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Climate change is one of the biggest challenges and threats to humanity 

today whose impact has very high dynamics. The high population density, 
population number, and population activity cause physical changes that 

affect the microclimate. Microclimate change can reduce people's thermal 
comfort/temperature humidity index (THI). The impact felt by the 

community is in the form of discomfort in outdoor activities, health risks 

such as heat stress, impact on agriculture and natural resource conservation, 
and animal health on farms to impact emergency response in disaster 

situations. Moreover, the summer of 2023, a record-breaking summer in 
2023, continues the long-term warming trend, indicating the need for a 

study on the state of THI. This study aims to analyze THI trends and map 
the distribution of THI in South Sulawesi Province in 2013-2023. The 

method used in this study is a quantitative-descriptive method through a 

remote sensing approach using Google Earth Engine (GEE). The 
Temperature Humidity Index (THI) of South Sulawesi Province in the 

2013-2023 time bracket with a cold category with a THI value of < 21 °C 
has an area of 994384.62 hectares, the comfortable category with a THI 

value of 21°C – 24°C has an area of 1190393.32 hectares, the fairly 
comfortable category with a THI value of 24 °C – 26°C has an area of 

1810662.30 hectares and the uncomfortable category with a THI value of > 

26°C has an area of 532780.13 hectares. 

How to cite: Susiyanti, S. (2025). Spatio Temporal Modeling in Analyzing Temperature Humidity Index Using Google Earth Engine 
in South Sulawesi: Impact Analysis and Sustainable Mitigation Efforts. Jambura Geoscience Review, 7(1), 105-117. 

https://doi.org/10.37905/jgeosrev.v7i2.30644 

1. INTRODUCTION  

Climate change is one of the biggest challenges and threats to humans today, the impact of 
which is dynamic and has been identified as a major problem of the twenty-first century (Anandhi 
et al., 2011; Demasi et al., 2022; Hagemann et al., 2013; Huang et al., 2022). Climate is a natural 
factor that has a major influence on human life (Alizadeh, 2023). According to the 

Intergovernmental Panel on Climate Change (IPCC) Report (Fifth Assessment Report), global 
temperatures have increased rapidly since 1951 (Alexander, 2016). In 2014, Indonesia experienced 
an increase in air temperature of approximately 0.8 °C in the last 100 years, which triggered a 
hydrometeorological disaster (Malihah, 2022; Nasrul, et al., 2024). 
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High population density and activities cause physical changes in areas that affect the 
microclimate. Microclimate changes can reduce thermal comfort levels (Djelailia et al., 2023; 
Marciniak, 2014). Increasing temperatures will also have an impact on reducing people's thermal 
comfort levels which will be dangerous if no steps are taken to prevent it. The El Niño – Southern 
Oscillation (ENSO) factor is also considered to influence increasing temperatures (Agroho et al., 
2021; Arfandi et al., 2024; Duan et al., 2021; Maru et al., 2024; Taufiq & Wulandari, 2022). 

The observed climate change over a comparable period, both before and after, indicates a 
significant shift in climate patterns (Anggraini & Yuadi, 2023; Nasrul et al., 2024; Utami et al., 
2024). Several studies, including that by Kustia and Sihombing (2022), have identified a trend of 
rising temperatures in Indonesia over the past few decades, which reflects the effects of ongoing 
climate change and global warming. The impact of global warming, primarily driven by increasing 
concentrations of carbon dioxide (CO2) in the atmosphere, has emerged as one of the most critical 
issues that must be addressed globally because of its widespread threat to ecosystems and human 

life (Eko et al., 2022; Ginting, 2017; Haris et al., 2023; Maru & Ahmad, 2014). Under various 
emission concentration scenarios, it is projected that temperatures in Indonesia will continue to 
rise in the future, exacerbating existing conditions and adding to the social, economic, and health 
burdens of the population. According to scientists at the Goddard Institute of Space Studies (GISS) 
at NASA in New York, the record-breaking heat of the summer of 2023 continues a long-term 
warming trend that has been observed over the past several decades, causing various tangible 
impacts on society, such as increased excessive energy use, physical discomfort, and heightened 
health issues (Utami et al., 2024). Therefore, urgent and coordinated measures are needed to 
address the negative impacts of rising temperatures and prevent further damage to the environment 
and quality of life of people worldwide (Nasrul, Nur, et al., 2024; Rahaman et al., 2023). 

