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ABSTRACT

The Covid-19 outbreak rapidly became a global pandemic in December 2019, spreading through
droplets, direct contact, and possibly airborne transmission. Southeast Asian nations like Malaysia and
Indonesia experienced delayed outbreaks but saw a surge in cases. Analysing Covid-19 spatial patterns,
especially concerning temperature and humidity, provides valuable insights. Utilizing remote sensing,
allows studying the correlation between temperature conditions and Covid-19 outbreak patterns. This
study focuses on investigating the impact of urban heat islands (UHIs) on Covid-19 outbreaks in Jakarta
and Greater Kuala Lumpur, given their significant caseloads in Indonesia and Malaysia, respectively.
The research integrates remote sensing, secondary data, and statistical analysis methods. Remote
sensing was used to acquire land surface temperature (LST) and Normalized Difference Vegetation
Index (NDVI). The analysis revealed that industrial and commercial areas were hotter than others
during normal times, but during the pandemic, LST and UHI shifted from industrial to settlement areas
due to large-scale social restrictions. This shift corresponded with the cessation of office, tourism, and
industrial activities during lockdowns in March and July 2020 in Jakarta and Greater Kuala Lumpur,
respectively. The concentration of people shifted from central business and industrial areas to
residential areas during lockdowns, resulting in changes in UHI patterns.

Key-words: LST, UHI, Covid 19, NDVI, Urban climate, Social restriction
1. INTRODUCTION

In December 2019, the City of Wuhan which is located in Hubei, China developed into the
epicentre of unknown pneumonia disease outbreaks. At the beginning, the number of the suspect
increased both inside and outside China. At the same time, The China local government conducted
rapid prevention to control the transmission of virus by conducting detail investigation of the virus,
identification and insulated the positive suspect, continuous monitoring and medication the patient,
also reconstruct the specific standard operational of patient diagnostic. As a result, at January 7, 2020,
the China scientist successfully revealed the cause of unknown pneumonia outbreak in China. He
found that the pneumonia was caused from a virus which later known as Corona Virus 2019 (Covid-
19), (Heymann, 2020).
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At early stage of pandemic, Covid-19 started to infect the other countries who has close
relationship with China such as Thailand, Japan, Korea, USA, Vietham dan Singapore (China
National Commission, 2020). The suspect of Covid-19 increased both in China and other countries.
More than ten of thousands positive cases associated with Covid-19 were identified in several
countries. The Covid-19 spread rapidly through droplet, direct contact to the positive suspect, and
was able to spread airborne (Luo and Gao, 2020; Lu, Stratton and Tang, 2020; Wang, Tang, and Wei,
2020; Li et al., 2020).

Malaysia and Indonesia are Southeast Asia Countries that experienced spread of Covid-19 on
Late January and early March 2020, respectively. It was slightly different with the other four
neighbouring countries such as Thailand, Vietnam, Singapore, and Australia which started the Covid-
19 spread on December 2019. Similar with other countries, the number of infected Covid-19 in
Indonesia and Malaysia increased exponentially at the beginning stage of pandemic. On April 2020,
the accumulative positive cases of Covid-19 reached 5,780 people with the number of death around
98 people. Meanwhile, in Indonesia there were 7,125 positive cases of Covid-19 with the number of
death around 616 people. The distribution of Covid-19 cases in Malaysia and Indonesia until April
2020 is provided in Figure 1 and 2 below.
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Fig. 1. The Covid-19 outbreak in Malaysia until 3 May 2020.
Source: Ministry of Health of Malaysia, 2020.
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Fig. 2. Distribution of Covid-19 outbreaks in Indonesia until 20 April 2020.
Source: Badan Nasional Penanggulangan Bencana (BNPB)/ National Disaster Management Agency,
Indonesia, 2020.
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In term of spatial pattern of Covid-19 outbreaks, there were some interesting facts that need to
be observed further. At the beginning of outbreaks (December 2019-January 2020), the Covid-19
infected the country which is located in the high latitude such as US (Naeger & Murphy, 2020; Dutta
etal., 2021), Italy (Bassani et al., 2021) and France (Kovacs & Haidu, 2021; Kovacs & Haidu, 2022).
Araujo and Naimi (2020) found that based on the mathematical model, tropical climate with the high
temperature is able to unstable the virus and make it easy to die. Previous researches also concluded
the similar things. The temperature and humidity level affect the level of virus transmission in
particular area. Thus in high latitude countries (low temperature and low humidity), the virus grow
and spread rapidly across the country (Chen et al., 2020, Sajadi et al. 2020; Sun et al. 2020; dan Wang
et al. 2020). The cold air temperature and low humidity condition are evidently helps the virus to last
longer (Sun et al., 2020). Based on the spatial pattern analysis, the area with average surface
temperature 5.810C and minimum-maximum temperature of -3.440C — 12.550C are closely
associated with the location of Covid-19 infected people.

