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Estimation and Calculation of Actual Evatranspiration Using SEBS
Energy Balance Model and Landsat 8 Satellite Imagery
(Case study: Bakhtegan-Maharlo Basin)

Keyvan Bolhasani!, Heidar Zarei2, Ayoub Taghizadeh?

Abstract

Using water resources require the determination of components of the hydrological cycle.
Understanding of natural systems and physical laws that manage each component of the hydrological
cycle is important for the water resources management. One of the crucial components of the
hydrological cycle is evapotranspiration. Most methods that have been presented in this study use
point measurements to estimate evapotranspiration. Due to dynamic and changing nature of regional
evapotranspiration is not generalizable to the basin, the applied methods are only suitable for the local
areas. Technology of satellite remote sensing and remote sensing-based methods can be used for the
temporal and spatial estimation of actual evapotranspiration in the small and large basins. Remote
sensing data derived from satellite imagery calculates the amount of actual evapotranspiration using
surface energy balances model. In this study, actual evapotranspiration at the Bakhtegan-Maharloo
basin were estimated and evaluated using Landsat 8 satellite images sensor OLI/TIRS and SEBS
energy balance models. The values of evapotranspiration derived from energy balance model and
FAO-Penman-Monteith method were compared. The results showed that the evapotranspiration values
obtained from the energy balance model has a root mean square error (RMSE) and mean absolute
difference (MAD) equal to 0.62 and 0.49 mm/d, respectively, indicating its acceptable performance
to estimate the evapotranspiration.

Keywords:Actual Evapotranspiration, Remote sensing, Energy balance model, Landsat,
Bakhtegan-Maharloo Basin.
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hydrological cycle. Understanding of natural systems and physical laws that
manage each component of the hydrological cycle is important for the water
resources management. One of the crucial components of the hydrological
cycle is evapotranspiration. Most methods that have been presented in this
study use point measurements to estimate evapotranspiration. Due to
dynamic and changing nature of regional evapotranspiration is not
generalizable to the basin, the applied methods are only suitable for the local
areas. Technology of satellite remote sensing and remote sensing-based
methods can be used for the temporal and spatial estimation of actual
evapotranspiration in the small and large basins. Remote sensing data
derived from satellite imagery calculates the amount of actual
evapotranspiration using surface energy balances model. In this study, actual
evapotranspiration at the Bakhtegan-Maharloo basin were estimated and
evaluated using Landsat 8 satellite images sensor OLI/TIRS and SEBS
energy balance models. The values of evapotranspiration derived from
energy balance model and FAO-Penman-Monteith method were compared.
The results showed that the evapotranspiration values obtained from the
energy balance model has a root mean square error (RMSE) and mean
absolute difference (MAD) equal to 0.62 and 0.49 mm/d, respectively,
indicating its acceptable performance to estimate the evapotranspiration.
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1.  Introduction

Evapotranspiration is one of the important factors in the hydrological cycle and is one of the
determinants of energy equations at the ground level and water balance. The increasing advancement
of remote sensing technology has made it possible to estimate actual evapotranspiration on a large scale.
In recent years, several algorithms have been proposed to estimate evapotranspiration using satellite
imagery. In this study, the Surface Energy Balance Algorithm (SEBS) in Bakhtegan-Maharloo basin
has been used. The SEBS algorithm uses satellite spectral observations and meteorological information
to estimate energy fluxes. This algorithm was developed by Su in 2002 which includes a series of tools
for determining the physical parameters of the earth's surface extracted from a satellite image (such as
albedo parameters, emissivity, surface temperature, vegetation index, etc.).

Therefore, the purpose of this study was to evaluate and estimate the actual evapotranspiration using
the less used SEBS model and Landsat 8 satellite images with appropriate spatial resolution and evaluate
it in large-scale basins and compare the results with the obtained values from experimental method of
FAO-Penman-Monteith 56.

2. Materials and Methods
Case study

Bakhtegan-Maharloo basin with an area of 31,492 square Kilometers is located in Fars province in
geographical coordinates from 51 degrees 42 minutes to 54 degrees 31 minutes east longitude and from
29 degrees to 31 degrees 14 minutes north latitude.

Data used

In order to measure daily evapotranspiration in the basin using FAO-Penman-Monteith method and
SEBS model, meteorological information is needed. Therefore, in this study, meteorological
information of 24 synoptic stations inside and outside (near the area) the study basin was used. The
measured meteorological information includes the parameters of average, maximum and minimum
temperature, maximum and average wind speed, sunny hours, dew point temperature, relative humidity
and vapor pressure. In this study, multi-spectral satellite images of OLI and TIRS sensors of Landsat-8
satellite, which include 9 and 2 spectral bands, were used.

Surface Energy Balancing System (SEBS) Model

SEBS is one of the single source energy balance models which is based on solving the surface energy
balance relationship that is expressed as Equation (1):

JET =R -G -H
1) "

Thus, Rn is net radiation flux, G is soil heat flux, H is sensible heat flux, and is latent heat flux (is equal
to latent heat of vaporization and ET is the amount of momentary evapotranspiration). The unit of all

-2
terms of the energy balance equation is W.m™

Thus, actual evapotranspiration, which is calculated instantaneously from satellite observations, is
converted to daily evapotranspiration using Equation (2) (Su, 2002).

@)
AR, -G

AET =8.64x10" x —"
Apy
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In this relation, Pw s water density (1000 kg.m-3), Rn is net radiation (W.m-2), G is soil heat flux

-1
(W.m-2), A is latent heat from evaporation (2.45MJkg ) and Ais evaporation fraction. Figure
1 shows the flowchart of SEB components and other intermediate parameters estimated by SEBS.
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Fig 1. Flowchart illustrating the computation of surface energy balance fluxes using SEBS algorithm.

3. Results

m
S

In order to evaluate the performance and compare the evapotranspiration values estimated from the
energy balance model in June, the evapotranspiration values measured by the standard FAO-Penman-
Monteith method were considered as the observational data and used.

Based on the results of statistical evaluations in estimating the actual transpiration evaporation, it is
observed that the difference between the values of SEBS and the FAO-Penman-Monteith method is
between 0.05 to 1 mm per day. The highest percentage of difference is related to Zarghan station, where
there is a 14% difference in value between the estimated and observed values. Also, in reviewing other
statistical criteria used, SEBS method and FAO-Penman-Monteith experimental method had the mean
absolute difference (MAD) equal to 0.49 and a root mean square error (RMSE) equal to 0.62 mm / day.

4.  Discussion and Conclusion
In the present study, due to the lack of ground measurements of evapotranspiration and the use of

evapotranspiration values obtained from the experimental method, as observational data, the results of
evaluation and analysis of actual evapotranspiration in Bakhtegan-Maharloo basin show estimate
reference evapotranspiration from climatic data using (FAO-Penman-Monteith) and estimate actual
evapotranspiration using satellite imagery and remote sensing model based on surface energy balance
system (SEBS) method has been satisfactory and reliable. Therefore according to the obtained results
in this study, which was carried out in large areas, including basins, shows that this model and method
can be used in basins and plains with smaller area as well as irrigation and drainage networks to be
efficient and useful.
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