface temperature in
various urban landscapes is strongly influenced by the dominant land cover and land use in the region
(Njoku & Tenenbaum, 2022).

One of the significant developments that occurred from 2007 to 2022 was the construction of the
Jatigede Dam, the second-largest Dam in Indonesia. The Dam's construction is part of Presidential
Regulation No. 3/2016 on the Acceleration of Implementation of National Strategic Projects. The
Jatigede Dam changed the land cover by 4,980.3 ha, of which 1,400 ha was paddy fields (Simangunsong
& Kurnia, 2018). The change in land cover is likely to influence the temperature above and around it (Kum,
2016). Given the different nature of water bodies compared to land cover (Lykins, 2011). Construction
began in 2008 and was inaugurated in 2017 (Sumedang District Archives and Library Office, 2022), which
has Jatigede Dam on the Cimanuk River with a capacity of 979.5 million m3. In 2016, the construction of
the toll road Cisumdawu (Cileunyi–Sumedang–Dawuan) also started and passed through Sumedang
Regency.
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Geospatial technology has been used for various sectors. One of the most common methods is
observation through remote sensing (Njoku & Tenenbaum, 2022; Amliana et al., 2016; Ashok et al., 2021;
Avdan & Jovanovska, 2016). Geospatial information has primarily developed within the context of an
emerging discipline, named Geoinformatics, Geomatics, or Geographic (sometimes Geospatial)
Information Sciences (Chandarasekaran & Arivarignan, 2006). Geomatics is derived from the French word
Ge ́omatique, coined by the French photogrammetric Dubuisson and widely used in North America (Ehler,
2008)]. Geoinformatics seems popular in Europe, whereas Geographic Information Science usually
indicates a Geography background (Goodchild, 1992). Remote sensing uses electromagnetic radiation
sensors to record images of the earth's Environment that can be interpreted to produce helpful
information (Read & Torrado, 2009). Utilization of image results captured by satellites with different
sensors (such as TM, OLI, TIRS) has an excellent ability to determine surface characteristics by using
reflected waves at specific wavelengths (Kumar et al., 2022; Acharki, 2022; Thenkabail et al., 2005).
Calculating an area's land surface temperature can determine these surface characteristics. Therefore,
this method is used for the Sumedang Regency area, which experienced considerable development
during the time frame of this study. This study aims to analyze the spatial pattern of surface temperature
in Sumedang Regency between 2007 and 2022 (15th year) based on land cover changes regarding the
Local Climate Zone and heat hazard threat.

2. Methodology

2. 1. Study Area And Data
Sumedang Regency is an area dominated by forests and agriculture with 26 districts (Fig. 1). The
absolute location of this regency is 6°44'–70°83' south latitude and 107°21'–108°21' east longitude with
an average altitude of 999 meters above sea level. Sumedang Regency is located in tropical latitude and
experiences two seasons: dry in (June, July, and August) and wet in (December, January, and February).
The intensity of solar radiation is affected by El Nino and La Nina phenomena (Hamdi & Sumaryati,
2020).

2.2. Landsat Data
This study uses Landsat Data Collection 1 Tier 1 Top of Atmosphere Reflectance with 30-meter spatial
resolution obtained from the United States Geological Survey (USGS). The Landsat images in 2007, 2013,
2017, and 2022 were sorted to find the least percentage of cloud cover. Data was used from the Landsat
Series in June, July, and August. The images used in this study are 7 Landsat-5 TM images for 2007, 9
Landsat-8 OLI/TIRS images for 2013, 12 Landsat-8 OLI/TIRS images for 2017, and 11 Landsat-9 OLI-
2/TIRS-2 for 2022. Google Earth Engine is used to correct, calibrate and process these images (Hamdi &
Sumaryati, 2020).

2.3. Local Climate Zone Mapping
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In this study, the multiband (band 1–7) Landsat 8 remote sensing data was retrieved and classified by
utilizing the online cloud platform Google Earth Engine (GEE) (Ernida et al., 2020). The GEE uses to
retrieve the land surface temperature (Roy & Bari, 2022). The training sample area within the ROI was
digitized from the Landsat 8 guided by the google earth view. There are 170 training area samples for all
17 classes of LCZ (10 samples for each class). Then, the rest of the area in ROI is classified by the
random forest (RF) machine learning classifier. To validate the accuracy of the RF algorithm then, cross-
validation was conducted in this study. 70% of the training sample data are used for building the model,
and 30% of the sample is used for validation. The performance of the RF algorithm was evaluated from
the value of overall accuracy (OA) (Fig. 2).

