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 Surface temperature is one of the parameters in land–surface 
physical processes and is applied to global warming, climate 
change, and cycle hydrology. Two thermal bands in Landsat 8 
imagery can be used as input for surface temperature extraction 
using the Split Windows Algorithm (SWA) and Planck method. 
This study aims to compare surface temperature estimates using 
the SWA and Planck methods and determine the surface 
temperature distribution based on the condition of land cover 
and its changes. The remote sensing data used are Landsat-8 
OLI/TIRS Aqua MODIS images on August 27, 2013, and October 
1, 2020. The results showed that Landsat 8 could obtain land 
cover information with an accuracy of 90% in 2013 and 91% in 
2020. Planck surface temperature in 2013 was 1-3°C higher than 
SWA, while in 2020, Planck was 0.001-0.05°C lower than SWA 
but had similar distribution and pattern. The vegetation in the 
study area's central and south sides has a lower surface 
temperature than the built-up area on the north side. Land cover 
changes from non-built up to build-up area cause surface 
temperatures to increase. Each land cover has a different 
emissivity value and affects the surface temperature value, i.e., 
the lower the emissivity, the higher the surface temperature. The 
emissivity with surface temperature has a pearson correlation 
value ≥-0.8**. 

  

Keywords: 
Surface Temperature 
Split Windows Algorithm 
Planck 

 

  

Corresponding Author 
E-mail: 
siti.zahrotunisa95@gmail.com 

 

 
INTRODUCTION 

Land surface temperature reflects the 
amount of radiation emitted from the 
surface and sub-surface of the earth and the 
exchange of energy between the earth's 
surface and atmosphere (Weng et al., 2019). 
Land surface temperature is one of the 
critical parameters used to analyze global 
warming, climate change, and the 
hydrological cycle (Li et al., 2013; Ferreira et 
al., 2016; Jatmiko, 2016). Multitemporal 
analysis of surface temperature can predict 
fish catchment areas in the sea (Nurman, 
2010). The surface temperature can be 
estimated from radiance measurements by 
meteorological stations, but this method 
does not generally allow large-scale 
monitoring since it is a point-based 

measurement (Hale et al., 2011). Semarang 
city and its surroundings have a variety of 
land cover that can provide a spatially 
varied range of surface temperature values.  

Due to the aggravation of the heat 
island effect, current research on LST is 
mainly focused on urban areas. Analyzing 
surface temperatures for various land uses 
optimizes the distribution of green space to 
reduce the heat island effect (X. Li et al., 
2013). The urban area is warmer than the 
suburban area because the metropolitan area 
is mainly covered by built-up areas (compact 
low-rise buildings, large low-rise buildings, 
roads, and paved) (Nurwanda & Honjo, 
2018). Land cover area and its changes affect 
surface temperature (Abas et al., 2017; Sasky 
et al., 2017). Knowing the relationship 
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between land cover and surface temperature 
helps analyze the relationship between 
changes that occur over a specific time 
(Bokaie et al., 2016). 

The remote sensing method is more 
effective in estimating land surface at large 
temporal and spatial scales than traditional 
measurement (Chen et al., 2017). Various 
land surface products produced from 
satellite data have been widely used in the 
urban ecological environment, natural 
disasters, and water management (Meng et 
al., 2019). Thermal remote sensing captures 
the radiation emitted from the ground 
primarily to estimate the surface 
temperature (Sekertekin & Bonafoni, 2020). 
Surface temperature values can be obtained 
spatially using Landsat 8. Two thermal 
bands in Landsat 8 imagery, bands 10 and 
11, can be used as input for surface 
temperature processing. Another benefit of 
Landsat 8 is that images are available for free 
and have a temporal resolution of 16 days, 
allowing for multitemporal analysis 
(Department of the Interior U.S. Geological 
Survey, 2016). 

