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ARTICLE INFO  ABSTRACT 

 

Article History 
 The high population growth in Jambi City has resulted in land 

conversion from vegetation to built-up land and settlements, and 

the use of motorized vehicles has increased the release of carbon 

emissions which also increase air temperature in Jambi City. To 

better understand and identify the urban heat island (UHI) 

phenomenon, spatial and temporal analysis is needed using 

remote sensing data with a long series from 2000 to 2024. This 

study aims to examine the intensity of UHI in Jambi City by 

measuring the surface urban heat island index (SUHII) and the 

urban thermal field variance index (UTFVI) by utilizing the Land 

Surface Temperature (LST) and Enhanced Vegetation Index 

(EVI) products. Correlation analysis shows that Jambi City is an 

area with the highest LST and the lowest EVI index compared to 

the surrounding areas. The SUHI intensity in Jambi City has a 

positive value between 0.2 - 2.5 °C. Meanwhile, the intensity of 

AUHI between urban and suburban areas ranges from -0.2 - 0.3 

°C during the day and -0.1 - 0.1 °C at night. The UTFVI index is 

in the range of 0.01 - 0.07. Although the intensity of SUHI and 

AUHI is not too large and the decrease in EVI value can be an 

indicator of UHI in Jambi City. The correlation test between LST 

and air temperature of the station has a sufficient category except 

for the correlation between LST and air temperature of the 

Kerinci Meteorological Station which has a very weak category. 
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INTRODUCTION 

Jambi City is the capital of Jambi 

Province with an area of 205.38 km2. 

The population growth in Jambi City in 

the period 2017-2021 continues to 

increase. Each year's Population growth 

ranges from 0.13% to 1.31% 

(Jambikota.go.id). The high population 

growth in Jambi City will increase the 

number of housing units, resulting in a 

shift in the function of land cover to 

built-up land. 
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Changes in land cover in Jambi City 

significantly affect surface temperature 

distribution. The increase in built-up 

land area and the decrease in vegetated 

land area cause surface temperatures to 

increase. (Sutriani, 2020). Urban areas 

that are centres of economy, education, 

and dense settlements generally have 

low vegetation density and tend to have 

higher surface temperatures than the 

surrounding areas, which still have much 

vegetation.  

Compared to other cities and districts in 

Jambi Province, Jambi City tends to be 

hotter. From the results of processing the 

average air temperature of the Sultan 

Thaha Meteorological Station in Jambi 

City from 1991 to 2020, it shows that 

there has been an average increase in air 

temperature in Jambi City of around 

0.013 °C to 0.031 °C per year, or an 

increase in temperature in the last 30 

years ranging from 0.3 - 0.9 °C (Fauziah. 

A, 2021). The difference in temperature 

between the city and the surrounding 

areas indicates the occurrence of the 

urban heat island phenomenon or Urban 

Heat Island (UHI). UHI is a 

phenomenon that increases air 

temperature in urban areas compared to 

the surrounding areas (Miles & Esau, 

2017; Mohajerani et al., 2017). 

The UHI phenomenon is divided into 

two types, namely surface urban heat 

island (SUHI) and atmospheric urban 

heat island (AUHI) (T.R. Oke, 1996; 

Singh, 2015). SUHI is the higher surface 

temperature in urban areas than rural 

areas, generally expressed in thermal 

images. AUHI is hot air in urban areas 

compared to cool air in suburban or rural 

areas (Lo, 2003; Vgoot, 2003; Syafitri, 

2020). 

The SUHI phenomenon can be detected 

by measuring land surface temperature 

(LST) using satellite imagery and remote 

sensing techniques. In contrast, the 

AUHI phenomenon is detected by the 

difference in air temperature (SAT) 

between the city and surrounding areas.  

SUHI research using MODIS LST data 

has been widely conducted in various 

countries, including W. Kuang, et al, 

2015a who measured the spatial pattern 

of land surface temperature (LST) in 

Beijing, China, Zhang, P., 2014 using 

MODIS LST spatial analysis to assess 

surface UHI (SUHI) and compare it with 

local air temperature in America. 

The UHI phenomenon can result in 

reduced comfort levels. The Urban 

Thermal Field Variance Index (UTFVI) 

is used to evaluate the ecological impact 
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of SUHI in urban environments. The 

selection of the SUHI and UTFVI 

methods is a method that can quantify 

UHI intensity spatially, by comparing it 

with the surrounding areas that are 

spatially adjacent. UTFVI is a 

complementary index for calculating the 

average SUHI in detecting areas affected 

by heat accumulation in urban 

agglomerations (Sobrino & Irakulis, 

2020). 

Urban climate studies, for example, the 

Urban Heat Island phenomenon for cities 

in the "inland cities" category, such as 

Jambi City, are rarely carried out. 

Remote sensing data with long spatial 

and temporal series can be used to 

understand and identify the urban heat 

island (UHI) phenomenon. 

This study aims to examine the intensity 

of Surface Urban Heat Island (SUHI) in 

Jambi City by measuring the Surface 

Urban Heat Island index (SUHII) and 

Urban Thermal Field Variance Index 

(UTFVI) by utilising Land surface 

temperature products (LST, MOD11C3 

and MYD11C3) and Enhanced 

vegetation index (EVI, MOD13C2 and 

MYD13C2) available on the MODIS 

Terra (MOD) and AQUA (MYD) 

satellites in the period 2001 to 2024. 

This study also discusses the intensity of 

surface UHI (SUHI) and atmospheric 

UHI (AUHI) in Jambi City so that they 

can be used to make policies for climate 

change mitigation and natural resource 

management. 

 

MATERIALS AND METHODS  

1. Location 

This research was conducted in Jambi 

City with a geographical location of 

1° 36'35.093" S and 103 ° 36' 49.115" 

E. Jambi Province is located on the 

east coast, in the central part of 

Sumatra Island (Figure 1). The 

capital of this province is Jambi City.  

2. Research Instrument 

The software used in data processing 

is Python programming language 

version 3.6.1, and for mapping 

visualisation using QGIS Desktop 

software version 3.36.1, and using 

Microsoft Excel for air temperature 

data processing (SAT) 

3. Satellite Data 

The satellite data used is data from 

the MODIS sensor on the Terra 

(MOD) and AQUA (MYD) satellites, 

namely Land surface temperature 

(LST, MOD11C3 and MYD11C3) 

and Enhanced vegetation index (EVI, 
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MOD13C2 and MYD13C2) obtained 

from NASA in the period 2001 to 

2024. Satellite data is downloaded in 

.hdf format with a spatial resolution 

of 0.05 ° or around 5 km. A linear 

interpolation method is used to obtain 

satellite data with a higher resolution 

at a spatial resolution of 0.01 ° using 

the two closest points of the 0.05 ° 

grid as a reference. Spatial analysis 

was conducted using Jambi Province 

shapefile from the Geospatial 

Information Agency and Digital 

Elevation Model (DEM) Data from 

the US Geospatial Agency with a 

resolution of 1 km. 