2.4. LST Retrieval
A single-channel approach using Band 10 of Landsat 8 was used to retrieve land surface temperature
(LST) from thermal infrared data (Weng & Schubring, 2004)]. The procedures consist series of
conversions, including digital numbers to radiances, radiances to brightness temperatures, and finally,
brightness temperature to land surface temperature (emissivity correction). These methods were also
requiring normalized difference vegetation index (NDVI). NDVI value of 0.2 was used for a pure soil pixel
and 0.5 for a pure vegetation pixel. LST obtained from the study area's urban canopy layer, and surface
material Landsat-8 shows the current condition of the urban canopy layer and surface material in the
study area. The LST calculation is carried out in Eq. 1. (Guha et al., 2022).

1

Where  is the wavelength;  is the Boltzmann constant (1,38  10− 23 J/K);  is Plank's Constant (6.626 
 10− 34 Js); c is the speed of light in a vacuum (2.998  10− 8 m/s); the value is converted from kelvin to

Celsius by subtracting 273.15.

2.5. Universal Thermal Climate Index (UTCI)
The Universal Thermal Climatic Index, or UTCI, is an index developed to observe the effect of
environmental temperature on humans (Zare et al., 2018ażejczyk, 1994). This index can provide
information about the human response to specific temperature conditions in several ranges of index
values (Park et al., 2014). Several parameters estimate UTCI: dry temperature, average radiation
temperature, water vapor pressure or relative humidity, and wind speed (Zare et al., 2018). This index is
considered one of the best indicators for calculating outdoor heat stress (Błażejczyk, 1994).

In this study, not all UTCI categories were used. Only 5 out of 10 categories are used according to the
temperature in the study area. The five categories are:

Extreme Heat Stress (> 46℃)

LST = ( ) − 273.15
T

1 + (λσT/(hc )) lnϵ

λ σ × h

× ×
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Very Strong Heat Stress (38℃ to 46℃)

Strong Heat Stress (32℃ to 38℃)

Moderate Heat Stress (26℃ to 38℃)

No Thermal Stress (9℃ to 26 ℃).

3. Results And Discussion

3.1. Local Climate Zone
The Local Climate Zone (LCZ) is an urban land classification system based on cities' morphological
characteristics, including building structures, materials, and land cover types (Cardoso et al., 2018). Local
Climate Zones describe areas with uniform land cover, structures, building materials, and human
activities within 100 meters to several kilometers (Stewart et al., 2014). The 17's Local Climate Zones
consist of 10 building classes and 7 land cover classes (Fig. 3). Each type of Local Climate Zone
represents microclimatic conditions based on the temperature response to the city structure (Aslam &
Rana, 2022).

Sumedang has various land covers with major vegetated areas. The division of LCZ classes has only 11
divisions spread throughout Sumedang. However, based on the composition area distribution, Sumedang
is dominated by LCZ type A (Natural Landscape. LCZ 6 and LCZ 3 was the predominant class covering up
to 30% of the region. LCZ 6 (open low-rise) and LCZ 3 (compact low-rise). Comparison between built-up
area (LCZ 1–10) and natural landcover type (LCZ A-G) is starkly different. The built-up area occupies 20%
of the total area. Meanwhile, natural land cover only takes 80% (Table 1). Dense trees covered almost
85.4% or a total of 1,357.49 Km2.
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Table 1
LCZ Sumedang Regency

LCZ Type Area (km2) Percentage (%)