Indonesia and Malaysia which is located in tropical area have relatively high temperature and
humidity comparing the other high latitude countries. Thus this condition can reduce the rate of the
virus outbreaks. Based on the climate monitoring, in general, the temperature and humidity level in
Indonesia and Malaysia increase in April to August 2020. However, the Covid-19 transmission still
occur in several big cities in Indonesia and Malaysia such as Jakarta and Kuala Lumpur. Thus this
phenomena need to be further observed to get the better understanding how far the climate element
(temperature and humidity) inhibit the rate of virus outbreaks.

The temperature information can be easily obtained from remote sensing technology. Without
any direct contact into research area, the temperature and humidity level can be precisely discovered.
One of the satellite imageries that can be used to extract the temperature data is Landsat 8 OLI
(Prohmdirek et al., 2020). Landsat provide 11 bands with 2 channels (10 and 11) which consists the
thermal infrared (TIR). These channels able to record the surface temperature of the observed object.
Thus it will interesting to conduct a research about the spatial analysis of relationship between
temperature condition and the Covid-19 outbreak pattern. The urban heat island (UHI) will used as
main parameter to characterise the temperature and humidity condition in Jakarta and Greater Kuala
Lumpur. By identify the UHI pattern, the local temperature which affected by land use and air
pollution can be identified accurately (Ibrahim, 2019). Thus, based on the aforementioned background
above, this study aims to understand the urban heat island during the Covid-19 outbreak. Two big
cities, The Greater Jakarta and Greater Kuala Lumpur, were chosen to conduct this research. In term
of the number of the confirmed positive cases, both cities have the largest number of confirmed
positive cases in Indonesia and Malaysia.

2. STUDY AREA

The two largest cities in Southeast Asia, Jakarta and Greater Kuala Lumpur, are presented in a
comparative analysis in the present study. Those two cities is similar in terms of physical and human
geography, the growth with respect to population size are in contrast to each other. Jakarta has around
9.61 million population, while Kuala Lumpur only 1.63 million population. Jakarta, is coastal city
located in the north cost of west part of Java. Jakarta is the capital city of Indonesia and, therefore, is
a centre of a large number of executive buildings and residential areas. Similar with Jakarta, Kuala
Lumpur, is a coastal city and is the financial capital of the country. Kuala Lumpur located in the west
coast of Malaysia close to the busiest strait in the world namely Malaka Strait. Gemorphologically,
Kuala Lumpur is characterised as a huge valley known as “Lembah Klang” or Klang Valley which
bordered by Titiwangsa mountainous area in the east, north and south and also bordered by the Malaka
Strait in the west.

Jakarta expands into a Jakarta Metropolitan Region (JMR) or known as Jabodetabek (Jakarta-
Bogor-Depok-Tangerang-Bekasi). This area develop into urban area which support the activities in
the Jakarta as capitol city Indonesia. This area covers the sub-urban area in the west (Tangerang),
south (Bogor and Depok), and the east (Bekasi) (Taki and Maatouk, 2018). Similar with Jakarta,
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Kuala Lumpur expand rapidly to the east side (Hulu Langat) and north (Gombak) of the city (Boori
et al., 2015). The west and the south side of the City Centre Commercial (CCC) Kuala Lumpur is
bordered with the busy industrial area known as Petaling Jaya and Putra Jaya, respectively. There are
also two important public facilities which are located in Petaling jaya and Putra Jaya, i.e., Klang
Seaport in Petaling Jaya and international airport Kuala Lumpur in Putra Jaya. Kuala Lumpur also
expand rapidly into Greater Kuala Lumpur which consists of Sabak Bernam, Kuala Selangor, Ulu
Selangor and Gombak in the north part; Klang and Petaling in the west part; Kuala Langat and Sepang
in the south part; and Ulu Langat in the east part of Kuala Lumpur City Centre,