 

Figure 1. Jambi Province 

4. Air Temperature Data 

Surface air temperature (SAT) data 

were obtained from 3 BMKG 

observation stations from 2001 to 

2024, located in Jambi Province, 

classified as Urban and Sub-Urban 

Areas.  

Urban and Sub-Urban areas in this 

study were determined based on the 

Regulation of the Head of BPS 

Number 120 of 2020 concerning the 

Classification of Urban and Rural 

Villages in Indonesia in 2020—the 

BMKG observation stations of Jambi 

Province shown in Table 1. 
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Table 1. List of Meteorological Stations in Jambi Province 

Station Coordinat Elevasi Class 

Latitude Longitude 

Stasiun Meteorologi Sultan 

Thaha Kota Jambi 

01038’ 01' LS 103038,496' BT 

 

27 m Urban 

Stasiun Klimatologi Muaro 

Jambi 

010 36' 07" LS 1030 29' 41" BT 

 

25 m Sub urban 

Stasiun Meteorologi Depati 

Parbo Kerinci 

02⁰05'28.2'' LS 101⁰27'43.1'' BT   

 

797 m Rural 

     

The analysis was carried out through the 

following steps and research flow shown 

in Figure 2: 

1. This study utilised MODIS data, 

which is available in clear-sky 

conditions. MOD11C3 LST data is 

only available for clear-sky 

conditions; in cloudy pixel 

conditions, LST data is not available 

(NaN value). To minimise missing 

data due to cloud cover, LST data was 

averaged into an annual average (X. 

Chen et al, 2017). The mean value 

and standard deviation for Jambi City 

and its surrounding areas were 

calculated according to the pixel 

location in the administrative 

shapefile data. 

 

Figure 2. Research Flow 

https://doi.org/10.20961/ge.v11i2.96211
https://jurnal.uns.ac.id/GeoEco/article/view/96211


p-ISSN 2460-0768 e-ISSN 2597-6044 GeoEco, Vol. 11, No 2. July 2025 Page. 452 - 478                                                     

https://doi.org/10.20961/ge.v11i2.96211            https://jurnal.uns.ac.id/GeoEco/article/view/96211        

 

Spatio Temporal Analysis to Indications… | 457 

 

2. Judging from the time the satellite 

passes, LSTnight from the Aqua 

satellite observation (MYD) is closer 

to the minimum temperature value of 

the BMKG observation data because 

the minimum temperature generally 

occurs in the early hours of the 

morning (Ferdiansyah et al, 2024). 

LSTday is close to the maximum 

temperature value observed during 

the day 

3. Temporal analysis of surface 

temperature was carried out by 

analysing LSTday, LSTnight and EVI 

in a seasonal composite to determine 

the monsoonal effect on surface 

temperature variations in Jambi 

Province. The monsoonal division 

follows the seasonal distribution 

commonly used in weather and 

climate analysis, namely December, 

January, February (DJF) which is the 

peak of the rainy season, March, 

April, May (MAM) is the transition 

season from the rainy season to the 

dry season, June, July, August (JJA) 

is the peak of the dry season. 

September, October and November 

(SON) is the transition from the dry 

season to the rainy season. 

4. To describe the LST profile, a cross-

section of the continuous surface 

temperature distribution covering 

urban and rural areas is made, in the 

form of a west-east cross-section 

divided into grids. Grid data is 

aggregated according to region in the 

Jambi Province shapefile.  

5. SUHI intensity, calculated using the 

following equation (J. Zhao et al, 

2020): 

 (1) 

6. Urban Thermal Field Variance index 

(UTFVI), which describes how strong 

the impact of SUHI is on the 

surrounding area, is calculated using 

the following equation: (L. Liu et al, 

2011) 

UTFVI    (2) 

where t_city is the spatial average of 

LST of Jambi city, t_area_mean is the 

spatial average of LST of the 

surrounding area (Muaro Jambi 

Regency), and t_area_std is the 

spatial standard deviation of LST of 

the surrounding area (Muaro Jambi 

Regency). SUHI and UTFVI intensity 

measurements were analysed as time 

series and annual cycles using ENSO 

Year analysis to determine the 

influence of global natural 

phenomena such as El Nino/La Nina 
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7. Validation of LST and air 

temperature from BMKG observation 

stations. 

8. The correlation test was carried out 

using the Pearson Product-Moment 

correlation test method, where this 

test will assess the correlation 

coefficient, whose value ranges 

between -1.0 and 1 (Pratiwi & 

Jaelani, 2021). The correlation 

coefficient value is obtained using the 

following equation: 

 (3) 

 

RESULTS AND DISCUSSION  

1. Land Surface Temperature (LST) 

a. LSTday 

The average LSTday value for 24 

years was the lowest at 17.31 °C in 

Kerinci Regency and reached a 

maximum value in Jambi City of 

33.05 °C (Figure 3). This is 

supported by research by Sutriani 

(2020), which found that the average 

surface temperature in Jambi City 

from 2009 to 2019 increased by 1 - 

2.96 °C. In 2009, the average surface 

temperature was 24.13 °C; in 2014 it 

rose to 27.09 °C; in 2019 it reached 

28.55 °C (Sutriani, 2020).  

 

Figure 3. Average LSTday over 24 years (January 2001 to December 2024) 

The seasonal LSTday average is 

calculated by calculating the quarterly 

seasonal average of DJF, MAM, JJA 

and SON from 2001 – 2024 (Figure 

4). 
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Figure 4. Average seasonal composite LSTday for 24 years of DJF, JJA, MAM, SON.  

 

The highest spatial and temporal 

distribution of the 24-year seasonal 

LSTday average is in the September, 

October and November (SON) 

period, reaching the maximum 

LSTday in the eastern part of Jambi 

Province, precisely in Jambi City, 

which is 34.01 °C and the minimum 

LSTday in the western part of Jambi 

Province, Kerinci Regency, and the 

western part of Merangin Regency of 

18.14 °C. The lowest average 

seasonal LSTday is in the December, 

January and February (DJF) period, 

reaching the maximum LSTday value 

in Jambi City of 31.77 °C and the 

minimum LSTday in the western part 

of Jambi of 16.74 °C.  