Based on this, researchers are interested in conducting in-depth research on the thermal comfort 
index or Temperature-Humidity Index (THI) with a special focus on the Sulawesi Province region, 

using remote sensing techniques via Google Earth Engine (GEE). GEE is a cloud-based platform, 
as described by Merchant et al. (2023), which offers environmental data analysis capabilities on a 
global scale, where users only need to access data from a repository on Google to obtain remote 
sensing imagery and other geospatial data in very large quantities, reaching petabytes. 
Additionally, Google Earth Engine has a variety of scientific algorithms already available on the 
platform, as described by  Angkasa et al. (2023), providing a great opportunity for researchers to 
combine and develop existing algorithms and have broad and consistent data coverage with regular 
data updates. In addition, this platform enables a much faster computing process by utilising the 
computing energy available on Google servers, as explained by Lin et al. (2024), making it a very 
effective tool for conducting research involving the analysis of environmental data on a large scale. 

The THI phenomenon is currently a national and international issue because of its huge impact 
(Rahaman et al., 2023). This is proven by the increase in air temperature of approximately 0.8 °C 
in the last 100 years (Alexander, 2016). The high population density, population, and population 
activities cause physical changes in the area which can increase the atmospheric temperature and 
impact the thermal comfort level of the community, especially in the South Sulawesi Province 
region. If no further treatment is carried out, this phenomenon will have negative effects on humans 
and the environment. The urgency of this research lies in the importance of knowing the condition 
of THI in South Sulawesi Province as an effort to mitigate microclimate change. South Sulawesi is 
one of the regions with increasing surface temperature intensity due to climate change which has 
an impact on greenhouse gas emissions. 

2. METHOD 

2.1. Type and Location of Research 
This study employed quantitative-descriptive methods using remote sensing. The numerical 

data were systematically analysed to produce structured information (Kustia & Sihombing, 2022). 

Remote sensing techniques using the Google Earth Engine utilised Citra Land ERA 5 data from 
the ECMWF Reanalysis v5 for time series analysis from 2013 to 2023, enabling long-term 
environmental data processing with high accuracy (Hehanussa et al., 2023). 
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2.2. Data Collection 
Data were collected using two main sources. First, water temperature and relative humidity data 

(2013–2023) were obtained from the ECMWF’s ERA5-Land dataset via Google Earth Engine. 
Second, validation data were obtained from the South Sulawesi Climatology Station (BMKG). A 
correlation test was conducted to assess the consistency between the BMKG and ECMWF data. 

2.3. Data Analysis 
The data analysis technique used in this research is as follows: the air temperature was 

determined using ERA5-Land data by utilising the 2-meter temperature band. This band was then 

multiplied by the slope coefficient and converted to Celsius. The script code used for this process 
is shown in Figure 2. 

 
The next step was to determine the Relative Humidity (RH) value, which is the percentage of 

moisture in the air relative to the maximum amount of moisture that the air can hold at a given 
temperature. This value was obtained using ERA5-Land imagery by utilizing the 2-meter dew point 
temperature band and converting the temperature from Kelvin to Celsius. The relative Humidity 
is calculated using the following formula: 

RH = 100 − 5(T − TD)                                                                                                                                        (1) 
 
where RH is Relative Humidity; T is Air Temperature; and TD are Dew Point Temperature. The 
script code used for this calculation is shown in Figure 3. 

 
Figure 1. Map of the research location. 

 
Figure 2. Script for converting ERA5-Land 2m temperature to Celsius. 



 

 
doi: 10.37905/jgeosrev.v7i2.30644 

 

ejurnal.ung.ac.id/index.php/jgeosrev 
 

 

Copyright © 2025 The Authors. Published by Department of Earth Science and Technology, Universitas Negeri Gorontalo 
This work is licensed under a Creative Commons Attribution (CC-BY) 4.0 International License. 

 

 108  
 

 

The next step was to determine the thermal comfort index using formula modelling according 
to McGregor and Nieuwolt (1998). 

THI = (0,8 x 𝑇) + [
𝑅𝐻 + 𝑇

500
]                                                                                                                              (2) 

where THI is the temperature–humidity index, T is the air temperature, and RD is the relative 
humidity. The results of the relative humidity and air temperature analyses were categorised based 
on thermal comfort levels. Specifically, temperatures below 21°C are classified as cold, 
temperatures between 21°C and 24°C are considered comfortable, temperatures ranging from 24°C 
to 26°C are considered moderately comfortable, and temperatures exceeding 26°C fall into the 
discomfort category. The THI formula was applied to the RH value using a script to generate the 
THI output. The script code used is shown in Figure 4. 

