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Evapotranspiration is one of the most important elements of the
hydrological cycle. Estimation of evapotranspiration is imperative for
effective forest, irrigation, rangeland and water resources management as
well as to increase yields and for better crop management. The aim of this
study is to calibrate the SEBAL algorithm in estimating evapotranspiration
in the Sohrin-Qaracheryan plain, which is affected by flood spreading. In
this study, Landsat 8 satellite images were used in 2020-2021 to obtain the
coefficients of the relevant bands. Then, the net radiation flux on the earth’s
surface and the earth’s heat flux is obtained using incoming-outgoing
radiation fluxes from albedo, surface emissivity, land surface temperature,
and plant indicators. Next, the sensible heat flux is calculated by
determining the hot and cold pixels. Finally, evapotranspiration maps are
plotted. Based on the results of this research evapotranspiration obtained
from soil water balance model and SEBAL algorithm were estimated as
24115 and 19642 m?, respectively. Also, the calibration of the results
obtained from the SEBAL algorithm with reference evapotranspiration was
done using R? and RMSE statistical indices, and were calculated the values
of these two indices as 0.64 and 2.15, respectively.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).

Introduction

water losses that include evaporation directly
from the soil and transpiration from the plants. It

Evapotranspiration (ET) is one of the most
important factors in the hydrological cycle and is
a key determinant of energy equations on the
earth’s surface. Evapotranspiration is a
combination of two processes responsible for
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is difficult to consider these two processes
separately  since  they  occur  almost
simultaneously at varied rates with high spatial
variability. As a result, evapotranspiration
estimates are important for hydrology, irrigation,
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forest and rangeland, and water resources
management. The evapotranspiration drives the
soil water-energy balance which is largely used
in general circulation models and climate
modelling. Consequently, river water flow
forecasting, crop yield forecasting, irrigation
management systems, river/lake water quality are
all dependent on evapotranspiration levels. For
this reason, it is essential to accurately estimate
the water budget. Better and accurate
evapotranspiration estimates would allow for
eff ective irrigation planning and optimal water
usage for other agricultural purposes. Numerous

models have been developed to estimate
evapotranspiration  using remote  sensing
methods. Out of all the proposed models for
estimating evapotranspiration, the Surface

Energy Balance Algorithm for Land (SEBAL)
algorithm has proven to be the most widely used
amongst researchers in over 30 countries. This

| Remote Sensing data I

model was developed by Bastiaanssen and then
improved by Allen. The SEBAL model has
proven to estimate evapotranspiration with better
accuracy. Its registered accuracies of 85% at a
farm-scale while more than 95% accuracy has
been recorded on a regional scale. The review of
recent research shows that remote sensing and
the use of satellite images have a high ability to
estimate the amount of actual evapotranspiration.
This method has been used by many researchers
around the world to estimate evaporation and
transpiration. On the other hand, estimating the
actual evapotranspiration is of great importance
in the plains affected by the flood, especially the
flood on the Sohrin-Qaracherian plain aquifer.
Therefore, this research was conducted with the
aim of estimating evapotranspiration using the
Sebal algorithm in the Sohrin-Qaracherian Plain,
for the optimal management of water resources
in the region and regions with similar conditions.
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Fig. 1 Flowchart illustrating the SEBAL algorithm

Material and Methods
This research was carried out at Qaracherian
research station, located 30 km northwest of
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Zanjan city. About 215 ha of the station has been
used for flood spreading and feeding the Sohrin-
Qaracherian plain aquifer. In this research, were
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Calibration of SEBAL Algorithm in Determining Evapotranspiration

used of the daily and hourly meteorological data
of Zanjan Airport synoptic station from 2020 to
2021. These the data included minimum and
maximum temperature, minimum and maximum
humidity, average wind speed, sunshine hours
and pressure. The SEBAL algorithm was used to
estimate the evapotranspiration in the Sohrin
Qaracherian plain, which is affected by the flood
spread on the Qaracherian aquifer. Using this
algorithm, were calculated the evapotranspiration
values during the satellite transmission time for
each pixel. To check the application of SEBAL
algorithm, were downloaded Landsat 8 images
for 2020-2021 year and were done necessary
corrections and preprocessing on them. These
Landsat 8 satellite images are acquired by the
Operational Terrain Imager (OLI) and Thermal
Infrared Sensor (TIRS) on the satellites and are
widely used for water resources applications.
Landsat images are at 16-day intervals with a
spatial resolution of 30 m and were obtained
from the United States Geological Survey
website (http://glovis.usgs.gov). After processing
the images, the net radiation flux on the earth’s
surface and the earth’s heat flux is obtained using
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incoming-outgoing radiation fluxes from albedo,
surface emissivity, land surface temperature, and
plant indicators. Next, the sensible heat flux is
calculated by determining the hot and cold
pixels. Finally, evapotranspiration maps are
plotted. The flowchart of the SEBAL algorithm
is illustrated in Fig. 1.

Results

After radiometric and atmospheric correction of
the images by using ENVI software, were
obtained index values including Albedo, NDVI,
vegetation percentage, LAIL plant height, LSE,
and LST for each image and then were extracted
their maps. In addition, for a better comparison
of the results, were prepared and compared of the
layers related to vegetation index, soil heat flux
and land surface temperature in the different
stages of the growth period. After extracting
these indices, evapotranspiration map was
extracted using Envi software. Fig. 2 shows the
daily evapotranspiration changes, which clearly
shows that at the initial of the growing season,
when are low vegetation cover and NDV], is also
low of ET2a.

ETa 20210319
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1.5-2.5
B 2535
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Fig. 2 Evapotranspiration map resulting from SEBAL algorithm in the different stages of the growth period:
Initial (A), middle (B) and late (C)
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On the other hand, with the increase in
vegetation density, increases daily
evapotranspiration. As it can be clearly seen in
Fig. 2, at the initial of the growth period (fig2-
A), the range of evapotranspiration is estimated
between 0.08 and 5.3 mm/d, while this value in
the middle and late of the growing season (fig5-
B and C) is estimated in the range of 0.12 to 6.63
and 0.1 to 124 mm/d respectively. In other
words, in the middle of the growth period,
because is low the percentage of vegetation on
the soil surface, is low evapotranspiration.
However, as the late of the growth period
approaches and vegetation increases, increases
the amount of evapotranspiration. The results
validity of the SEBAL algorithm was
investigated in comparison with the actual
evapotranspiration values of the soil water
balance. Based on the results of this research, the
evapotranspiration obtained from soil water
balance model and SEBAL algorithm was
estimated at 24115 and 19642 m’/year,
respectively. Also, recalibration of the results
obtained from the SEBAL algorithm with
reference evapotranspiration (Fao Penman-
Mantith) was done using R?> and RMSE statistical
indices, that the values of these indices were
calculated as 0.64 and 2.15, respectively.
Therefore, these results show that SEBAL
algorithm is accurate enough to estimate
evapotranspiration in the study area.

Conclusions

Based on the research results, in the middle of
the growth period, is less the amount of
evaporation and transpiration, because is also
low the percentage of vegetation on the soil
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surface at this time. This is while approaching
the late of the growth period and increasing
vegetation, increases the rate of
evapotranspiration. To validate the results of the
SEBAL algorithm, these results were compared
with the results of the soil water balance model
that was obtained the error coefficient equal to
22%. This error percentage shows that SEBAL
algorithm is accurate enough to estimate
evapotranspiration in the study area. In addition,
the validation results of the model showed that
the SEBAL algorithm with acceptable accuracy
can be correctly used to estimate the actual
evapotranspiration in the study area and other
areas with similar conditions.
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