The Jambi Province area, located 

around the equator at coordinates 1° 

36'35.093" LS and 103° 36'49.115" 

BT, is more influenced by the 

apparent daily motion of the sun. The 

highest seasonal variation of LSTday 

during 24 years was in September, 

October and November (SON), which 

is the transition period from the dry to 

the rainy season. The lowest seasonal 

variation of LSTday occurred in 
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December, January and February 

(DJF), the peaks of the rainy season. 

The average monthly LSTday is 

warmer in September than in other 

months. This is related to the period 

of maximum solar radiation because 

in September the sun's position is at 

the equator, and it is at its lowest in 

December because it is at the 

southernmost equator (Figure 5). 

 

Figure 5. Apparent daily motion of the sun 

b. LSTnight 

The distribution pattern of nighttime 

surface temperatures follows the 

distribution pattern of daytime surface 

temperatures, where the lowest 

temperatures occur in the western 

region and increase towards the east 

of Jambi Province. The average 

LSTnight value for 24 years reached 

the lowest value in the western region 

of Jambi Province, namely in Kerinci 

Regency and the western part of 

Merangin Regency, 17.31 °C (Figure 

6). The LSTnight value continued to 

increase and reached a maximum 

value in the Jambi City area of 23.44 

°C. 

LST night variations are also analysed 

spatially and temporally based on 

seasonal composites in the periods of 

December, January, February (DJF), 

March, April, May (MAM), June, 

July, August (JJA), and September, 

October, November (SON). 

The spatial and temporal analysis of 

the average seasonal LSTnight for 24 

years in the MAM period is higher 

than in other seasonal periods (Figure 

7). In the MAM period, the average 

seasonal LSTnight for 24 years 

reached a maximum LSTnight of 

24,071 °C in the east of Jambi 

Province, precisely in Jambi City and 

a minimum LSTnight in the west of 

Jambi Province, namely 10.75 °C in 
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Kerinci Regency and the western part 

of Merangin Regency. The lowest 

average seasonal LSTnight was in the 

SON period, reaching a maximum 

average LSTnight value of 23.01 °C 

in the eastern part of Jambi and a 

minimum of 10.02 °C in the western 

part of Jambi Province. In the JJA 

period, the minimum LSTnight was 

10.30 °C and the maximum was 23.63 

°C. In the DJF period, the average 

LSTnight is a minimum of 9.64 °C 

and a maximum of 23.48 °C.

 

Figure 6. LST night average over 24 years 

The highest temporal variation of 

LSTnight is in the MAM period 

because monsoonally, the MAM 

period is a transition period from the 

rainy to the dry season; night 

temperatures increase due to the 

influence of cloud cover, reducing air 

cooling at night. The lowest LSTnight 

occurs in the SON period, a transition 

period from the dry to the rainy 

season. In general, the temporal 

variation of night surface 

temperatures is relatively the same 

throughout the year, with an average 

LSTnight maximum at intervals of 

23.20 - 24.41 °C in the eastern region 

of Jambi Province which borders the 

East Coast of Sumatra and a 

minimum of 8.96 - 11.03 °C in the 

western region of Jambi Province 

which is a hilly area. 
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Figure 7. Average seasonal LST for 24 years in DJF, JJA, MAM, SON periods 

 

2. Enhanced Vegetation Index (EVI) 

This study used the Enhanced vegetation 

index (EVI) available from the MODIS 

satellite Terra and Aqua MOD13C2 and 

MYD13C2 sensors from 2001 to 2024. 

Enhanced vegetation index (EVI) is a 

vegetation index used to measure the 

level of greenery or density in an area 

(www.Earthdata.nasa.gov). EVI can act 

as an indicator of vegetation cover that 

can reduce the UHI effect; the higher the 

EVI value, the less the UHI effect. 

Average EVI value is in the interval of 

0.33 - 0.59, which is lower in the 

western and eastern regions than in the 

central region of Jambi Province. Low 

EVI is found in the Jambi City and the 

Kerinci Regency areas, which are hilly. 

The Jambi City EVI index of 0.33 

explains that there is little vegetation in 

Jambi City. (Figure 8.) 
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Figure 8. Average EVI index for 24 years 

 

  

  

Figure 9. Average EVI index in DJF, JJA, MAM, SON periods 

EVI shows a negative relationship with 

UHI, meaning increasing vegetation 

tends to reduce UHI. This happens 

because of the nature of plants, which 

can naturally absorb heat completely 

(Alfath & Anna, 2024). The lowest EVI 

value occurs in Jambi City, which results 
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in a decrease in vegetation and causes an 

increase in surface temperature, thereby 

increasing UHI in the Jambi City area. 

The distribution of EVI values in the 

seasonal periods of MAM, JJA, and 

SON is relatively the same at intervals of 

0.30-0.60 (Figure 9), slightly lower in 

the DJF period with a low EVI Index in 

the western region of Jambi (Kerinci 

Regency) and eastern Jambi, precisely in 

Jambi City, which is 0.30. The EVI 

value throughout the year is relatively 

the same at intervals of 0.30 - 0.60; the 

lowest occurs in December at intervals 

of 0.29 - 0.61, the highest in September 

at 0.34 - 0.60 and October at 0.35 - 0.62. 

3. Correlation of LST and EVI 

The correlation between LST and EVI is 

carried out to analyse the relationship 

between surface temperature and 

vegetation conditions in an area. In this 

study, the correlation between LST and 

EVI is carried out to understand the 

phenomenon of urban heat islands in 

Jambi City, where areas with low 

vegetation tend to have higher surface 

temperatures. 

 

Figure 10. Scatter plot between EVI and LST Regency/City Aggregation, (Red: 

LSTday, Blue: LSTnight) 

Figure 10 shows that Jambi City's LST 

is higher than other regencies/cities, and 

the EVI index is at its lowest value 

during the day and at night. In the Jambi 

City area, a low EVI value was detected, 

<0.40, which means that there is rarely 

vegetation in the Jambi City area. EVI 

can act as an indicator of vegetation 

cover that can reduce the UHI effect; the 

higher the EVI value, the lower the UHI 

effect. 
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(a) 

 

(b) 

Figure 11. Time series of average LSTday (a) and average LSTnight (b) 

 

During the 24 years (2001-2024), the 

daytime LST value in Jambi City 

fluctuated, where the LST temperature 

was in the range of 26 - 36 °C, but there 

was an upward trend in LSTday. 

Likewise, the average LSTnight is 

shown in the figure where there is a 

fluctuation in the LST value in the range 

of 20 - 26 °C, but there is an upward 

trend in LSTnight (Figure 11).