In term of climate, Jakarta and Greater Kuala Lumpur has similar tropical climate. The average
monthly temperature are between 26 to 28°C (Masoudi et al., 2019). Both Jakarta and Greater Kuala
Lumpur has dry and rainy season which affected by the monsoonal wind. Figure 3 below shows that
the Jakarta and Greater Kuala Lumpur have similar pattern of temperature, monthly average rainfall,
humidity and daylight, because they are located in the same climatic zone and greatly influenced by

the ocean (Fig. 4).
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Fig. 3. Comparison of monthly average temperature, monthly rainfall, humidity, and daylight duration in
Jakarta and Kuala Lumpur.
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Jakarta and Greater Kuala Lumpur map.
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3. DATA AND METHODS

There are three main steps to conduct this study, first step is to know the covid-19 distribution in
study area (Jakarta-Kuala Lumpur). The second step is two extract the surface temperature and the
third step are to calculate the Urban Heat Island (UHI). The last step is to analyse the relationship
between covid-19 distribution and UHI index. The LST will be extracted by using several equations
through remote sensing software based on the image analysis of Landsat 8 OLI (Worachairungreung
etal., 2023). Landsat 8 OLI or often called as L8 is the newest generation of Landsat after Landsat 7
ETM was stated experienced damage on one of the scanner sensors especially on Scan Line Corrector
(SLC) on May 2003. Since that time, L8 was launched to work around 5 year. The main objective of
L8 is to continue providing data which had been done by the previous generation. This project (L8)
provides the satellite imagery which has faster temporal resolution (16 days) and also provides an
open-source image base on the cloud platform. L8 carries several new innovations from the previous
generation. The comparison between Landsat 7 and 8 can be seen in Table 1. The L8 was designed
to have Sun-Synchronous with the altitude of 705 km. L8 has 16 days of temporal resolution with
98.9 minutes of orbital time travel. L8 carries 2 main sensors namely OLI and TIRS. OLI was made
by BATC and TIRS was developed by NASA GSFC. Both of them have ability to records
simultaneously, although they can operate individually if damage occurs on one of the sensors.
Furthermore, there are also slightly different in term of the number of carried bands. The detail
information of bands in Landsat 7 and 8 can be seen in Table 2.

Table 1.
The observation ability in L7 and L8.
Landsat 7 Landsat 8
Scene per day ~450 ~700
SSR size 378 Ghits, Block-based 3.14 Terabit, file-based
Type of Sensor ETM+, Whisk-Broom OLI/ TIRS, Push broom
Compression No ~2:1 Variable rice compression
Data rate 150 Mbits/ second x 3 bands/ 384 Mbits/ second, CCSDS bands virtual
frequency
Encoding No all of CCSDS compliant CCSDS, LDPC FEC
Range S-band 2-way Droppler GPS
Orbit 705 km Sun-syn. 98,20 705 km Sun-syn. 98,2°
Crossing time ~10:00 AM =+ 15 minutes ~10:00 AM =+ 15 minutes
Source: USGS, 2019.
Table 2.
Comparison of bands between Landsat 7 and 8.

Bands (um) of Landsat 7 ETM+ Bands (um) of Landsat 8 OLI and TIRS

30 m Coastal/ Aerosol 0,435-0,451 Band 1
Band 1 30 m Blue 0,441-0,514 30 m Blue 0,452-0,512 Band 2
Band 2 30 m Green 0,519-0,601 30 m Green 0,533-0,590 Band 3
Band3 30 m Red 0,631-0,692 30 m Red 0,636-0,673 Band 4
Band 4 30 m NIR 0,772-0,898 30 m NIR 0,851-0,879 Band 5
Band 5 30mSWIR-1  1,547-1,749 30 m SWIR-1 1,566-1,651 Band 6
Band6 60mTIR 10,31-12,36 100 m TIR-1 10.60-11.91 Band 10

100 m TIR-2 11.50-12.51 Band 11
Band 7 30 mSWIR-2 2,064-2,345 30 m SWIR-2 2,107-2,294 Band 7
Band 8 15 m Pan 0,515-0,896 15 m Pan 0,503-0,676 Band 8