Split Window Algorithm (SWA) and 
Planck can extract surface temperature. 
SWA uses two thermal bands with different 
absorption characteristics to produce 
atmospheric attenuation information on 
thermal radiation (Rozenstein et al., 2014). 
SWA for atmospheric correction can 
minimize errors in surface temperature 
retrieval (Rozenstein et al., 2014). SWA is 
commonly employed because it does not 
require high precision atmospheric profiles 
(Chen et al., 2017; Wang et al., 2019). 
Emissivity and atmospheric transmission 
are two other SWA inputs. Emissivity can be 
calculated based on land cover (Jensen, 2014) 
and atmospheric transmission obtained 
based on the correlation with water vapor 
content. The water vapor content was 
calculated using a near-infrared band from 
the Aqua MODIS. 

The Planck method is used to compute 
the thermal radiation intensity, or the 
amount of thermal electromagnetic 
radiation emitted by a blackbody under 

thermal equilibrium conditions at a known 
temperature (Ndossi & Avdan, 2016). The 
surface temperature is obtained using the 
emissivity image by inverting the Planck 
equation. The Planck method uses Landsat 8 
band ten because band 11 has experienced 
calibration instability since March 29, 2016 
(Department of the Interior U.S. Geological 
Survey, 2016). 

Many scholars have studied the 
method for surface temperature retrieval. 
Mono Windows Algorithm (MWA), SWA, 
and Single Channel (S.C.) can retrieve the 
surface temperature correctly (Wang et al., 
2019). All three algorithms produce the same 
spatial variation of surface temperature, and 
the surface temperature of the urban area 
was significantly higher than the suburbs. In 
high temperature and humid regions, the 
SWA is recommended. All three algorithms 
can be used in the case of low temperature 
and water vapor content. The Planck 
function has the highest accuracy, SWA has 
medium accuracy, and SCA has the most 
insufficient accuracy (Ndossi & Avdan, 
2016). The SWA has the lowest observed 
RMSE (1.6–2°K), S.C. has RMSE value (2.0-
2.3°K), and the radiative transfer equation 
(RTE) has the highest observed RMSE values 
(2.0–3.6°K) (García-Santos et al., 2018). 

Surface temperature data from 
thermal infrared remote sensing data, often 
used for studying urban heat island effects 
(Azevedo et al., 2016; Nurwanda & Honjo, 
2018). The diversity of algorithms or 
methods for surface temperature estimation 
makes it difficult for scholars to choose the 
proper technique. The study results can be 
used as a reference to choose the appropriate 
method for surface temperature retrieval. 
This research aims to determine the 
comparison of surface temperature value 
using the SWA and Planck methods and to 
determine the surface temperature based on 
land cover conditions and changes. 

 
RESEARCH METHODS 

Generally, this research is divided into 
three phases: pre-field survey, field survey, 
and post-field survey. The pre-field survey 
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consists of preparing the data used in the 
study and data processing carried out to 
obtain research results. The field survey is to 
get data to test the remote sensing data 
extraction results' accuracy in the pre-field 
survey. The post field survey includes all 
activities to complete the data processing 
and analysis 

The research was conducted in 
Semarang city and its surroundings, urban 
and rural areas (Figure 1). The site is located 

at 110°17'49''E — 110°28'58''E and 6°56'6' 'S 
— 7°11'46''S. The area has varieties of land 
cover, so this can describe the distribution of 
surface temperature on the different land 
cover. The research area also covered 
homogeneous areas such as urban areas 
with dominant built-up areas, rural areas 
with dominant vegetation, and transition 
areas to analyze the surface temperature in 
these areas.

 

 
Figure 1. The location of the research area 

 
The remote sensing data used were 

Landsat-8 OLI / TIRS and modified Aqua 
MODIS images on August 27, 2013, and 
October 1, 2020. Landsat-8 OLI was used to 
classify land cover and emissivity, Landsat 8 
TIRS, and Aqua MODIS to obtain surface 
temperature. 

The data processing phase consists of 
geometric correction, radiometric correction, 
multispectral classification, surface 
emissivity extraction, surface temperature 
extraction, and field sample identification. 