 

Figure 12. Time series, average EVI 

The EVI value in Jambi City fluctuates, 

where the EVI index is 0.25 – 0.50 

(Figure 12). However, the EVI index 

has a downward trend, indicating that 

Jambi City vegetation is becoming 

increasingly sparse. 

From Figure 13. It can be seen that the 

EVI cross-section has a pattern that is 

inversely proportional to the LST cross-

section. The EVI value is low in the 

western region of Jambi Province, 

increases slowly to the central region, 

and decreases sharply in the eastern 

region of Jambi, specifically in Jambi 

City. 
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(a) 

 

(b) 

 

(c) 

Figure 13. Cross-section of (a) LSTday, (b) LSTnight, and (c) EVI  

4. SUHI and UTFVI Trends 

During the 24 years from 2001 to 2024, 

the SUHI intensity in Jambi City had a 

positive value between 0.2 and 2.5 °C 

(Figure 14). The lowest occurred in 

2008 and the highest in 2020. There was 

an increase in SUHI intensity from 2021 

to 2024. The positive value of SUHI 

intensity indicates that the surface 

temperature in Jambi City is higher than 

that of the surrounding areas. Positive 

values indicate the occurrence of local 

phenomena in the Jambi City area, such 

as increased temperatures due to human 

activities, changes in land cover, and the 

use of materials that absorb heat. 
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Figure 14. Time series of SUHI intensity in Jambi City from 2001-2024 

The SUHI phenomenon can reduce the 

comfort level, so it is necessary to 

calculate the UTFVI value. UTFVI in 

Jambi City for 24 years (2001-2024) has 

a positive value between 001-0.07. The 

lowest UTFVI value occurred in 2008 

and the highest in 2006 (Figure 15). The 

positive UTFVI value, and the higher it 

is, indicates a decrease in thermal 

comfort. The lower the UTFVI value, 

the higher the level of thermal comfort; 

conversely, the higher the UTFVI, the 

lower the thermal comfort (Hadibasyir & 

Firdaus, 2022). 

 

Figure 15. UTFVI time series 

ENSO years and dipole mode index are 

used to analyse the trend of SUHI and 

UTFVI intensity. The lowest SUHI and 

UTFVI intensity occurred in 2008, a La 

Nina year, where, in general, in La Nina 

years, the air temperature tends to be 

lower, humidity increases, increasing the 

potential for the formation of rain clouds 

and wetter weather conditions. In this 

condition, the surface temperature 

decreases, and the SUHI intensity 

decreases; the Jambi City area's thermal 

comfort conditions improve. 
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The highest SUHI intensity occurred in 

2020, a Neutral year, where weather 

conditions tended to be drier than La 

Nina years. In Neutral years, rainfall and 

air temperature approach average or 

normal conditions. In the Neutral phase 

of 2020, the Jambi Province area 

generally experienced a dry season, thus 

increasing the SUHI intensity. The map 

of the average annual SUHI and average 

annual UTFVI in Jambi Province is 

shown in Figure 16. 

 

(a) 

 

(b) 

Figure 16. Annual mean of SUHI (a) and Annual mean of UTFVI (b) in Jambi Province 

 
 

The highest UTFVI value was in 2006 

when the El Nino phenomenon occurred, 

which caused an increase in surface 

temperature and forest and land fires in 

Jambi Province covering an area of 

3,797 ha (Fire bulletin. WWF2007). The 

ecological and thermal comfort levels in 

Jambi City worsened. 

5. SAT Analysis 

Surface air temperature is a picture of 

energy in the air or atmosphere that can 

be felt by the body and can be measured 

by an air temperature measuring device 

(Thermometer) with units of °C or °K 

(Effendy et al., 2006). Air temperature 

observation data conducted at BMKG 

observation stations in Jambi Province, 

namely at the Sultan Thaha 

Meteorological Station in Jambi City, 

the Muaro Jambi Regency Climatology 

Station and the Depati Parbo 

Meteorological Station in Kerinci 

Regency, are used to measure the 

atmospheric UHI, which is more 

influenced by turbulence and wind 

speed, which will have an impact on the 

surrounding air temperature. 

In this study, temperature correction was 

used to reduce the impact of the height 

of the observation location at the Depati 

Parbo Kerinci Meteorological Station, 

which is located at 797 m above sea 

level. The temperature correction 
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follows the concept of the rate of 

temperature decrease with height of 6° 

per 100 meters. This correction is 

empirical and may have great 

uncertainty (Wang et al., 2017). Braak 

(1928) stated that for every 100-meter 

increase in place on the earth's surface, 

the air temperature will drop by an 

average of around 0.6 °C in areas around 

the equator (Mohr et al., 1972). From the 

results of processing air temperature data 

for the last 24 years (2001 - 2024), there 

has been an increase in average air 

temperature, average maximum air 

temperature and average minimum air 

temperature. For the Jambi City area, 

there was an increase in average air 

temperature of 0.025 °C, Muaro Jambi 

Regency 0.038 °C and Kerinci Regency 

0.045 °C. The highest temperature 

increase occurred in Kerinci Regency, 

especially from 2013 to 2024. Although 

fluctuating, it is higher than Jambi City 

and Muaro Jambi Regency. The highest 

average air temperature in the three 

regions occurred in 2024, namely in 

Jambi City at 27.7 °C, Muaro Jambi 

Regency at 27.7 °C and Kerinci Regency 

at 27.9 °C (See Figure 17).  

 

 

(a) 

 

(b) 

 

(c) 

Figure 17. Average air temperature (a), average maximum temperature (b), and average 

minimum temperature (c) in Jambi City (urban), Muaro Jambi (sub-urban), and Kerinci 

(rural) 
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From the calculation of the average 

maximum air temperature, there was an 

increase in the average maximum air 

temperature in Jambi City by 0.016 °C, 

Muaro Jambi Regency by 0.031 °C and 

Kerinci Regency by 0.064 °C. The 

average maximum air temperature 

increase in Kerinci Regency was higher 

than in Jambi City and Muaro Jambi 

Regency. This is influenced by the 

topography of Kerinci Regency, which is 

located in the mountains in the 

westernmost region of Jambi Province 

and local conditions at the weather 

observation station in Sitinjau Laut 

District, which is included in the Urban 

area (Peraturan BPS Nomor 120 Tahun 

2020, 2020). The convection process that 

occurs in mountainous areas will trigger 

the formation of valley winds. During 

the day, warm air from the valley will 

rise upwards, increasing air temperature. 