1 Compact High Rise 0.01 0.00

2 Compact Midrise 0.00 0.00

3 Compact Low Rise 17.23 1.08

4 Open High-Rise 0.00 0.00

5 Open Midrise 0.00 0.00

6 Open Low-Rise 66.11 4.15

7 Lightweight low-rise 0.00 0.00

8 Large low-rise 4.66 0.29

9 Sparsely built 0.00 0.00

10 Heavy Industry 5.22 0.33

A Dense Trees 1,357.49 85.24

B Scattered Trees 0.00 0.00

C Bush, Scrub 0.00 0.00

D Low Plants 16.02 1.01

E Bare Rock or Paved 0.00 0.00

F Bare Soil or Sand 101.65 6.38

G Water 24.02 1.51

  Total Areas 1,592.40 100.00

Source: Data Processing

3.2. Land Surface Temperature
The land surface temperature in Fig. 1. is shown in the range of 15℃ to 45℃. Since each map has a
time interval of 4–5 years, LST shifts are visible. The areas in white colored are masked clouds, so they
are not included in the analysis. The 2017 map has a lot of cloud cover compared to other maps.
Nonetheless, this is not too significant because there is not much change in the southern part,
considering that the southern part is the foothills of Mount Kerenceng, which is dominated by high-
density forests. The most highlighted area is the Northeastern part of the Sumedang Regency. Based on
observations via Google Earth, the area is dominated by paddy field land use. There is no significant
addition of new buildings in the area. However, this region will have high and worsening temperatures in
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2022. Next is an area with urban characteristics, namely Sumedang Utara District, which experiences a
constant increase in temperature from year to year. This increase occurred due to the phenomenon of
urban sprawl. The development of the area widened, especially towards the South and North. These
phenomena were seen on the Southwestern border of Sumedang Regency, which was laid in Cimanggu
and Cikeruh District. The two districts were additional built-up areas, like housing, factories or
warehouses, and toll roads. Therefore, temperature increases (Shidiq et al., 2020; Tran et al., 2017).

The area change in LST was done around the Jatigede Dam. The Dam can be seen in the 2017 and 2022
images. Previously, this Dam was a paddy field and housing. Since the Dam's existence, the area above
the Dam has experienced a decrease in temperature. However, the surrounding area experienced a
temperature rise. Nevertheless, this does not determine a correlation between the large Dam and the
temperature around it because a change in land cover also comes with it (Degu et al., 2011; Kum, 2016).
(Table 2).

Table 2
LST 2007–2022 on Sumedang Regency

LST

(oC)

2022

Area (km2)

2022

Percentage (%)

2007

Area (km2)

2007

Percentage (%)

< 23 0,88 0,27 39,53 11,99

23,1–26,9 20,49 6,20 62,13 18,8

27–30,8 55,20 16,70 134,86 40,91

30,9–34,6 89,31 27,00 74,33 22,5

34,7–38,5 96,83 29,37 15,72 4,77

38,6–42,4 41,76 12,67 2,43 0,74

42,5–46,3 16,90 5,13 0,04 0,01

> 46,4 1,96 0,60 0,01 0,00

Source: Data analaysis

3.3. Temporal Analysis of LST
The average land surface temperature in the study area has increased from 2007 to 2022. The most
considerable increase occurred from 2017 to 2022. The temperature increased to 4.68℃. The maximum
temperature tends to increase yearly, although decreased from 2007 to 2013, while the minimum
temperature is relatively stable, and the highest standard deviation occurred in 2022. The temperature
distribution is normally distributed, and every year the curve shifts towards higher temperatures. A
significant change occurred in 2022. Apart from being marked by an average temperature increase of
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4.68℃, the standard deviation is also the largest. This standard deviation indicates a relatively even
distribution of temperature units compared to previous years. More details can be seen in Fig. 7.

3.4. Urban Heat Hazard
The land surface temperature is divided into five categories based on UTCI, and the transformations from
year to year can be seen in Fig. 3. The hazards occurred in 2012 and 2013, with stress categories from
strong heat stress to extreme heat stress. Extreme heat stress only had a small portion from 2007 to 2022
(0.15 km2, 0.21 km2, and 0.08 km2, respectively), but in 2022 this category rose to 11.78 km2. The same
thing happened in the very strong heat stress category. The area of this category increased almost
tenfold from 36.22 km2 to 354.18 km2 from 2017 to 2022. Meanwhile, the strong heat stress category
increased slowly compared to the previous two classes. The moderate heat and no thermal stress
categories tend to experience a decrease in the area each year. The decrease in the moderate category
from 2007 to 2022 reached 436.1 km2. The no thermal stress category decreased from 2007 to 2022,
reaching 323.5 km2. The fluctuations based on UTCI can be seen in Fig. 8.