Landsat 8 level 1T image is a globally 
corrected geometric image using DEM and 
GCP with a horizontal accuracy ≦ of 12 
meters (Dianovita & Mahendra, 2014). 
Geometric corrections were carried out on 
the Aqua MODIS image due to a narrowing 
in a specific area, and the image position was 
reversed. The maximum likelihood was 
used to obtain land cover data. The classified 
land cover based on the value of the object's 
emissivity can be seen in 30 meters 
resolution (Table 1).  
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Table 1. Emissivity based on land cover 

Land cover Emissivity 

Closed canopy vegetation 0,98 
Open canopy vegetation 0,96 
Tile roof 0,92 
Zinc 0,90 
Concrete 0,90 
Wet soil 0,95 
Dry soil 0,92 
Water bodies 0,98 
Tar 0,95 

Source: (Jensen, 2014). 
 

Surface emissivity was obtained using 

the equation referred to in Table 1. The 

estimation of the surface temperature using 

SWA refers to the equation from (Rozenstein 

et al., 2014) and Planck equation from (Tan 

et al., 2017). Stratified random sampling was 

used to determine samples based on land 

cover class. There were 100 point samples. 

The field survey included checking the 

land cover sample points and interviewing 

residents to gather information about land 

cover changes. The resulting land cover 

classification was assessed its accuracy using 

the confusion matrix method (Congalton & 

Green, 2008) by comparing the classification 

results with field data. The higher the overall 

accuracy value, the more precise the land 

cover classification results are. Descriptive 

analysis was carried out on the land surface 

temperature extraction and land cover. Each 

land cover has an emissivity value as an 

input parameter to obtain surface 

temperature. Then, statistical analysis 

Pearson product-moment (Sugiyono, 2007) 

to determine the relation, direction, and 

emissivity influence surface temperature. 

Figure 2 shows the research flowchart.

 

 
Figure 2. Research flowchart 
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RESULT AND DISCUSSION 
Land Cover Change 

The land cover classification accuracy 
is influenced by the ability to identify objects 
and the Region of Interest (ROI) quality of 
land cover samples. The distribution and 
sample amount influence ROI quality. It can 
also be specified with separability value in 
land cover class, i.e., ranges between 0—2. 
The higher the separability ROI value, the 
better the sample taken due to the different 
land cover levels. Classification results get 
separability value near on 2, more than 1.5. 

The accuracy test is carried out by 
comparing the classification results with 
existing land cover, the results of interviews 
with residents(Sejati et al., 2020), and high-
resolution images (Putri & Wicaksono, 
2021). Land cover classification using 
maximum likelihood on Sentinel-2 has an 
overall accuracy of 95.6% (Indarto et al., 
2020). This research used Landsat-8 for land 
cover classification and produced accurate 
results, with an overall accuracy of 90% in 
2013 and 91% in 2020. The result can be seen 
in Figure 3. 

 

     

 
Figure 3. Land cover map of the research area 2013 and 2020 

 
Figures 3 and 4 show the distribution 

of 9 land cover classes in 2013 and 2020. 
Built-up area is the dominant land cover, 
including zinc land cover, tile roofs, concrete 
in the north and east, water bodies in the 
north, open canopy, closed-canopy objects in 
the west and south. The built-up area does 
not go through a transformation, while the 
non-built-up area, i.e., vegetation in the 
south and west side, tends to change into a 
built-up area. The expansion of the built-up 
area in the study area is not very significant, 
but these changes occur larger. Land cover 

changes at the west side of Semarang city, 
i.e., settlement conversion and vegetation 
changes into a highway (Semarang-Batang), 
the increase of building in BSB residential 
land, the increase industrial buildings in 
Candi industrial area, and vegetation 
conversion into Jatibarang reservoir. 