There was an increase in the average 

minimum air temperature in Jambi City 

by 0.055 °C, Muaro Jambi Regency by 

0.047 °C and Kerinci Regency by 0.118 

°C. 

From the overall processing of air 

temperature data in Jambi Province, 

Kerinci Regency experienced the highest 

increase in temperature compared to 

Jambi City and Muaro Jambi Regency. 

Based on BPS regulation number 124 of 

2020 concerning the classification of 

Villages and Urban Areas in Indonesia, 

the Sitinjau Laut sub-district which is the 

location of the BMKG weather 

observation station in Kerinci Regency is 

included in the Urban area, the increase 

in the number of settlements around the 

weather observation station has resulted 

in reduced vegetation and increased air 

temperature. 

Figure 17 shows that the average, 

maximum, and minimum air 

temperatures at each weather observation 

station experienced the highest increase 

in 2024. Based on the dipole mode index 

analysis (Figure 18), 2024 is a neutral 

year where the dipole mode index value 

is at + 0.4, generally drier weather 

conditions. 
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Figure 18. Dipole Mode Index (www.bom.gov.au) 

 

6. AUHI (Atmospheric urban heat 

island) 

This study calculated the difference in 

air temperature between Jambi City 

(urban) and Muaro Jambi Regency 

(suburban). The maximum air 

temperature difference between Jambi 

City and Muaro Jambi Regency was (-

0.1) – 0.3 °C, the highest in November 

2025 at 0.3 °C, and the lowest in May at 

-0.2 °C. The highest AUHI temporal 

variation occurred in November. This 

result is close to the LST calculation 

where the highest temporal variation 

occurred in the SON period. The 

minimum air temperature difference 

between the City and Muaro Jambi for 

the monthly period has a value that is 

evenly distributed every month around (-

0.1) – 0.1 °C; the lowest occurred in 

April at -0.1 °C. Muaro Jambi Regency 

is a buffer zone whose territory 

surrounds Jambi City. This affects the 

distribution of population concentrations 

around the city's outskirts. (Bank 

Indonesia, 2012). The air temperature 

conditions in the Muaro Jambi Regency 

area are relatively the same as those in 

Jambi City.  

Figure 19 shows that the nighttime 

AUHI of Jambi_Muaro Jambi City has a 

higher value than the daytime AUHI in 

May, June, July, August, September and 

October. This indicates that the 

nighttime AUHI between Jambi City and 

Muaro Jambi Regency is stronger in the 

dry season. 

The maximum air temperature in Kerinci 

Regency is higher than the maximum air 

temperature in Jambi City. The 

difference in maximum air temperature 

between Jambi City and Kerinci 

Regency has a negative value between (-

1.7) and (-0.5) °C, the highest occurring 
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in September. The difference in 

minimum air temperature between Jambi 

City and Kerinci Regency is between 0.3 

– 0.8 °C, the highest occurring in 

January, February, June and October, 

and the lowest in November. The AUHI 

between Jambi City and Kerinci at night 

is higher than the daytime AUHI. 

 

 

(a) 

 

(b) 

Figure 19. Maximum and minimum AUHI SAT graphs for Jambi city and Muaro Jambi  

(a) and Jambi and Kerinci districts (b) 

 

The overall results show that the 

nighttime AUHI is higher than the 

daytime AUHI. This study found the 

highest AUHI values in January, 

February, June and October. Comparison 

between air temperature data collected 

from urban and rural weather stations 

has long been used for atmospheric UHI 

research (Cleugh & Oke, 1986). 

Generally, the atmospheric UHI at night 

is stronger than the UHI during the day. 

The atmospheric UHI at night is 

influenced by the energy stored in urban 

materials during the day and released at 

night. Anthropogenic heat release, 

namely heat generated by human 

activities originating from the use of 

motor vehicles, buildings and industrial 

waste, is stronger in winter, causing the 

atmospheric UHI to increase over time 

during winter nights but decrease over 

time during summer nights. (Wang et al., 

2017) 

7. Correlation between LST and SAT 

Air temperature is influenced by surface 

temperature because the surface 

temperature will be transferred to the air 

by convection. High surface 

temperatures will also have high air 

temperatures (Jatmiko & Hartono, 

2016). This correlation aims to validate 

LST and air temperatures, although both 

parameters are incompatible for direct 

comparison or validation purposes 
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(Siswanto et al., 2023). The correlation 

results show a positive correlation 

between the two variables, where 

variable x is the temperature of the LST 

processing results and variable y is the 

air temperature from the BMKG 

observation station. 

The UHI phenomenon is common in 

metropolitan cities and developing areas. 

One of the causes of UHI is the high 

flow of urbanisation, which results in 

fairly rapid urban development over time 

(Alwi et al., 2022). 

In general, the surface and atmosphere 

are related, where the surface will affect 

the level of atmospheric temperature 

generated. The relationship between 

surface temperature and atmospheric 

temperature is based on its height from 

the ground surface, although the surface 

temperature is higher than the air 

temperature (Ngie et al., 2014; Syafitri, 

2020). 

The increase in the number of vehicles in 

Jambi City every year is very significant, 

where in 2022 the number of motorised 

vehicles was 740,206 units, in 2023 it 

increased to 969,222 units and in 2024 it 

jumped to 1,005,473 units (BPS, 2025). 

The increase in motorised vehicles in 

Jambi City contributes to increasing air 

pollution. Emissions from motor 

vehicles play a role in the local 

greenhouse effect, which causes air 

temperatures in densely populated areas 

to be higher than in other areas 

(Mongabay, 2018). The release of 

carbon emissions from the increasing use 

of motor vehicles in Jambi City has 

increased air temperature and surface 

temperature, which is one of the factors 

why the SUHI and UTFVI intensities are 

positive. 

Rapid urbanisation and economic 

development in Jambi City have 

triggered new government and private 

sector housing development. The 

development of new housing, of course, 

will result in the conversion of land from 

vegetation to housing. The enhanced 

vegetation index of Jambi Province has 

decreased sharply in Jambi City, namely 

between 0.4 and 0.5, which shows that 

Jambi City has very few areas with 

vegetation. 

The SUHI intensity in Jambi City over 

the past 24 years has a positive value 

between 0.2 and 2.5 °C. The positive 

value of SUHI intensity indicates that 

the surface temperature in Jambi City is 

higher than the surrounding areas. This 

positive SUHI value is an indicator of 

the urban heat island effect in Jambi 

City. The LST calculation shows that the 
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highest seasonal variation of LSTday for 

24 years is in September, October and 

November (SON) because these months 

are related to the period of maximum 

solar radiation due to the solstice. The 

analysis of the seasonal temporal 

variation of LSTnight for 24 years in the 

MAM period is higher compared to 

other seasonal periods because 

monsoonally, the MAM period is a 

transition period from the rainy season to 

the dry season; night temperatures 

increase due to the influence of cloud 

cover, which reduces air cooling at 

night. 

