
Monitoring’2025   

 

 

XVIII International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
14–17 April 2025, Kyiv, Ukraine 

 

Mon25-040 
Land surface emissivity estimation technique based on 
NDVI/ASTER GED data correlation 

*M. Lubskyi (State Institution "Scientific Centre for Aerospace Research of the Earth of the Institute 
of Geological Sciences of the National Academy of Sciences of Ukraine"), A. Khyzhniak (State 
Institution "Scientific Centre for Aerospace Research of the Earth of the Institute of Geological 
Sciences of the National Academy of Sciences of Ukraine"), I. Piestova (State Institution "Scientific 
Centre for Aerospace Research of the Earth of the Institute of Geological Sciences of the National 
Academy of Sciences of Ukraine"), T. Orlenko (State Institution "Scientific Centre for Aerospace 
Research of the Earth of the Institute of Geological Sciences of the National Academy of Sciences of 
Ukraine") 

SUMMARY 

Land surface temperature estimation using remote sensing technologies is a complex task that 
requires information about both emitted radiance and the emissivity capabilities of the 
detecting object. Emissivity estimation is an extraordinary challenge since there is no resistant 
and physically justified relationship between spectral emissivity and spectral radiance. Many 
techniques were developed to estimate spectral emissivity using optical data, mainly 
considering its relationship with spectral indices. The main disadvantage of such an approach 
is that it consider specific types of surfaces, mostly vegetation cover and water surfaces, and it 
can hardly be applied to artificial covers. The proposed technique involves existing emissivity 
geospatial products (for instance, ASTER GED) to expand the basic approach for the entire 
range of spectral indices, applied for deriving surface emissivity using its synthesized 
correlation with the spectral index. Also, this approach enhances the spatial resolution of the 
resulting land surface temperature products. 
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Introduction 
 
Land surface temperature (LST) is one of the key characteristics of the Earth's surface that can be 
determined using remote sensing methods. LST determination is applied in studies of urban heat islands 
(Xiong et al., 2023), sea surface (Van Wynsberge et al., 2024), geological studies (Ibrahim & Abu-
Mallouh, 2018) and is also an important component of climate studies (Lyalko et al., 2023). LST data 
acquisition is applied by scanning systems sensitive to long-wave infrared radiation in the range (3–
14 μm) that corresponds to the self-radiation of bodies with normal temperatures. The conversion of 
radiance data into temperature is implemented according to Planck's law for a "grey body" (Tang & Li, 
2014). Besides radiance data, Planck's law also requires determining the thermal emissivity data, a 
variable independent of thermal radiance properties. In the case of geospatial data processing, an 
additional geospatial data layer is required. It complicates obtaining the resulting temperatures but 
significantly increases accuracy. 
 
There are many methods for determining thermal emissivity using optical data, most of which are based 
on the relationship between emissivity and spectral indices, particularly NDVI (Neinavaz et al., 2020). 
However, this method is well suited for determining the emissivity of natural surfaces like water bodies, 
vegetation covers or bare soil. For other types of surfaces, the proposed technique is an empirical 
determination of the dependence of the emissivity on the vegetation index based on existing emissivity 
models, in particular ASTER GED (Global Emissivity Dataset), which is supplied with 2A-level 
geospatial product from Landsat satellites. Sentinel-2 satellite data with a spatial resolution of 10 m is 
proposed to be used for direct emissivity determination from optical data. The advantage of using 
optical data is that typical geospatial surface temperature data have a relatively low spatial resolution 
(for Landsat data, it is within 60-100 m). Thus, up-to-date and more detailed emissivity data are 
obtained, significantly increasing the spatial resolution of the resulting surface temperature data. 
 
Method and  Theory 
 
Planck's law for body temperature determining was adapted to Landsat satellite data in the specific 
thermal radiance range (10.6–12.5 μm) during the calibration of the developed system. This procedure 
is necessary because Planck's constants are inconvenient to calculate due to the significant orders of 
magnitude of the constants required. Therefore, Planck's equation is usually transformed using the 
calculated sensor-specific constants K1 and K2, established during laboratory calibration 
(Chander et al., 2009): 

𝑇𝑇 = 𝐾𝐾2
𝑙𝑙𝑙𝑙�𝐾𝐾1𝐿𝐿𝑠𝑠

+1�
,      (1) 

where T – is the land surface temperature (К); Ls – atmospherically corrected land surface thermal 
radiance.  
 
For the most precise LST estimation, it is mandatory to consider the influence of the atmosphere on 
solar radiation transmitted through the atmosphere since the atmosphere contains many gas and aerosol 
fractions capable of absorbing, scattering and reflecting electromagnetic radiation depending on its 
wavelengths. In order of their estimated impact on the Earth's heat balance, the leading greenhouse 
gases are water vapor, carbon dioxide, methane and ozone.  
 
The generalized atmospheric model used to correct for the influence of the atmosphere on radiation 
requires the determination of three parameters. It is the spectral upwelling thermal radiance in the sensor 
direction, the spectral downwelling thermal radiance in the direction of the Earth's surface, and the 
spectral atmospheric transmittance. This model typically has the following form (Yu et al., 2004): 
 



Monitoring’2025   

 

 

XVIII International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
14–17 April 2025, Kyiv, Ukraine 

 

𝐿𝐿𝑠𝑠 = 𝐿𝐿𝑖𝑖−𝐿𝐿𝑖𝑖
↑

𝜀𝜀𝑖𝑖𝜏𝜏𝑖𝑖
− 1−𝜀𝜀𝑖𝑖

𝜀𝜀𝑖𝑖
𝐿𝐿𝑖𝑖↓,     (2) 

where Ls – land surface thermal radiance in i spectral range; Lі – top-of-atmosthere thermal radiance in 
i spectral range; 𝐿𝐿𝑖𝑖↑ , 𝐿𝐿𝑖𝑖↓  and τi – upwelling thermal radiance, downwelling thermal radiance and thermal 
radiance atmospheric transmittance in i spectral range respectively; εі – land surface emissivity in i 
spectral range. 
 