The resulting land cover changes were 
not always purely caused by changes in the 
field. Still, they can also be caused by 
differences in image acquisition time, 
considering that several land cover classes in 
the study area are strongly influenced by 
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season. Dryland and open canopy (rice field) 
are controlled by planting time, so it is 
possible that the fields were not in the 
planting season during image acquisition. 
Vegetation near an existing built-up area 
tends to trigger the expansion of the built-up 
area. Based on the interviews with residents, 
the trend in recent years is a strong desire to 
settle in the central part of Semarang City 
and around Semarang Regency. This is 
triggered by the condition in the northern 
side of Semarang city is not conducive due 

to the hot temperature, air pollution from 
heavy vehicle roads, tidal flooding, and lack 
of green space. 
 
Comparison Surface Temperature 

Land cover maps are used to obtain 
emissivity images. Emissivity image used as 
an input for surface temperature extraction 
using SWA and Planck method. Figures 5 
and 6 show the surface temperature from 
both approaches in the study area.

 

    
Figure 5. SWA method surface temperature of research area 2013 and 2020 

 
 

    
Figure 6. Planck method surface temperature of research area 2013 and 2020 
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Figure 5 indicates the results of the 
SWA method in 2013 and 2020 have surface 
temperature values between 18 - 45°C. 
Surface temperature from the Planck 
method is lower than SWA, i.e., at ranges 18 
- 43°C. Both ways generate different fields of 
temperature values but have similar 
distribution and patterns because the 
equations and input parameters are other. 
SWA uses two thermal bands that have 
different absorption characteristics, 
emissivity data, and atmospheric 
transmission, while planck uses one thermal 
band and emissivity data. High surface 
temperature in the north and east sides of 
Semarang City from 2013-2020. The increase 
in surface temperature occurred in the 
western side of Semarang City and the 
central to southern side due to the built-up 
area expansion. The south side of the study 

area, around Mt. Ungaran, has a low surface 
temperature and tends not to change since it 
is a conservation area. This shows that 
variations influence variations in surface 
temperature in topography or altitude, 
namely, the higher the length, the lower the 
surface temperature. 

Figure 7 shows object zinc and 
concrete have high surface temperature 
while water bodies and closed canopy have 
a low surface temperature. The tile roof has 
a similar temperature with zinc and 
concrete. The tile roof is close to another 
built-up area such as zinc, concrete, tar that 
make the different objects radiate then affect 
its surface temperature value. Planck surface 
temperature in 2013 was 1-3°C higher than 
SWA, while in 2020, Planck was 0.001-0.05°C 
lower than SWA.

 

 
Figure 7. Graph of the mean value of surface temperatures over various land covers 

 
The surface temperature is higher than 

the air temperature, and the higher the 
surface temperature, the higher the air 
temperature (Wiweka, 2014; Azevedo et al., 
2016). The estimation results of the surface 
temperature of the SWA and Planck 
methods are higher than the air temperature, 
so the estimation results are correct based on 
the relationship (Table 2). SWA with air 
temperature has a more significant 

difference in value than Planck with air 
temperature. The error value of the SWA 
and Planck estimation results cannot be 
calculated because there are no surface 
temperature data from secondary reference 
or field measurement. The results of surface 
temperature extraction from remote sensing 
data are difficult to verify (Wang et al., 2019). 
 

 
 

https://doi.org/10.24114/jg.v14i1.24603


Jurnal Geografi - Vol 14, No 1 (2022) – (11-21) 

https://jurnal.unimed.ac.id/2012/index.php/geo/article/view/24603 

 Comparison of Split Windows | 18 
  

Table 2. Surface temperature values obtained from SWA, Planck, and air temperature values 
at meteorological and climatological stations in Semarang 

 October 1, 2020 August 27, 2013 

Climatology Station Class I Semarang 
(Air Temperature) 

33 31 

SWA 35 38 

Planck 33.46 36.8 

Climatology -SWA -2 -7 

Climatology -Planck -0.46 -5.8 

Meteorology Station Class II Ahmad 
Yani 
(Air Temperature) 