The intensity of AUHI during the day 

between Jambi City and Muaro Jambi 

Regency is around -0.2 - 0.3, the highest 

in November. While the intensity of 

AUHI at night between Jambi City and 

Muaro Jambi Regency is almost evenly 

distributed between -0.1 and 0.1. AUHI 

at night between Jambi City and Muaro 

Jambi reaches a positive value of 0.1 in 

December, January and February (DJF), 

the peaks of the rainy season. 

The calculation of AUHI between Jambi 

City and Kerinci Regency uses an 

adiabatic lapse rate of 0.6 °C/100 m 

(temperature decrease of 0.6 °C for 

every 100 meters increase in altitude). 

This calculation shows that the 

maximum temperature during the day in 

Kerinci Regency is higher than in Jambi 

City. Generally, the nighttime AUHI 

between Jambi City and Kerinci 

Regency is stronger than the daytime 

AUHI. 

Urban areas are complex and 

heterogeneous; therefore, measurements 

from a single urban monitoring station 

do not provide sufficient detail for urban 

climate research and decision-making 

applications (Voogt & Oke, 2003). 

 

CONCLUSIONS  

Jambi City has a higher average LST 

than its surrounding areas. The highest 

temporal variation of daytime LST is in 

the SON period while the lowest 

nighttime LST occurs in the DJF period. 

The lowest EVI index <04 occurs in 

Jambi City; the EVI index reaches its 

lowest value in the JJA period. Spatial 

analysis of LST, SUHI and UTFVI 

shows the same pattern: low in the west 

of Jambi Province, increasing to the east 

and reaching a maximum in Jambi City. 

The SUHI intensity in Jambi City has a 

positive value between 0.2 and 2.5 °C. 

Meanwhile, the AUHI intensity between 

urban and suburban is around -0.2 - 0.3 

°C during the day and -0.1 - 0.1 °C at 

night. The UTFVI index is between 0.01 
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and 0.07. Although the SUHI and AUHI 

intensities are not too large, the 

decreasing trend in EVI values can 

indicate the occurrence of UHI in Jambi 

City. 

 

ACKNOWLEDGMENTS  

The first authors gratefully acknowledge 

support from the Pusat Pengembangan 

Sumber Daya Manusia Meteorology, 

Klimatologi, dan Geofisika (PPSDM 

BMKG) for providing the scholarship 

for her master’s program. 

 

REFERENCES  

Alfath, M. W., & Anna, A. N. (2024). 

Analisis Multi-Temporal Hubungan 

Faktor Fisik Penyusun Fenomena 

Urban Heat Island di Kawasan 

Petanglong Menggunakan Citra 

Landsat 8 & 9 (Studi Kasus Tahun 

2019-2023). Universitas 

Muhammadiyah Surakarta. 

ALWI, L. O., GANDRI, L., HIDAYAT, 

H., TUWU, E. R., BANA, S., 

FITRIANI, V., & INDRIYANI, L. 

(2022). Analisis Spasial Fenomena 

Urban Heat Island Kota Kendari 

Menggunakan Algoritma Land 

Surface Temperature. 

BPS. (2020). Peraturan BPS Nomor 120 

Tahun 2020 tentang Klasifikasi 

Desa Perkotaan dan Perdesaan di 

Indonesia 2020: Buku 1 Sumatera. 

Nomor katalog : 1204014. Nomor 

Publikasi 03100.2103. ISSN/ISBN : 

978-602-438-414-2. 

BPS Kota Jambi. (2025). Jambi Dalam 

Angka. 

Braak, C. 1928. The Climate of The 

Netherlands Indies. Proc. Royal 

Mogn. Meteor. Observ. Batavia, 14 

: 192 

Chen, X., Su, Z., Ma, Y., Cleverly, J., & 

Liddell, M. (2017). An accurate 

estimate of monthly mean land 

surface temperatures from MODIS 

clear-sky retrievals. Journal of 

Hydrometeorology, 18(10), 2827–

2847. 

Cleugh, H. A., & Oke, T. R. (1986). 

Suburban-rural energy balance 

comparisons in summer for 

Vancouver, BC. Boundary-Layer 

Meteorology, 36(4), 351–369. 

Doni, L. R., Yuliantina, A., Dewi, R., 

Pahlevi, M. Z., & 

Kusumawardhani, N. A. (2021). 

Komparasi Luas Tutupan Lahan di 

Kota Bandar Lampung Berdasarkan 

Algoritma NDVI (Normalized 

Difference Vegetation Index) dan 

EVI (Enhanced Vegetation Index). 

Jurnal Geosains Dan Remote 

Sensing, 2(1), 16–24. 

Effendy, S., Bey, A., Zain, A. F. M., & 

Santoso, I. (2006). Peranan Ruang 

Terbuka Hijau Dalam 

Mengendalikan Suhu Udara Dan 

Urban Heat Island Wilayah 

Jabotabek (the Role of Urban Green 

Space in Harnessing Air 

Temperature and Urban Heat 

Island. Exemplified by Jabotabek 

Area). Agromet, 20(1), 23–33. 

Fauziah, A. (2021). IDENTIFIKASI 

PARAMETER PERUBAHAN 

IKLIM. Magister Ilmu Lingkungan, 

Universitas Jambi. 

Ferdiansyah, M. R., & Siswanto, S. 

(2024). Assessment of Surface 

Urban Heat Island in Indonesia’s 

Municipal Cities BT  - Proceedings 

of the International Conference on 

Radioscience, Equatorial 

https://doi.org/10.20961/ge.v11i2.96211
https://jurnal.uns.ac.id/GeoEco/article/view/96211


p-ISSN 2460-0768 e-ISSN 2597-6044 GeoEco, Vol. 11, No 2. July 2025 Page. 452 - 478                                                     

https://doi.org/10.20961/ge.v11i2.96211            https://jurnal.uns.ac.id/GeoEco/article/view/96211        

 

Spatio Temporal Analysis to Indications… | 476 

 

Atmospheric Science and 

Environment and Humanosphere 

Science (S. Lestari, H. Santoso, M. 

Hendrizan, Trismidianto, G. A. 

Nugroho, A. Budiyono, & S. 

Ekawati (Eds.); pp. 795–805). 

Springer Nature Singapore. 

