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A Python-Based Application for Retrieving Land Surface Temperature (LST)
from Landsat Imagery

L\bstracﬁ
LST (land surface temperature) derived from thermal infrared remote sensing images is directly related to land

use and land cover changes. Remote sensing, as an irreplaceable method to obtain LST at global and regional
scales, enables effective monitoring of LST with Spatio-temporal continuity. LST helps in separating urban areas
from bare areas and improves land use/cover generation through classification of remotely sensed imagery. In this
study, a Python-based user interface was developed to make land surface temperature retrieval easier and faster.
LST can be retrieved by inputting required parameters in different methods such as Single Channel Algorithm
(SCA), Radiative Transfer Equation (RTE) method, Split Window Algorithm, and two Mono Window Algorithms
(MWA), from Landsat missions (Landsat 5, 7, and 8). Comparing the results in this study showed that RTE and
SCA with root mean square error (RMSE) equal to 3.76 and 8.97 degrees Celsius had the highest and lowest
accuracy. LST is affected by atmospheric particulate matter, land cover and urban morphology. Various methods
of LST retrieval consider surface temperature, water vapor and other atmospheric factors. The developed user
interface helps researchers and managers in monitoring land surface temperature change through time as affected
by land use/cover, especially urban land use.

Keywords: Remote sensing, Single Channel Algorithm, Radiative Transfer Equation, Split Window Algorithm,
Mono Window Algorithms.
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Abstract |

Statement of the Problem:

Land surface temperature (LST) is generally defined as the sensed temperature of the ground. Satellite images can be
used for the calculation of LST values, which are measured in degree Celsius. LST derived from satellite remotely-sensed
thermal infrared imagery is a crucial factor when studying the impacts of land use and land cover (LULC) changes such
as urban thermal patterns. LST is affected by or depends on many variables, including the type of land surface,
atmospheric conditions, surface moisture, and illumination; thus, it is challenging to obtain in-situ LSTs that are
representative of large regions. In contrast, thermal infrared remote sensing has the advantage of wide coverage and the
ability to make regular revisits of a site on a regional and global scale. The spectral radiance measured by the TIR sensors
on board satellites is affected not only by the surface parameters (temperature and emissivity) but also by the composition
and structure of the atmosphere (especially water vapor). Thus, for proper use of TIR remote sensing data in temperature
research applications, these atmospheric effects must be eliminated. In general terms, the atmospheric correction is
inclusion of the top-of-the-atmosphere (TOA) conditions in ground-level measurements. Neglecting the atmospheric
correction leads to systematic errors in the LST estimation for any atmosphere.

Purpose: Since atmospheric effects and emissivity are two fundamental factors to derive LST from thermal data, different
approaches have been developed according to various data sources. These algorithms are named considering the number
of TIR bands used. For example, single-channel or mono-window algorithms use only one TIR band. However, split
window or multi-channel methods include more than one TIR band. The purpose of this study was to develop a python-
based user interface to make land surface temperature retrieval easier and faster. Using this user-interface, LST can be
retrieved from Landsat missions (Landsat 5, 7, and 8) by entering required parameters in different methods such as Single
Channel Algorithm (SCA), Radiative Transfer Equation (RTE) method, Split Window Algorithm, and two Mono Window
Algorithms (MWA).

Methodology: In this study, five images from the Landsat 5, 7, and 8 series were utilized for LST retrieval. The data for
the years 1989 and 2001 (Landsat 5 TM), 2002 (Landsat 7 ETM+) and 2013 and 2021 (Landsat 8 OLI/TIRS) were used
for Gorgan, a city in the north east of Iran. Meteorological data were obtained from Gorgan airport and Hashemabad
synoptic station and the ogmet website in hourly basis. Using Python programming language (Python 3.7) a program was

4
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developed to calculate LST for Landsat data. Most image-processing software need complex procedures to estimate LST,
which limits the application of LST. Therefore, in order to simplify the operational processes, a direct and practical model
was developed. Additionally, it is possible to apply land surface emissivity (LSE) image generated by a different model.
Using the interface, LST can be retrieved by inputting the required parameters in different methods such as Single Channel
Algorithm (SCA), Radiative Transfer Equation (RTE) method, Split Window Algorithm, and two Mono Window
Algorithms (MWA), from Landsat missions (Landsat 5, 7, and 8). The main differences among these methods are their
mathematical formulations and input parameters. While all of the methods can be applied to TM, ETM+ and OLI/TIRS
data of Landsats 5, 7 and 8, the SWA is suitable only to Landsat 8 OLI/TIRS data, since it requires at least two TIR bands.
Sometimes there may be no ground measurements available to perform atmospheric correction, accuracy assessment and
LST retrieval. In such cases, a mono -window algorithm that does not require atmospheric variables for LST retrieval was
considered. The Root Mean Square Error (RMSE) was used to compare the results of the algorithms based on weather
station data. RMSE is a widely used statistical measure that compares the difference between the predicted values of a
model and the observed values.

Results and discussion: This study revealed that all algorithms can be used in the estimation of LST from TM, ETM+
and TIRS belonging to Landsat’s 5, 7 and 8. The availability of meteorological parameters can play a large role in the
selection of the algorithm. A mono-window algorithm that does not require atmospheric variables during the satellite
overpass time was used for the year 1989. The findings showed that the spatial variation of the LST retrieved by the
algorithms was almost the same, and the surface temperature of the urban area was significantly higher than that of the
suburbs. All algorithms were shown to be able to recover LST pretty satisfactorily, and the results were applicable to
various studies. Comparing the results in this study showed that RTE and SCA with root mean square error (RMSE) equal
to 3.76 and 8.97 degrees Celsius had the highest and lowest accuracy respectively. The differences in the results may be
due to the errors originating from the simulation of atmospheric parameters, estimation of LSE as well as errors of the
estimation of atmospheric water vapor. It should also be noted that the temperature values used in the accuracy assessment
were “near surface temperatures” measured from the meteorological stations which were somehow different than the
actual temperatures of the ground. These temperatures are measured at a height of two meters above the ground.

Conclusion: This paper introduced a python-based user interface for computation of Land surface temperature. Four
Land surface temperature retrieval algorithms (RTE, SCA, and two MWA) were evaluated using Landsat 5 TM, 7 ETM+,
and 8 OLI/TIRS data, and additionally, SWA were assessed for Landsat 8 OLI/TIRS data. LST is affected by atmospheric
particulate matter, land cover and urban morphology. Various methods of LST retrieval consider surface temperature,
water vapor and other atmospheric factors. The selection of algorithms for retrieving the LST, the acquisition of algorithm
input parameters, and the verification of the results are problems in need of further studies. The presented user interface
provides a powerful tool for researchers and relevant institutes to easily and quickly monitor the locations and dimensions
of environment heat changes especially in urban areas.

Keywords: Remote sensing, Single Channel Algorithm, Radiative Transfer Equation, Split Window Algorithm, Mono
Window Algorithms.
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