Table 3
Variation of land surface temperature area based on UTCI

Heat Stress Category 2007 (km2) 2022 (km2) (+/-)

Extreme Heat Stress (> 46℃) 0.15 11.79 + 11.64

Very Strong Heat Stress (38℃ to 46℃) 17.10 354.18 + 337.08

Strong Heat Stress (32℃ to 38℃) 318.77 736.00 + 417.23

Moderate Heat Stress (26℃ to 38℃) 775.91 339.81 -436.10

No Thermal Stress (9℃ to 26 ℃) 400.09 76.59 -323.50

Source: Analysis Data

Related to LST, the distribution of UTCI also changes every year. Heat stress levels increased in activity
centers such as in North Sumedang District. This heat level is dangerous, considering the densely
populated area (Wibowo et al., 2016). The intense heat stress category can cause dynamic Thermal
Sensation (DTS), an average sweat rate of more than 200 g/h, an increase in rectal temperature at 120
min, latent heat loss, and instantaneous changes in skin temperature (Błażejczyk et al., 2013). Then the
very strong heat stress category can cause a core-to-skin temperature gradient < 1K (at 30 min) and an
increase in rectal temperature at 30 min (Błażejczyk et al., 2013). Finally, extreme heat stress can cause
an increase in rectal temperature time gradient, a steep decrease in total net heat loss, and a steep
increase in average sweat rate > 650 g/h (Błażejczyk et al., 2013). The distribution of hazardous areas
based on UTCI year 2007 can be seen in Fig. 9 and UTCI Sumedangnn regency year 2022 in Fig. 10.
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Land surface temperatures in Sumedang Regency have continued to increase from 2007 and 2022.
Temperature increases on the border in the Northeast, Southwest, and North Sumedang Districts. Based
on the observed urban heat signature, part of the cause of the temperature change is due to construction
(housing, factories or warehouses, and toll roads). The most significant increase in average temperature
occurred from 2017 to 2022 (4.68℃). The strong heat stress category (736 km2 in 2022) can cause
dynamic thermal sensation (DTS), averaged sweat rate of more than 200 g/h, an increase in rectal
temperature at 120 min, latent heat loss, and instantaneous changes in skin temperature (Błażejczyk et
al., 2013). Then the very strong heat stress category (354.18 km2 in 2022) can cause a core-to-skin
temperature gradient < 1K (at 30 min) and an increase in rectal temperature at 30 min (Błażejczyk et al.,
2013). Finally, extreme heat stress (11.79 km2 in 2022) can cause an increase in rectal temperature time
gradient, a steep decrease in total net heat loss, and a steep increase in average sweat rate > 650 g/h
(Błażejczyk et al., 2013).

4. Conclusions
The Local Climate Zone (LCZ) in Sumedang Regency has 8 classifications. The highest building density
is in the low-rise compact LCZ. The maximum vegetation density is in the LCZ dense tree with forest and,
on the other hand, the highest LST in the open low-rise zone with residential land use with relatively high
human intensity. The LCZ is characterized by built-up land with medium density located in the center. The
results found an increase in LST from 2007 until 2022, with the most significant increase occurring in
2022. This increase was accompanied by changes in land cover in Sumedang Regency. The construction
of toll roads has led to a substantial rise in LST. Land surface temperatures in Sumedang Regency have
continued to increase from 2007 until 2022, and based on the observed urban heat signature, the most
significant increase in average temperature occurred from 2007 to 2022 (4.68℃). The strong heat stress
category can cause dynamic thermal sensation (DTS), averaged sweat, and the very strong heat stress
category can cause a core-to-skin and an increase in rectal temperature, and extreme heat stress can
cause an increase in rectal temperature time gradient, a steep decrease in total net heat loss, and a steep
increase in average sweat rate.
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Figures

Figure 1

Study Area on Sumedang Regency
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Figure 2

GEE for LCZ Sumedang Regency
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Figure 3

Local Climate Zone in Sumedang Regency
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Figure 4

Distribution of land surface temperature 2007 in Sumedang Regency
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Figure 5

Distribution of land surface temperature 2022 in Sumedang Regency
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Figure 6

Change in average land surface temperature
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Figure 7

Data distribution of land surface temperature

Figure 8

Variation of land surface temperature area based on UTCI
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Figure 9

The distribution of UTCI classification 2007
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Figure 10

The distribution of UTCI classification 2022