Fire Bulletin, WWF 2007. 

newberkeley.wordpress.com/wp-

content/uploads/2017/03/fct117708

4178-kebakaran-hutan-tahun-

2006.pdf 

Gubernur Sebut Muaro Jambi Daerah 

Pertumbuhan Baru Ekonomi Jambi. 

(2024). 

Https://Jambi.Antaranews.Com. 

https://jambi.antaranews.com/berita

/456254/gubernur-sebut-

muarojambi-daerah-pertumbuhan-

baru-ekonomi-jambi 

Hadibasyir, H. Z., & Firdaus, N. S. 

(2022). Effect of Vegetation and 

Building Densities To Urban 

Thermal Terhadap Kenyamanan 

Termal Perkotaan ( Studi Kasus 

Kota Denpasar ) Effect of 

Vegetation and Building Densities 

To Urban Thermal Comfort ( Case 

Study of Denpasar City ). Jurnal 

Purifikasi, 21(No 1), 11–19. 

Hermawan, E. (2015). Fenomena urban 

heat island (UHI) pada beberapa 

kota besar di Indonesia sebagai 

salah satu dampak perubahan 

lingkungan global. Jurnal Citra 

Widya Edukasi, 7(1), 33–45. 

https://giovanni.gsfc.nasa.gov/. (n.d.). 

Https://jdac.jambiprov.go.id. (n.d.). 

Jumlah Penduduk Kota Jambi 

2024. 

https://jdac.jambiprov.go.id/publika

si/berita/44/data-2024-jumlah-

penduduk-kota-jambi-64102-ribu-

jiwa44 

https://www.jambikota.go.id/. (n.d.). 

Jatmiko, R. H., & Hartono, B. P. D. 

(2016). Penggunaan citra saluran 

inframerah termal untuk studi 

perubahan liputan lahan dan suhu 

sebagai indikator perubahan iklim 

perkotaan di Yogyakarta. Fakultas 

Geografi, Universitas Gadjah 

Mada. 

Lo, C. Q., Dale A. (2003). Land-use and 

land-cover change, urban heat 

island phenomenon, and health 

implications. J Photogrammetric 

Engineering Remote Sensing, 69(9), 

1053-1063 

Liu, L., & Zhang, Y. (2011). Urban heat 

island analysis using the landsat 

TM data and ASTER Data: A case 

study in Hong Kong. Remote 

Sensing, 3(7), 1535–1552. 

https://doi.org/10.3390/rs3071535 

Mohajerani, A. B., Jason; Jeffrey-Bailey, 

Tristan. (2017). The urban heat 

island effect, its causes, and 

mitigation, with reference to the 

thermal properties of asphalt 

concrete. J Journal of 

Environmental Management, 197, 

522-538. 

Mohr, E. C. J., Baren, F. A. van, & 

Schuylenborgh, J. van. (1972). 

Tropical Soils. A Comprehensive 

Study of Their Genesis.  

https://mongabay.co.id/2018/02/09/ketik

a-suhu-jambi-terus-naik-apa-

penyebabnya-bagian-1/ 

Neiburger, M., Edinger, J. G., & Bonner, 

W. D. (1982). Understanding Our. 

Atmospheric Environment. 

Ngie, A., Abutaleb, K., Ahmed, F., 

Darwish, A., & Ahmed, M. (2014). 

Assessment of urban heat island 

using satellite remotely sensed 

imagery: a review. South African 

Geographical Journal= Suid-

Afrikaanse Geografiese Tydskrif, 

https://doi.org/10.20961/ge.v11i2.96211
https://jurnal.uns.ac.id/GeoEco/article/view/96211
https://jambi.antaranews.com/
https://jambi.antaranews.com/berita/456254/gubernur-sebut-muarojambi-daerah-pertumbuhan-baru-ekonomi-jambi
https://jambi.antaranews.com/berita/456254/gubernur-sebut-muarojambi-daerah-pertumbuhan-baru-ekonomi-jambi
https://jambi.antaranews.com/berita/456254/gubernur-sebut-muarojambi-daerah-pertumbuhan-baru-ekonomi-jambi
https://jambi.antaranews.com/berita/456254/gubernur-sebut-muarojambi-daerah-pertumbuhan-baru-ekonomi-jambi
https://jdac.jambiprov.go.id/publikasi/berita/44/data-2024-jumlah-penduduk-kota-jambi-64102-ribu-jiwa44
https://jdac.jambiprov.go.id/publikasi/berita/44/data-2024-jumlah-penduduk-kota-jambi-64102-ribu-jiwa44
https://jdac.jambiprov.go.id/publikasi/berita/44/data-2024-jumlah-penduduk-kota-jambi-64102-ribu-jiwa44
https://jdac.jambiprov.go.id/publikasi/berita/44/data-2024-jumlah-penduduk-kota-jambi-64102-ribu-jiwa44


p-ISSN 2460-0768 e-ISSN 2597-6044 GeoEco, Vol. 11, No 2. July 2025 Page. 452 - 478                                                     

https://doi.org/10.20961/ge.v11i2.96211            https://jurnal.uns.ac.id/GeoEco/article/view/96211        

 

Spatio Temporal Analysis to Indications… | 477 

 

96(2), 198–214. 

NINGSIH, R. A. Y. U. (2017). 

APLIKASI MODEL VECTOR 

AUTOREGRESSIVE (VAR) 

UNTUK PERAMALAN SUHU 

UDARA KOTA PEKANBARU 

(Studi Kasus: BMKG Stasiun 

Meteorologi Kelas I Pekanbaru). 

Universitas Islam Negeri Sultan 

Syarif Kasim Riau. 

Oke, T. R., Spronken-Smith, R. A., 

Jáuregui, E., & Grimmond, C. S. B. 

(1999). The energy balance of 

central Mexico City during the dry 

season. Atmospheric Environment, 

33(24–25), 3919–3930. 

Prastyo, F. U., Nurjani, E., & Giyarsih, 

S. R. (2022). Distribusi Spasial 

Surface Urban Heat Island (SUHI) 

Kawasan Permukiman Perkotaan di 

Kota Yogyakarta. Media 

Komunikasi Geografi, 23(1), 73–

83. 

Pratiwi, A. Y., & Jaelani, L. M. (2021). 

Analisis Perubahan Distribusi 

Urban Heat Island (UHI) di Kota 

Surabaya Menggunakan Citra 

Satelit Landsat Multitemporal. 

Jurnal Teknik ITS, 9(2), C48–C55. 

Purwanto, T. (n.d.). Perubahan 

Penggunaan Lahan pada Wilayah 

Suburban Kota Jambi. 

