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Abstract

Optimizing irrigation in agriculture can be considered one of the most important tasks in research related to the
agricultural sector because about 70 percent of the world's water consumption is consumed in this sector. Considering
that almost the main factor of water wastage in this sector is equal to the rate of evapotranspiration, therefore, knowing
this variable and its accurate estimation helps a lot to the primary goal, irrigation optimization. In this research, the
use of two algorithms based on remote sensing data to estimate actual daily evapotranspiration at farm scale was
investigated and evaluated. The actual evapotranspiration values were estimated using two remote sensing approaches,
Surface Energy Balance Algorithm for Land (SEBAL) and Two Source Energy Balance (TSEB), and data extracted
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from Landsat 7 and 8 satellite images. To validate remote sensing methods, FAO-56 single and dual crop coefficient
methods were used as reference values of actual evapotranspiration. Comparing the output of remote sensing methods
with FAO-56 methods showed that both remote sensing methods have reliable output. The average error of the
estimations was obtained based on two common statistical indicators, Root Mean Square Error (RMSE) and Mean
Absolute Error (MAE) on the daily scale, 1.54 and 1.11 mm, respectively, for SEBAL and TSEB algorithms. Also,
the bias index showed that the SEBAL algorithm has an underestimation (-0.69) and the TSEB algorithm has an
overestimation (+1.24) in the estimation of actual evapotranspiration. The results obtained from the statistical analysis
in this research show the higher accuracy of the TSEB algorithm in estimating the actual evapotranspiration of maize
at the field scale.

Keywords: Actual Evapotranspiration, Remote Sensing, SEBAL Algorithm, TSEB Algorithm
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Comparison of two single-source and two-source remote sensing based
methods for estimating actual daily evapotranspiration of maize using
Landsat images at field scale

Abstract

Statement of the Problem: Optimizing irrigation in agriculture can be considered one of the most important tasks in
research related to the agricultural sector because about 70 percent of the world's water consumption is consumed in
this sector. Considering that almost the main factor of water wastage in this sector is equal to the rate of
evapotranspiration, therefore, knowing this variable and its accurate estimation helps a lot to the primary goal,
irrigation optimization.

Purpose: What can be seen from the research conducted inside and outside the country of Iran so far is to find a
method that can measure the evapotranspiration variable spatially and with high accuracy in a short time, without the
need for a lot of ground-measured data and at a low cost. In general, evapotranspiration estimation methods can be
classified into three categories: 1) direct field measurement using measurement tools such as lysimeters and energy
flux measurement towers, 2) computational methods based on meteorological data, and 3) methods based on remote
sensing data. The first two categories have almost lost their functionality due to being spot-on and requiring a lot of
time and money, and modern remote sensing methods have found a lot of use because they can do this at a low cost
and spatially. Physically based remote sensing methods of evapotranspiration estimation are generally divided into
single-source and dual-source categories. In single-source methods, the components of soil and vegetation are
combined and considered as a single source, while natural conditions are not like this and the heterogeneous surface
of'the earth is made of a combination of soil and vegetation and has different temperatures and aerodynamic resistances
in connection with energy exchange. But two-source methods analyze the parameters of soil and vegetation separately,
so that in all stages of simulation, they use several separate acrodynamic resistances for soil and vegetation, as well
as separate temperature of soil and vegetation. In this research, two single-source and two-source algorithms based on
remote sensing data were investigated and evaluated to estimate actual daily evapotranspiration at the farm scale.

Methodology: In this research actual evapotranspiration values estimated using two remote sensing based algorithms,
Surface Energy Balance Algorithm for Land (SEBAL) and Two Source Energy Balance (TSEB) with the latest



changes made on these algorithms by researchers. Input data extracted from Landsat 7 and 8 satellite images on the
field scale for summer corn located in the agricultural research farm of Ferdowsi University of Mashhad with a
cultivated area of 15.5 hectares has been used. Both algorithms selected in this research are physically based and based
on the solar energy balance equation on the earth's surface. The SEBAL algorithm was developed by Bastiaanssen in
1998 and the TSEB algorithm was developed by Norman in 1995. For these two algorithms, the images of any sensor
that has a visible wavelength, near infrared and thermal infrared range of the electromagnetic band can be used. Seven
satellite images in the planting to harvest period (August to September 2021) without cloud cover were selected for
remote sensing algorithms. The spatial resolution of Landsat satellite is 30 meters and its temporal resolution is 16
days, which in this research was reduced to 8 days by using two Landsat 7 and 8 satellites simultaneously. To validate
the estimates of two remote sensing methods, two single-Kc and dual-Kc methods of FAO-56 were used as reference
values of actual evapotranspiration. The common statistical indices, Root Mean Square Error (RMSE), Mean Absolute
Error (MAE) and Bias index were used for the statistical analysis of the output of remote sensing algorithms. The
meteorological information needed in this research (air temperature, relative humidity, wind speed, solar radiation and
dew point temperature) was obtained in 10-minute and daily time scales from the automatic meteorological station
located in the research farm of Ferdowsi University of Mashhad.

Results and discussion: Reference Evapotranspiration (ETr) was estimated using the meteorological data of the
automated station located 750 meters away from the studied farm and the FAO Penman-Monteith method, and then
actual evapotranspiration using the crop coefficient (Kc) provided in the FAO-56 publication and modifying it for the
region's climate, was estimated. The FAO-56 dual-Kc method is more complicated and has more mathematical
calculations than the single method. Since dual-Kc method requires the calculation of the daily water balance for the
surface layer of the soil, the volume of irrigation water on irrigation days was measured using a meter and water
balance was obtained using the relations provided in FAO-56 publication, and finally the evapotranspiration values
was estimated. To implement remote sensing algorithms, satellite images were first downloaded from the US
Geological Survey website, and atmospheric and radiometric corrections were made on the images to minimize
processing errors. In the following, each of the necessary parameters for the implementation of the algorithms was
extracted and finally the latent heat flux, which is equal to the amount of energy consumed for evapotranspiration,
was obtained. Comparing the output of remote sensing methods with FAO-56 methods showed that both remote
sensing methods have reliable outputs. The average value of the estimation error was obtained based on two statistical
indicators, RMSE and MAE on a daily scale, 1.54 and 1.11 mm, respectively, for SEBAL and TSEB algorithms
compared to the reference methods. Also, the Bias index showed that the SEBAL algorithm has an underestimation
(-0.69) and the TSEB algorithm has an overestimation (+1.24) to estimate the actual evapotranspiration.

Conclusion: The results of the statistical analysis showed that SEBAL algorithm has a lower relative error between
the SEBAL and TSEB algorithms compared to the FAO-56 single-Kc method. But compared to the dual-Kc method
of FAO-56, the TSEB algorithm showed higher accuracy. Also, the Bias index compared to both single-Kc and dual-
Kc methods of FAO-56 showed that the SEBAL algorithm has underestimation and the TSEB algorithm has
overestimation. In general, the total error value in the range of 8 to 19 percent on a daily scale indicates the acceptable
accuracy of the remote sensing methods in this research, and among the two evaluated methods, the TSEB algorithm
with a lower percentage of error has a higher accuracy.

Keywords: Actual Evapotranspiration, Remote Sensing, SEBAL Algorithm, TSEB Algorithm