30 m Cirrus 1.363-1.384 Band 9

Source: USGS, 2019.
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Urban Heat Island (UHI) can be defined as the urban temperature transformation in comparison
to their surroundings area (Schwarz et al. 2011). Two common approaches to calculate the UHI are
first, direct air temperature measurement, and second, measuring the surface temperature (Streutker,
2003). Today with the rapid enhancement of remote sensing technology, the land surface temperature
can be obtained through satellite imagery analysis to support the UHI study around the globe. Several
studies in different type of satellite imagery had been conducted to obtain the land surface temperature
in order to support the UHI study. Schwarz et al. (2011), Tomlinson et al. (2012) and Miao et al.
(2009), succeeded to extract the land surface temperature and to analyse the UHI through low-
resolution sensor (MODIS). Meanwhile Chen et al. (2006), Zha et al. (2003), Liu & Zhang (2011)
and Kaplan et al (2018), successfully utilized the middle resolution image such as Landsat 8 OLI and
ASTER to study the UHI for particular cities and smaller area. Most of those previous study revealed
that the different level of UHI is dominantly controlled by surface temperature which depends on the
function of different land cover (Owen et al., 1998) especially the vegetation abundance (Chen et al.,
2006; Gallo and Owen, 1999; Weng, 2001; and Weng et al., 2004). The recent study analysis the UHI
phenomena during the pandemic Covid in two similar areas, i.e. greater Kuala Lumpur, Malaysia and
Jakarta, Indonesia. Both areas are compared the UHI before and during the pandemic COVID-19.
LANDSAT-8 on May, July, September, and December 2020 were used to obtain the LST and UHI.
Meanwhile, Landsat 8 on March and August 2019 and 2020 were used to generate LST and UHI in
Greater Kuala Lumpur. This recent study analysed also the relationship between the policy during the
pandemic covid 19 and the UHI pattern.

In Malaysia, Covid-19 case started on Januari 25, 2020 (Hashim etal., 2021) and the government
applied Lockdown in mid-March (Yusof, 2021). Meanwhile, In Indonesia first case of COVID-19
started on March 2, 2020 (Damaledo, 2021) and first lockdown in Indonesia as known as PSBB
(Large-Scale Social Restrictions) which was applied in April 10, 2020. The data used represented 2
season, dry season and wet season in Jakarta and Kuala Lumpur. The data used is the Landsat 8 OLI
with minimum cloud cover. The UHI identification consist of several steps such as calculating the
radiance value of the satellite imagery, brightness temperature value conversion, and calculating the
Land Surface Emissivity (LSE). The LSE was calculated by considering the Normalized Difference
Vegetation Index (NDVI) and Proportion of Vegetation (PV) (Sobrino et al., 2004). The set of
equation was used to generate the UHI index and the research flow can be seen in Figure 5.
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Fig. 5. The workflow of the research.
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Note. LA: Radiance; ML and AL: factor value radiance from metadata; DN: digital number of each pixels; BT: Brightness
Temperature; K1 and K2: Obtain from metadata of Landsat imagery is constant value; E: Emissivity; Pv: proportion
vegetation value; NDVI: Normalised different Vegetation Index; LST: land surface temperature; C2 follow equation 7 below;
UHI is urban heat island; TS is land surface temperature, x is the average value of TS and « is standard deviation of TS.
Equation 7.

C
C2= h;
h = Planck constant value (1.38 x 102 JK™); ¢ is light speed vacuum (2,998 X 10-8 **1); s = Boltzmann constant value (1.38
x 102 JK1); C2 value is constant around 14,338 MK.

4. RESULTS
4.1. Land surface temperature (LST)

Air temperature and surface temperature is slightly different. Air temperature refers to the
measurement of the temperature of the air in the Earth's atmosphere. It is typically measured at a
certain height above the ground, often at around 1.5 to 2 meters (5 to 6.5 feet) above the surface. This
measurement is commonly recorded using thermometers placed inside a weather station or other
measuring devices. Air temperature is an important parameter in weather forecasting, climate studies,
and various applications ranging from agriculture to energy consumption predictions. It plays a
significant role in determining weather patterns, as variations in air temperature lead to changes in
atmospheric pressure, wind patterns, and precipitation. (Good et al., 2017). Land surface temperature
(LST) refers to the temperature of the actual land or ground surface itself. LST can be vary based on
the factors such as land cover (forests, urban areas, deserts), moisture content, and solar radiation
received by the surface. LST is commonly measured using remote sensing techniques, such as satellite
sensors that detect infrared radiation emitted by the Earth's surface. These sensors can provide a
comprehensive view of land surface temperatures across large geographic areas. LST data are crucial
for studying urban heat islands, monitoring agricultural productivity, assessing environmental
changes, and understanding the Earth's energy balance.