 

Data validation was performed to determine the level of correlation between the relative 
humidity and water temperature data of the South Sulawesi Climatology Station with five land era 
data using the correlation test using the Pearson correlation formula. 

𝑟𝑥𝑦 =
𝑛 ∑ 𝑥𝑖𝑦𝑖   − (∑ 𝑥𝑖) (∑ 𝑦𝑖) 

 √(𝑛 ∑ 𝑥𝑖
2 − (∑ 𝑥𝑖)2)(𝑛 ∑ 𝑦𝑖

2 − (∑ 𝑦𝑖)2)

                                                                                             (3) 

where rxy is the correlation between x and y, n is the number of samples, xi is the i-th x value, and 

yi is the i-th y value. Correlation calculations were performed using SPSS to determine the value of 
air temperature and relative humidity data obtained from the South Sulawesi Climatology Station 

and five Land Era data. The level of closeness can be described as follows. 

 
Figure 3. Script for Relative Humidity calculation using ERA5-Land data. 

 
Figure 4. Script for calculating THI from Relative Humidity data. 



 

 
doi: 10.37905/jgeosrev.v7i2.30644 

 

ejurnal.ung.ac.id/index.php/jgeosrev 
 

 

Copyright © 2025 The Authors. Published by Department of Earth Science and Technology, Universitas Negeri Gorontalo 
This work is licensed under a Creative Commons Attribution (CC-BY) 4.0 International License. 

 

 109  
 

 

The distribution of THI values was represented using a script code in conjunction with ArcMap, 
culminating in the generation of the distribution map output. The research methodology is 
illustrated in Figure 5. 

 

 

 

 

 

 

Table 1. Interval Coefficient of Pearson correlation values 

Coefficient Interval Correlation Closeness 

0,00-0,20 Very weak 
0,21-0,40 Weak 
0,41-0,70 Moderate 
0,71-0,90 Strong 
0,91-0,99 Very Strong 
1 Perfect Correlation 

Source: (Nugroho et al., 2008) 

 

 
Figure 5. Flowchart of Recearch. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TEMPERATURE HUMADITY INDEX 

Use of Remote Sensing Techniques  

Google Earth Engine 

Selection of Research Location 

South Sulawesi 

ERA 5-Land  

(ECMWF Reanalysis version 5) 

 

Air temperature Relative humadity 

Band Temperature 2m 

Multiply with slope 

coefficient dan conversion 

to Celcius 

Mean AR 

Band dewpoint temperature 2m 

Temperature and dew point 

conversion from Kelvin to 

centigrade 

Calculating RH  

RH= 100 - 5  (T - TD)Lawrence 

(2015) 

 

Preprocessing and classification 

Calculating THI  

THI = (0,8 x T) + [(RH+T)/500] (McGregor & Nieuwolt, 1998) 

RH = 100 - 5 (T - TD) (Lawrence, 2015)  

Temperature Humadity Index mean and Classification 

 

Data validation 

Map of the Distribution of Temperature Humadity Index in South Sulawesi 

2013-2023 
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3. RESULTS AND DISCUSSION 

3.1. Result 

 

Based on Figure 6, the lowest air temperatures (AT) in South Sulawesi from 2013 to 2023 
generally occurred between June and September, ranging from 21.4°C to 22.1°C. The highest ATs 
were recorded between October and December, reaching up to 26.0°C. The hottest year was 2023, 
with a peak temperature of 26°C occurring in November. 

 

Based on Figure 7, the lowest relative humidity (RH) in South Sulawesi from 2013 to 2023 
typically occurred between September and October, whereas the highest RH was mostly recorded 
between March and July, ranging from 94% to 96%. The year 2023 recorded the lowest RH of the 
period, with October recording the lowest monthly RH at 44.7%. 

Tables 2 and 3 present the results of the Pearson correlation test used to validate the ERA5-Land 
dataset with the BMKG station data. RH showed a very strong correlation (r = 0.987), and AT 
showed a strong correlation (r = 0.888), confirming ERA5's reliability for climatological spatial 
analysis in South Sulawesi. 

 
Based on Figure 8, the average THI value reached a peak of 24.46 °C on 15 November 2023 

indicating a transition into the "fairly comfortable" category. Over the 2013–2023 period, THI 
values showed an increasing trend with seasonal fluctuations, with the hottest years being 2020 

and 2023. 
 