Http://Lib.Ui.Ac.Id/Opac/Themes/L

ibri2/Detail.Jsp?Id=20350404&loka

si=lokal. 

http://lib.ui.ac.id/opac/themes/libri2

/detail.jsp?id=20350404&lokasi=lo

kal 

Rezza, M. et al. (2023). Masa Depan 

Iklim Perkotaan di Indonesia. Klima 

Media Informasi Dan Publikasi 

Kedeputian Bidang Klimatologi 

Edisi IX. 

Roth, M. (2013). Handbook of 

Environmental Fluid Dynamics, 

Volume Two, edited by Harindra 

Joseph Shermal Fernando. 

Matology, 38, e303–e322. 

Setiawan, H., & Wibowo, A. (2023). 

Analisis Tingkat Kesesuaian Lahan 

Permukiman Berdasarkan Jaringan 

Jalan di Kota Jambi. Geodika: 

Jurnal Kajian Ilmu Dan Pendidikan 

Geografi, 7(2), 186–195. 

Singh, R. B., & Grover, A. (2015). 

Spatial correlations of changing 

land use, surface temperature (UHI) 

and NDVI in Delhi using Landsat 

satellite images. Urban 

Development Challenges, Risks and 

Resilience in Asian Mega Cities, 

83–97. 

Siswanto, S., Nuryanto, D. E., 

Ferdiansyah, M. R., Prastiwi, A. D., 

Dewi, O. C., Gamal, A., & Dimyati, 

M. (2023). Spatio-temporal 

characteristics of urban heat Island 

of Jakarta metropolitan. Remote 

Sensing Applications: Society and 

Environment, 32(July), 101062. 

https://doi.org/10.1016/j.rsase.2023.

101062 

Sobrino, J. A.; Irakulis, I. (2020). A 

Methodology for Comparing the 

Surface Urban Heat Island in 

Selected Urban Agglomerations 

Around the World from Sentinel-3 

SLSTR. Remote Sens. 2020, 

12(12), 2052; 

https://doi.org/10.3390/rs12122052. 

SST Optimum Interpolation, NOAA. 

(n.d.). 

Https://Www.Cpc.Ncep.Noaa.Gov/

Data/Indices/Sstoi.Indices. 

https://www.cpc.ncep.noaa.gov/dat

a/indices/sstoi.indices 

Sutriani, W. (2020). Pengaruh Perubahan 

Tutupan Lahan Terhadap 

Peningkatan Suhu Permukaan Kota 

Jambi. Jurnal Buana, 4(5), 1–88. 

https://doi.org/10.20961/ge.v11i2.96211
https://jurnal.uns.ac.id/GeoEco/article/view/96211
http://lib.ui.ac.id/Opac/Themes/Libri2/Detail.Jsp?Id=20350404&lokasi=lokal.%20
http://lib.ui.ac.id/Opac/Themes/Libri2/Detail.Jsp?Id=20350404&lokasi=lokal.%20
http://lib.ui.ac.id/Opac/Themes/Libri2/Detail.Jsp?Id=20350404&lokasi=lokal.%20
http://lib.ui.ac.id/opac/themes/libri2/detail.jsp?id=20350404&lokasi=lokal
http://lib.ui.ac.id/opac/themes/libri2/detail.jsp?id=20350404&lokasi=lokal
http://lib.ui.ac.id/opac/themes/libri2/detail.jsp?id=20350404&lokasi=lokal
https://doi.org/10.1016/j.rsase.2023.101062
https://doi.org/10.1016/j.rsase.2023.101062
https://doi.org/10.3390/rs12122052.
https://www.cpc.ncep.noaa.gov/Data/Indices/Sstoi.Indices.
https://www.cpc.ncep.noaa.gov/Data/Indices/Sstoi.Indices.
https://www.cpc.ncep.noaa.gov/data/indices/sstoi.indices
https://www.cpc.ncep.noaa.gov/data/indices/sstoi.indices


p-ISSN 2460-0768 e-ISSN 2597-6044 GeoEco, Vol. 11, No 2. July 2025 Page. 452 - 478                                                     

https://doi.org/10.20961/ge.v11i2.96211            https://jurnal.uns.ac.id/GeoEco/article/view/96211        

 

Spatio Temporal Analysis to Indications… | 478 

 

Syafitri, R. (2020). Konsep Adaptasi 

Fenomena UHI (Urban Heat 

Island) berdasarkan Urban 

Configuration kawasan Surabaya 

Timur. Institut Teknology Sepuluh 

Nopember. 

Tursilowati, L. (2002). Urban heat island 

dan kontribusinya pada perubahan 

iklim dan hubungannya dengan 

perubahan lahan. Seminar Nasional 

Pemanasan Global Dan Perubahan 

Global. Fakta, Mitigasi, Dan 

Adaptasi. Pusat Pemanfaatan Sains 

Atmosfer Dan Iklim LAPAN, 89–96. 

V. Miles., & I Esau, (2017). Seasonal 

and spatial characterictics of urban 

heat island (UHIs) in Northern 

West Siberian Cities. Nansen 

Environmental and Remote Sensing 

Center/Bjerknes Centre for Climate 

Research, 5006 Bergen, Norway. 

Remote Sens. 2017, 9(10), 989; 

https://doi.org/10.3390/rs9100989 

Voogt, J. A. (2002). Urban heat island: 

causes and consequences of global 

environmental change (pp. 660-

666). Encyclopaedia of Global 

Environmental Change, 3. 

Voogt, J. A., & Oke, T. R. (2003). 

Thermal remote sensing of urban 

climates. Remote Sensing of 

Environment, 86(3), 370–384. 

Wang, K., Jiang, S., Wang, J., Zhou, C., 

Wang, X., & Lee, X. (2017). 

Comparing the diurnal and seasonal 

variabilities of atmospheric and 

surface urban heat islands based on 

the Beijing urban meteorological 

network. Journal of Geophysical 

Research: Atmospheres, 122(4), 

2131–2154. 

Zhao, J., Zhao, X., Liang, S., Zhou, T., 

Du, X., Xu, P., & Wu, D. (2020). 

Assessing the thermal contributions 

of urban land cover types. 

Landscape and Urban Planning, 

204(19), 103927. 

https://doi.org/10.1016/j.landurbpla

n.2020.103927 

 

https://doi.org/10.20961/ge.v11i2.96211
https://jurnal.uns.ac.id/GeoEco/article/view/96211
https://doi.org/10.3390/rs9100989
https://doi.org/10.1016/j.landurbplan.2020.103927
https://doi.org/10.1016/j.landurbplan.2020.103927