During the observation months (May, July, September and December 2020), there are strong
heterogeneity of land surface temperature in Jakarta. The observed months refers to the dry and wet
season in Indonesia. July-September represent the wet season, meanwhile December represent the
wet season. The land surface temperature variation also occur in different type of land cover over the
Jakarta. The minimum surface temperature in the observed month are 13.42°C, meanwhile, the
highest surface temperature of study area is 35,73°C. During the dry season which has low humidity
and rainfall, the temperature near surface is vary between 13-34°C. Meanwhile, the rainy season
which has high humidity and rainfall, the temperature near surface is vary between 13-35°C. The LST
condition during the observation months can be seen in Figure 6 below.

During the Pandemic Covid-19 LST in Greater Kuala Lumpur has similar pattern in Jakarta,
Indonesia. There was a shift in LST distribution from industrial area (Pelabuhan Klang-Petaling Jaya)
to settlement area in the east such as Wangsa Maju, Cheras, Hulu Langat and Puchong. In March
2020 (dry season), the LST in Kuala Lumpur range between 13.01 — 33.53°C. The hot temperature
tends to distribute in industrial area in Centre part of Greater Kuala Lumpur from west side (Klang)
to the east part of Hulu Langat. In general, the centre to south part of Greater Kuala Lumpur
experienced higher LST comparing than the north part of Kuala Lumpur (Fig. 7 (left)). Whereas, LST
in Greater Kuala Lumpur slightly shifted to the west direction during the August 2020. The LST value
in August 2020 range between 15.92-35.48°C.

The shifting LST mostly occurs because wind speed (Klysik & Fortuniak, 1999; Steeneveld et
al., 2011; Wang et al., 2019), or water index variability (Binarti & Santoso, 2023). However, recently
during the covid-19 pandemic, the population restriction policy indirectly affects the LST pattern
(Hadibasyir et al., 2020; Saputra et al., 2022). The restriction policy forced the people to stay and
work at home to decrease the covid-19 transmission. As a results, the LST pattern move to the
settlement area due to high energy and electricity consumption in household level (Shofirun et al.,
2023; Elvidge et al., 1997; Bessec et al., 2008).
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The LST pattern in March and August 2020 can be seen in Figure 7 (Left) and 7(Right) below.
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Fig. 7. LST Greater Kuala Lumpur in March 2020 (left) and August 2020 (right).
4.2. Urban Heat Island (UHI)

The phenomenon where a particular area has a higher temperature compared to its surroundings is
known as the urban heat island effect. In the most of big cities, the temperature at the city centre is
observed to be elevated in comparison to the surrounding areas (Adinna et al. 2009; Synnefa et al.
2008; Yamamoto 2006). In general, Jakarta and Greater Kuala Lumpur have similar pattern of UHI
phenomena. In Jakarta, UHI tend to occurs in industrial area which are located in the north and east
part of Jakarta. While, in Greater Kuala Lumpur UHI tend to occur in city centre (Central Part) and
industrial area (west part). The value of UHI in Jakarta range between 0-5.8°C and 0-7.7°C in July
and December 2020, respectively. On the other hand, The UHI in Greater Kuala Lumpur range
between 0-9.5°C and 0-11.3°C in March and August 2020, respectively. The UHI distribution both In
Jakarta and Greater Kuala Lumpur is provided in Figure 8 below.