Thermal emissivity data is included in the atmospheric correction model. Thermal emissivity requires 
independent determination using optical data in the visible and near-infrared ranges. Since vegetation 
and open soils are the most widely spread land covers, the most common approach to land surface 
spectral emissivity mapping using visible and near-infrared range data is to determine its dependence 
on vegetation indices (Alexander, 2020). The principle of calculating the thermal emissivity of surfaces 
covered with vegetation is based on the difference in thermal emissivity of vegetation covers and soils 
through specific NDVI thresholds. The NDVI range is set for values specific to open soil and surfaces 
with maximum vegetation (NDVI value range 0.25–0.85), and the corresponding emissivity thresholds 
are 0.985 for vegetated surfaces and soil, on average 0.92. A threshold is also set for a water surface for 
which the NDVI value is <–0.1. 
 
The main difficulty arises with types of surfaces other than natural. In this case, obtaining a clear, 
physically justified dependence is impossible. The determination of the functional dependence is 
implemented empirically based on comparing data on the thermal emissivity of a specific type of surface 
taken from the available ready-to-use emissivity data (ASTER GED was chosen) and the corresponding 
value of the NDVI index. Since there is no physical justification for the dependence of the emissivity 
on their spectral properties, a statistical calibration method is used, which involves a sample of points 
for determining the NDVI-emissivity dependence. The range –0.1 < NDVI < 0.25 mainly includes 
artificial surfaces. For a functional dependence between the thermal emissivity in the particular points 
and the corresponding NDVI values (the calibration function), the territory of the urban environment 
and the following data were applied: 
 

• The NDVI distribution from atmospherically corrected Sentinel-2 satellite data with a spatial 
resolution of 10 m; 

• The reference data for the thermal emissivity distribution were obtained from the Landsat-9 Level 
2 Collection 2 geospatial product, which contains the spatial layer ST_EMIS: emissivity of 
Band 10 estimated from ASTER GED with a spatial resolution of 100 m. 

 
Results 
 
For data correspondence NDVI data from Sentinel-2 satellite image and ASTER GED data were 
selected for the same area with the minimum time interval to minimize the impact of any time changes 
on the values: Sentinel-2 image from 24 of September 2023 and ASTER GED data from 27 of 
September 2023. The thermal emissivity values  and the NDVI index are determined at random points. 
In this case, the points are selected within the objects with large areas whose characteristics are chosen 
to cover a location close to the pixel size of the ASTER GED data: large parking lots, buildings and 
constructions and other homogeneous artificial surfaces. The dependence of the thermal emissivity on 
the NDVI index was established based on a sample of 34 control points within the specified ranges of 
NDVI values, and a calibration function was determined (Fig. 1). 
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Figure 1 Sentinel-2 NDVI/ ASTER GED Emissivity dependence function for 34 control points. 
 
Derived dependence is represented by a cubic polynomial of the form: 

𝐸𝐸𝐸𝐸 = 6.6972(𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁3) − 2.2252(𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁2) + 0.1569(𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁) + 0.9586, (3) 

where Em – ASTER GED surface emissivity in the particular point, NDVI – Sentinel-2 based NDVI 
value in the same point. According to dependence (3), thermal emissivity is calculated for all points of 
the Sentinel-2 image, where the NDVI index evaluated within the range of – 0.1 < NDVI < 0.25, i.e. 
they fall mainly on artificial surfaces. This approach allows not only the obtaining of thermal emissivity 
for artificial surfaces but also a significant increase in the detail of the resulting emissivity distribution 
by involving data with a much higher spatial resolution than the reference ASTER GED (Fig. 2). 

 
Figure 2 Comparison of emissivity distribution data from the ASTER GED product (a) and the 
synthesized image from the Sentinel-2 optical imaging data (b) – image of part of Kyiv, Ukraine, a – 
September 27, 2023 and b – September 24, 2023). 
 
Thus, having calculated the NDVI distribution based on Sentinel-2 data, using the red and near-infrared 
bands with a spatial resolution of 10 m and combining three methods for determining surface emissivity 
(for water, natural and artificial surfaces), the obtained data is included in the atmospheric correction 
equation (2), which is applied to the surface temperature determination function (1). An LST 
determining accuracy assessment using the synthesized emissivity data showed that the average 
temperature deviation was nearly 0.85 °C, and the maximum deviation was 1.84 °C. The LST 
determination accuracy using synthesized emissivity is satisfactory, and the vast majority of cases of a 
significant temperature difference between the original and processed data result from an increased 
detailization. 
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Conclusions 
 
The developed technique for synthesizing emissivity data based on optical satellite imaging data allows 
us to significantly increase the detailization of the LST data and perform statistical calibration of the 
emissivity dependence function on various spectral indices. This technique is flexible because the 
obtained function (3) is a specific case and can be recalibrated using a more appropriate spectral index 
for the studied area. The disadvantage of the technique is the significant stochasticity of the 
NDVI/Emissivity dependence distribution since there is no physical regularity between the emissive 
and spectral properties of bodies. However, a relatively high LST precision has been obtained. 
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