 

 

 
Figure 6. Air Temperature in South Sulawesi Province 2013-2023. 

 

 
Figure 7. Relative Humadity In South Sulawesi 2013-2023. 

Table 2. Correlation Test of RH and AT (BMKG vs. ERA5-Land) 

Variable Pearson Correlation Sig. (2-tailed) Interpretation 

RH 0,987 0,000 Very Strong 
AT 0,888 0,000 Strong 
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The categorisation of the Temperature-Humidity Index (THI) over the 2013–2023 period in 

South Sulawesi is summarised in Table 3. This classification highlights the distribution of land 
areas affected by varying degrees of thermal discomfort. 

 
Based on Figure 9, which presents annual THI distribution maps, the areas categorised as "fairly 

comfortable" and "uncomfortable" increased progressively. The red areas indicating discomfort 
expanded noticeably in 2019, 2020, and 2023. 

 
 
 

 
Figure 8. Average THI in South Sulawesi 2013–2023. 

Table 3. Mean THI Distribution Categories (2013–2023) 

THI Category Range (ºC) Area (hectares) 

Cold < 21 994.384,62 
Comfortable 21–24 1.190.393,32 
Fairly Comfortable 24–26 1.810.662,30 
Uncomfortable > 26 532.780,13 

 

 
Figure 9. Map of Temperature Humidity Index (THI) Distribution for South Sulawesi 

Province. a) THI 2013; b) THI 2014; c) THI 2015; d) THI 2016; e) THI 2017; f) THI 2018. 
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Figure 6 confirms that the spatial extent of THI over the ten-year period shows 40% of South 

Sulawesi in the fairly comfortable category, 26% in comfortable, 22% in cold, and 12% in the 
uncomfortable category. 

 

 
Figure 9. Map of Temperature Humidity Index (THI) Distribution for South Sulawesi 

Province. g) THI 2019; h) THI 2020; i) THI 2021; j) THI 2022; k) THI 2023. 

 
Figure 10. THI Mean distribution map for South Sulawesi 2013-2023. 
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3.2. Discussion 
The mean water temperature value in the 2013-2023 period in South Sulawesi Province 

increased yearly. The highest average temperature (water temperature) will occur in 2023, namely, 
26 °C in November. The increase in water temperature every year causes the temperature to feel 
hotter than it did in previous years. Scientists at NASA's Goddard Institute of Space Studies (GISS) 
in New York have proven this temperature increase through research. The summer of 2023 was 
record-breaking and continued the long-term warming trend. This increase in temperature is due 
to the increase in population and population activities which cause physical changes in the area 
that affect the microclimate (Utami et al., 2024).  The El Niño–Southern Oscillation (ENSO) also 
influences increasing temperatures (Duan et al., 2021). 

The relative humidity in the 2013-2023 period in South Sulawesi Province and Indonesia was 
high on average. ideal air humidity ranges from (45-65%) while in Indonesia, including South 
Sulawesi, the average is above 65% and continues to increase (Rudin et al., 2020). This high 

humidity is the result of Indonesia being located on the equator, which makes the climate warm 
throughout the year, and the majority of Indonesia's territory is water or sea. The flow of warm 
water from the Pacific to the Indian Ocean also contributes to increased evaporation and air 
humidity. As a country with a tropical climate, Indonesia receives large amounts of sunlight 
throughout the year, which causes a lot of evaporation and high air humidity levels, and the large 
number of tropical forests in Indonesia also contributes to this. high air humidity. During the dry 
season, air temperatures rise, and humidity often remains high, creating a sultry atmosphere. This 
is a common phenomenon in Indonesia, where hot temperatures accompanied by high humidity 
can make people feel uncomfortable. When the relative humidity in the air is high, the body's ability 
to cool itself through the evaporation of sweat is reduced. This makes the perceived temperature 
(heat index) higher than the actual air temperature. For example, a maximum temperature of 35°C 
can feel like 43°C under high humidity conditions. High humidity can increase the risk of health 
problems such as dehydration and heat exhaustion because the body cannot cool itself effectively. 
Excessive humidity can also trigger the growth of fungi and bacteria and worsen respiratory 
conditions. In 2023, the relative air humidity will decrease to 44.7%, which is in the dry humidity 
category. Dry humidity causes the temperature to increase and feel more intense (Rahayuningtyas 
& Kuala, 2016). Low humidity can cause a dry environment which has a negative impact on 
ecosystems, agriculture, and human health. 

