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A simple method to estimate basin-scale actual evapotranspiration using
SEBS algorithm and global data sources (Case study: Neyshabur basin)

Maysam Majidi Khalilabad™, Parivash Paridad?, Kamran Davari?®, Alireza Farid*, Mohammadreza Azad®

Abstract

Actual evapotranspiration (ET) is one of the most important and complex components of the water
balance. In recent years, various remote sensing techniques and algorithms have been developed which
provide a cost- effective and reliable estimate of actual ET. In this research, the spatial distribution of
actual ET at the basin scale was estimated based on SEBS algorithm and world-known information data
sources which are rarely used in Iran. The estimated actual ET values were compared to the results of
well-known SEBAL algorithm and the SWAT hydrological model. The study shows that the SEBS
algorithm has overestimated actual ET in comparison with SEBAL algorithm. The primary cause of
differences between two models is in their algorithms for calculating sensible heat. Moreover, SEBS
algorithm is highly sensitive to the air temperature. SEBAL is a more complex and reliable method, but
it needs reliable ground-based weather data. On the other hand, SEBS does not depend on ground-based
data and its results could be acceptable under limited data condition.

Keywords: Actual Evapotranspiration, GLDAS, Water balance, Energy balance.
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A simple method to estimate basin-scale actual evapotranspiration using
SEBS algorithm and global data sources (Case study: Neyshabur basin)

Maysam Majidi Khalilabad™, Parivash Paridad?, Kamran Davari?®, Alireza Farid*, Mohammadreza Azad®

Introduction

It is possible to estimate actual evapotranspiration on large scale without the need to know the soil
conditions, crop types and farm managements, adopting remote sensing techniques and satellite data
(Bastiaanssen et al., 2005). Several algorithms based on energy balance and satellite data have been
developed to estimate the distribution of actual evapotranspiration. Meanwhile, the Surface Energy
Balance Model (SEBS) proposed by Su et al., 1999, based on experimental and physical relationships,
estimates the distributive values of actual evapotranspiration. This model includes a combination of
algorithms for determining parameters and variables such as albedo, diffusivity, surface temperature and
vegetation through radiation and reflectance data, an improved model of which was presented by Su et
al., 2002. This algorithm has been evaluated by Su et al., 2005 and Vinukollu et al., 2011. The advantage
of this algorithm is that it does not require much data about turbulent heat fluxes and also has the ability
to accurately calculate the roughness height without using specific values. In this research, an attempt
has been made to use the SEBS algorithm in the Neishabour study area as a case study to compare and
evaluate the results with the SEBAL algorithm as well as the results of the SWAT hydrological model.

Methodology

This research was conducted in Neishabour study area. The SEBS algorithm requires three groups of
datasets to calculate the evapotranspiration. The first dataset includes surface albedo, diffusivity, surface
temperature, vegetation fraction, leaf area index and vegetation height. The second dataset includes air
pressure, air temperature, humidity and wind speed at the base altitude, which is obtained from
meteorological stations. The third group of dataset includes input solar radiation and long wavelength
input radiation, which is obtained by direct measurement or parameterization. In this research, MODIS
images based on TERRA satellite (MOD 021 - Level-1B Calibrated Geolocation Data Set) and also
(MOD 03 - Level-1A Geolocation Data Set) have been used. In order to calculate the evapotranspiration
in the SEBS algorithm, meteorological data such as humidity, wind speed, air temperature and air
pressure are required. In this study, these data were extracted from various global sources such as
ECMWF (European Center for Medium-range Weather Forecasts) and NCEP (National Centers for
Environmental Predictions) as well as the Global Land Data Assimilation System (GLDAS).

The Surface Energy Balance System was developed from SEBI concept. It is a single source model
which consists of a set of tools for determining land surface parameters from remotely sensed data, a
dynamic model for the determination of the roughness length for heat transfer, calculation of evaporative
fraction based on energy balance at limiting meteorological conditions. In SEBS, ET is computed as the
residual component from the land surface energy balance:

R, =G+H+ET
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In the SEBS a dynamic model is used to determine thermal roughness. SEBS uses bulk atmospheric
similarity theory for planetary boundary layer scaling and the Monin-Obukhov similarity theory for
atmospheric surface layer scaling. These theories allow SEBS to be applied for estimation of ET in
different stable atmospheric regimes in both regional and local scales. To estimate evaporative fraction
both dry and wet limiting cases are required. Under the dry limiting conditions, due to low moisture rate
in soil, the latent heat is considered to be zero while the sensible heat flux is in the maximum value. In
the wet limit cases the evaporation rate in its maximum value because the evaporation is only limited
by the available energy under the land surface and atmospheric conditions. Accordingly, the sensible
heat flux is in the Minimum value. Then evaporative fraction can be calculated as following:

A, =1- A e

Hgy —H
Finally, the daily actual ET can be formulated as:
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where pw is the density of water (kg/m3), © is the daily evaporative fraction (mm/d).

Discussion and Conclusion

Using remotely sensed derived parameters of the earth’s surface and meteorological data in the SEBS
algorithm we could estimate the daily evapotranspiration within the study region. Daily actual
evapotranspiration maps estimated by SEBS method at the basin scale showed the actual
evapotranspiration behavior at different times.

Eventually, the results of SEBS and SEBAL algorithms and SWAT model were compared in basin scale
and with monthly time period.In general, the actual evapotranspiration estimated by the SEBS algorithm
is higher than that of the SEBAL and the SWAT model. In the cold seasons of the year, the values
obtained from the SEBS algorithm are approximately between the values of the SEBAL algorithm and
the SWAT model and in the warm season, the values obtained from the SEBS algorithm are higher than
both the SEBAL and SWAT methods.

Considering that evapotranspiration has been more than the annual rainfall, it could be concluded that
the necessary water in excess of rainfall for the basin has been supplied through groundwater, which is
obvious lead to groundwater decline. Neishabour plain has been experiencing an average of more than
0.2 meters drop in water level every year since 1992 (Farrokhzadeh et al., 2005). This approach can
pave the way for the development of the application of remote sensing techniques in the conceptual
understanding of basins in the form of distribution and balance analysis.

The most important references

Allen, R., Bastiaanssen, W., Tasumi, M., Trezza, R., Waters, R. 2002. SEBAL, Surface energy balance
algorithms for land, Idaho Implementation. Advanced Training and User’s manual. Version 1.0. Idaho
Department of Water Resources.

Majidi M, Alizadeh A, Farid A, Vazifedoust M. 2015. Analysis of the effect of missing weather data in
estimating daily reference evapotranspiration under different climatic conditions. Water Resour
Manage, 29:2107—2124

Sobrino, J.A., Kharraz, J.E., Li, Z. L., 2003. Surface temperature and water vapour retrieval from
MODIS data. Journal of Remote Sensing, 24: 5161-5182.

Su, Z., 2002. The Surface Energy Balance System (SEBS) for estimation of turbulent heat fluxes.
Journal of Hydrology and Earth System Sciences, 6 (1): 85-99.

Su, Z., 2005. Estimation of the surface energy balance. Wiley & Sons, Vol. 2: 731-752.

Su, Z., Schmugge, T., Kustas, W.P., Massman, W.J. 2001. An evaluation of two models for estimation
of roughness height for heat transfer between the land surface and atmosphere. Journal of Applied
Meteorology, 40 (11), 1933-1951.