33.6 27.7 

SWA 37 38.5 

Planck 32 35.3 

A Yani-SWA -3.4 -10.8 

A Yani-Planck 1.6 -7.6 

Meteorology Station Class II Tanjung 
Mas 
(Air Temperature) 

32.2 27.7 

SWA 35 41.2 

Planck 33.4 36.6 

T Mas-SWA -2.8 -13.5 

T Mas-Planck -1.2 -8.9 

Table 3 shows that the vegetation 
objects in 2013 changed into concrete and 
zinc, increasing the surface temperature. The 
open canopy changed into a closed top, 
causing the surface temperature to decrease. 

The water bodies changed into dry soil, 
causing the surface temperature to 
increase—the more vegetation and water, 
the lower the surface temperature.

 
Table 3. Examples of surface temperature values due to changes in land cover 

Sample number 1 11 73 105 

Object 2013 Water bodies Open canopy Closed canopy Open canopy 
Object 2020 Dryland Concrete Zinc Closed canopy 
SWA 2013 28.88 35.19 32.16 32.73 

Planck 2013 28.85 35.32 32.37 32.9 
SWA 2020 36.5 38.69 38.32 26.61 

Planck 2020 36.5 38.6 38.3 26.6 

Pearson Product Moment Analysis 
 Both methods use the emissivity 
value of each land cover. Therefore, the 

Pearson product-moment correlation is used 
to analyze the effect of emissivity on surface 
temperature (Table 4 and 5). 

 
Table 4. The results of the correlation between the Pearson product-moment of emissivity 

and surface temperature in 2013 
 SWA 2013 Planck 2013 

Emissivity 2013 

Pearson Correlation -0,8** -0,82** 

Sig. (2-tailed) 0 0 

N 100 100 
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Table 5. The results of the correlation between the Pearson product-moment of emissivity 
and surface temperature in 2020 

 SWA 2013 Planck2020 

Emissivity 2020 

Pearson Correlation -0,88** -0,84** 

Sig. (2-tailed) 0 0 

N 100 100 

Tables 4 and 5 show emissivity with 
surface temperature has a robust correlation 
and negative and significant correlation. The 
strong and significant correlation can be 
seen from the correlation value >0.8**. 
Emissivity affects surface temperature 
>64%, and the rest are from other factors. 
The direction of the correlation is that the 
higher the emissivity, the lower the surface 
temperature. The lower the ability to absorb 
heat, the higher the emissivity value, and the 
higher the ability of the object to absorb heat, 
the lower the emissivity value. Table 1 and 
the surface temperature map show that the 
closed canopy and the water bodies have the 
highest emissivity value of 0.98 and a low 
surface temperature of 26-28°C. Zinc and 
concrete have a low emissivity value of 0.9 
and a high surface temperature of 35-40°C. 
 
CONCLUSION 

Estimated Land surface temperature 
carried out using the SWA and Planck 
methods has a slight difference value of 
2020, while in 2013, Planck was higher 1–3°C 
than SWA. Both approaches have similar 
distribution and pattern that urban area on 
the north side has a high surface 
temperature. In contrast, vegetation on the 
central and southern sides has a low surface 
temperature. It can be concluded that the use 
of two Landsat 8 thermal bands and the 
atmospheric transmission value of Aqua 
MODIS in the SWA method have more 
influence on the results of the estimated 
surface temperature in 2020. 

The land cover change occurred in the 
north, west, and central to the south side of 
the study area from 2013-2020—land cover 
changes from non-built to build-up area 
cause the surface temperatures to increase. 
Several land cover changes, i.e., industrial 
buildings, toll roads, and residential land. 
The more vegetation and water, the lower 

the surface temperature, and the more 
build-up area, the higher the surface 
temperature. The emissivity value of land 
cover with surface temperature value has 
a significant and robust correlation 
(>0.8**). The higher the emissivity, the 
lower the surface temperature. 
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