5. DISCUSSION

During pandemic of Covid-19 every country has their own regulation to minimise the virus
transmission and fatalities. Jakarta, capitol city of Indonesia, implemented several policies to reduce
the virus transmission. Jakarta at least implemented 5 large-scale social restriction (PSBB) in May-
December 2020 and Activities Restriction Enforcement (PPKM) in January to December 2021. The
PSBB including work from home, social distancing, restriction on public and sociocultural event or
services and limitation of public transportation (Retnowati et al., 2022).
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PSBB allows only important sector such as health facility, food, and banking to keep open with
certain rule. Meanwhile, PPKM regulates the portion of Work from home (WFH) and work from
office (WFO) also dine-in in the restaurant regulation (25% from capacity). By implementing these
policies, Indonesia government succeeded to reduce the virus transmission. Furthermore, this policy
also indirectly affects the LST and UHI pattern. In July 2020 when Jakarta implemented the PSBB
Stage, the UHI condition has the ordinary pattern. The UHI occurred in city center, CBD, industrial
area and commercial area. However, in December 2020 when the Jakarta implemented PSBB stage
5, the UHI shifted form commercial, CBD, city center and industrial area to settlement area in the
East and West Jakarta. The reason for this lies in the fact that the rigorous policy endorsed limitations
on social activities, encompassing office tasks, entertainment, and public transportation. As a result,
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the people most spend their time at home and caused more consumption on energy and electricity.
This accumulation condition will lead to increase the air and surface temperature.

Similar to Jakarta, The UHI in Greater Kuala Lumpur were shifted as some social regulations
applied during the pandemic Covid-19. During the pandemic Covid-19 Malaysia government applied
at least 6 phases of Social Restriction namely Pre-Movement Control Order (Pre-MCO), MCO,
Conditional MCO, Recovery MCO, Extended MCO, and MCO 2.0. (Rajendran, 2021) (Fig. 10). Full
lockdown or MCO were applied in early stage of pandemic, 18 March-3 May 2020. All sectors were
lockdown except important sector such health, food supply, bank, and logistics. As a results some
industrial and commercial area such Klang Harbour and industrial areas and Kuala Lumpur City
Centre (KLCC) were closed. This condition effect the UHI pattern in Greater Kuala Lumpur. UHI
tend to arise in settlement area eastern part of KLCC (Fig. 8). This results in line with the previous
research (Shofirun et al., 2023; Elvidge et al., 1997; Bessec et al., 2008; Hadibasyir et al., 2020) who
found that social restriction policy forced the people to limit their movement and keep stay at home.
Thus, when somebody stay longer in the home means the energy and electricity consumption also
increase. This prolonged situation will lead the LST as well as UHI in the atmosphere. The detail
illustration of the relationship between the applied social regulation during pandemic, covid-19 cases,
air temperature, and UHI in Jakarta and Greater Kuala Lumpur can be seen in Figure 9 and 10,
respectively.

The shifting pattern of UHI was also signified when the UHI in the same months a year before
Covid-19 compared with the UHI during the pandemic. For instance, in Greater Kuala Lumpur, the
UHI of March and August 2019 (normal condition, before Covid-19) occurred in the Klang Harbour
and Industrial area in March and August 2019. During the Covid-19, when the government applied
the Pre-MCO and RMCO (March and August 2020) the UHI shifted to the settlement area in the east
part of KLCC. The Greater Kuala Lumpur UHI shifting before and during the pandemic can be seen
in Figure 11.
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6. CONCLUSIONS

This study has compared the LST and UHI pattern between different social regulation during
pandemic Covid-19 both in Jakarta and Greater Kuala Lumpur. Results showed that the LST and
UHI has shifted during the two observed months (July-December 2020 in Jakarta and March-
August 2020 in Greater Kuala Lumpur). In July and December 2020, the Indonesian government
applied large scale social restriction (PSBB) stage 2 and stage 5, respectively. The government
policy forced the population to stay at home. Thus, further this condition affected the LST and UHI
pattern. Results showed that during the observed month the LST and UHI shifted from industrial
area to settlement area.

Similar to Jakarta, Greater Kuala Lumpur has experienced the same LST and UHI movement.
During the observed month March 2020, Kuala Lumpur experienced by transition regulation from
pre MCO to fully MCO, meanwhile in December 2020 Malaysian Government applied Recovery
MCO (RMCQO). As a results, the LST and UHI started to decrease in Industrial area and appeared in
settlement area in the east part of KLCC in March 2020 and in December 2020, the LST and UHI
occurred in majority settlement area in the east part of Kuala Lumpur due to the RMCO regulation.
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