The temperature humidity index in South Sulawesi province during the 2013-2023 period was 
in the comfortable category of 21°C – 24°C. Comfort can still be felt. However, the THI values 
continue to increase annually. This is proven by the highest THI in 2023, an average of 24.46 o C, 
indicating that South Sulawesi is in the quite comfortable category. This is a threat to the province 
of South Sulawesi, which must pay more attention to aspects of environmental management and 
development. This is also closely related to high air temperatures and non-ideal relative humidity. 

During the 2013–2023 period, the spatial distribution of the Temperature-Humidity Index (THI) 

in South Sulawesi showed that 994,384.62 ha were categorised as cold (THI < 21°C), 1,190,393.32 
ha as comfortable (THI 21–24°C), 1,810,662.30 ha as fairly comfortable (THI 24–26°C), and 
532,780.13 ha as uncomfortable (THI > 26°C). On average, 40% of the region experienced fairly 
comfortable conditions, 26% comfortable, 22% cold, and 12% uncomfortable, illustrating the 
thermal comfort distribution pattern across the province. 

The increase in the Temperature Humidity Index (THI) in South Sulawesi Province during the 
2013-2023 period has significantly impacted climate change and various aspects of life. The 
increase in average temperature, which peaked in 2023 at a water temperature of 26°C, indicates a 
continuing warming trend, as confirmed by a NASA study  (Wang et al., 2022). Factors such as 
the increasing population and human activities that influence the microclimate, as well as the 
influence of the El Niño–Southern Oscillation (ENSO), also worsen these conditions (Duan et al., 
2021). This increase in temperature exacerbates the phenomenon of high air humidity which 
exceeds the ideal limits (45–65%) in most areas, giving rise to thermal discomfort which can 
increase health risks such as heat exhaustion and dehydration (Rudin et al., 2020). 

Spatially, the distribution of THI shows that the majority of areas are in the comfortable to quite 
comfortable category, but the annual increase in THI indicates a shift towards a hotter and more 
uncomfortable category. With significant areas in the moderately comfortable (24–26°C) and 
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uncomfortable (>26°C) categories, threats to ecosystems, agriculture, and public health become 
real (Rahayuningtyas & Kuala, 2016). For example, drought due to low humidity in 2023 will 
disrupt plant productivity and the sustainability of local ecosystems. 

Strategic steps are needed to reduce this impact in sustainable mitigation efforts. Reforestation 
and sustainable forest management can stabilise microclimates and reduce the effects of warming 
(Maru & Ahmad, 2014). At the local level, increasing green open spaces and using environmentally 
friendly technologies, such as low-thermal building materials, are practical solutions. In addition, 
the implementation of a real-time THI monitoring system will help the government and society to 
respond adaptively to climate change (Utami et al., 2024). Collaboration between the government, 
academia, and society is needed to ensure that development in South Sulawesi remains 
environmentally friendly and sustainable. 

4. CONCLUSIONS 

The temperature–humidity index (THI) of South Sulawesi Province from 2013 to 2023 shows 
that the "cold" category, with a THI value of less than 21°C, covers an area of 994,384.62 ha. The 
"comfortable" category, with a THI value ranging from 21°C to 24°C, covered an area of 
1,190,393.32 hectares. The "fairly comfortable" category, with a THI value between 24°C and 
26°C, spans an area of 1,810,662.30 hectares, while the "uncomfortable" category, with a THI 
value greater than 26°C, covered 532,780.13 ha. Additionally, over the same period, 40% of the 
population in South Sulawesi Province reported experiencing "fairly comfortable" conditions, 26% 
felt "comfortable”, 22% felt "cold”, and 12% reported feeling "uncomfortable”. 

The increase in the Temperature Humidity Index (THI) in South Sulawesi from 2013 to 2023 
indicates a continuous warming trend, exacerbated by population growth, human activities, and 
the ENSO phenomenon, which raises air humidity beyond ideal limits and triggers health risks and 
thermal discomfort. Spatially, although most areas are still categorised as comfortable, annual 

trends show a shift toward hotter conditions, threatening ecosystems, agriculture, and public health 
in the future. For example, the drought in 2023 disrupted crop productivity and ecosystem balance. 
For mitigation, reforestation, expansion of green spaces, eco-friendly technologies, and a real-time 
THI monitoring system are needed to support adaptive responses to climate change through 
collaboration between the government, academia, and society. 
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