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ABSTRACT 
 
Crop evapotranspiration (ET) is an important parameter for agricultural water management. This 
parameter can be estimated by multiplying of reference crop evapotranspiration (ETO) and crop 
coefficient. Usually ETO is calculated based on (daily) weather data at the weather stations. 
Considering the spatial variations of the weather parameters and subsequently of ET, application of 
the methods which can consider these variations are interested. Developed algorithms to estimate 
ET based on satellite images is one of those methods. The aim of the current study was to assess 
the accuracy of estimated ET based on SEBAL and SEBS algorithms using LANDSAT TM images 
in Mahidasht, Kermanshah province, Iran. For this purpose, the ET of maize was calculated using 
four images of LANDSAT during the maize growing season in year 2010. At the same time, the 
actual ET of maize was measured in a Lysimeter in the same region. Results indicating reasonable 
match between measured and calculated crop evapotranspiration by both algorithms. The 
maximum difference between the calculated evapotranspiration by SEBAL and SEBS algorithms 
with measured values by Lysimeter were about 9.79% and 4.56% of measured ET, respectively.  
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1. INTRODUCTION 
 
Evapotranspiration (ET) is a key parameter for 
water resource management especially in the 
arid and semi-arid regions where water is one of 
the main constraints for agricultural development. 
Weather parameters, crop characteristics, 
management and environmental aspects are 
factors affecting evaporation and transpiration 
[1]. The spatial variation of ET over a region is 
expected as affecting factors on ET have spatial 
variation. Application of conventional methods of 
ET measurement (Bowen ratio, Eddy covariance, 
Lysimeter) which are dependent of the field or 
landscape scales in large scales are costly and 
time consuming [2]. Therefore, considering the 
spatial variations of the weather parameters and 
subsequently of ET, application of the methods 
which can consider these variations are 
interested. Developed algorithms to estimate ET 
based on satellite images are among those 
methods. 
 
Currently, remote sensing techniques are used to 
acquire required parameters to estimate 
evapotranspiration on various spatial and 
temporal scales [3]. During the past three 
decades, significant progress has been made in 
estimating actual evapotranspiration using 
satellite images. According to Verstaeten et al. 
[4] remote sensing based assessment of 
evapotranspiration methods could be classified 
into four categories based on (i) the 
parameterization of the surface energy balance; 
(ii) the Penman-Monteith equation; (iii) the water 
balance approach, and (iv) relationships between 
vegetation indices and land surface temperature. 
Li et al. [5] had a review on the advantages and 
disadvantages of various remote sensing based 
ET models. They have concluded there is no 
model developed nowadays can be used 
everywhere in the world without modification or 
improvement to estimate the ET from satellite 
data because of great differences in the land 
surface characteristics, the climate and terrain. 
 
Surface Energy Balance Algorithm for Land 
(SEBAL) [6] and Surface Energy Balance 
System (SEBS) [7] are among surface energy 
balance methods which have been applied using 
different satellite images in the various parts of 
the world [8-10]. So far, various studies have 
been done to evaluate the performance of these 
algorithms and to estimate the actual 

evapotranspiration using these techniques in 
different parts of the world, which have led to 
different and sometimes conflicting results. 
Gibson et al. [11] reviewed the application of 
energy balance methods in South Africa and 
showed that SEBAL model is the most widely 
used method in that region, but highlighting the 
potentials of the SEBS model. Bastiaanssen et 
al. [12] using the field measurements of 
evapotranspiration in the large farms of China, 
India, Spain and Pakistan evaluated the 
accuracy of estimated ET by SEBAL algorithm. 
Their results showed that 85% of obtained data 
from SEBAL algorithm with no calibration 
matched the field data. Ramos et al. [13] applied 
the SEBAL algorithm to fifteen LANDAST images 
during the years 1997 – 2000 in the North East 
Spain. They have compared estimated ET by 
SEBAL and measured ET in two weighing 
Lysimetes. They have concluded that the SEBAL 
algorithm can provide accurate daily ET 
estimations for grass as reference crop, maize 
and wheat. Lin et al. [14] applied SEBS algorithm 
using MODIS / TERRA images for estimating 
surface fluxes in northeastern China. Their 
results showed that estimated evapotranspiration 
by SEBS algorithm has a good agreement with 
the Lysimetric data. Su et al. [15] conducted a 
study to assess evapotranspiration estimated by 
the SEBS algorithm with the values measured in 
the Soil Moisture–Atmosphere Coupling 
EXperiment (SMACEX) project. The results of 
that study showed that the difference between 
the estimated and measured values of 
evapotranspiration for soybean and maize was 
between 10 and 15 percent. Furthermore, the 
results of this analysis showed that the accuracy 
of estimating evapotranspiration for maize was 
better than that soybean. Shan [16] applied 
SEBS algorithm on MODIS images to estimate 
the spatial and temporal changes of actual 
evapotranspiration in a river basin. The results 
showed that evapotranspiration and NDVI 
(Normalized Difference Vegetation Index) are 
highly correlated  and are directly connected . 
Temsgen [17] by the use of MODIS images, 
meteorological data and SEBS algorithm, 
estimated the annual evapotranspiration in 2008 
for a basin in northwestern Ethiopia and 
compared the results with the conventional 
ground methods. Annual actual 
evapotranspiration calculated by SEBS was 1519 
mm while the calculated potential reference crop 
evapotranspiration (ETO) through Penman-



 
 
 
 

Farhadi Bansouleh et al.; IJPSS, 6(6): 350-358, 2015; Article no.IJPSS.2015.125 
 
 

 
352  
 

Monteith model [1] for the same year was 1498 
mm. In that study the temporal and spatial 
changes of ET in the basin were also assessed. 
The actual ET estimated by SEBS method during 
wet seasons was more than the ETO of the 
Penman-Monteith method and during drier 
periods was lower. Gebreyesus [18] estimated 
values of ET and soil moisture for Guarena 
watershed in Spain based on 13 MODIS images 
and using SEBS algorithm and compared the 
results with ground data of 23 soil moisture 
meters and 5 meteorological stations. Their 
results showed that SEBS can give a good 
estimation of soil moisture in farm scale and 
reliable estimation of actual evapotranspiration. 
 
Literature review showed that the most of the 
conducted studies on the SEBAL and SEBS 
algorithm were applied on satellite images with 
low spatial resolution. Considering the small size 
of the farms in Iran, estimation of ET using 
medium spatial resolution images such as 
LANDSAT could be an appropriate option. The 
aim of the present study was to evaluate the 
accuracy of the SEBAL and SEBS algorithms by 
the use of LANDSAT images in one of the semi-
arid regions of Iran.The study area is located in 
Mahidasht plain, Kermanshah province, Iran 
which has both mountainous and flat areas.  
 

2. MATERIALS AND METHODS 
 
The study was carried out in Mahidasht plain, 
Kermanshah province, Iran which has a semi-
arid climate with mean annual temperature and 
precipitation of 14.2ºC and 396 mm respectively. 
This area is located in the zone 38 N in UTM 
coordinate system. Ground water is the main 
source of water in this plain and all crops are 
irrigated during the summer.  
 
A Lysimetric study was carried out to obtain 
reliable amounts of evapotranspiration to assess 
the accuracy of calculated actual 
evapotranspiration by SEBAL and SEBS 
algorithms.However, in these type of studies it is 
recommended to use weighing Lysimeteres 
equipped with data logger but it was not available 
in the study area. In the absence of the weighing 
Lysimeters in this study drainable Lysimeter was 
used. Since the major crop in the study area was 
maize, 10 ha maize was planted on 15 May 2010 
at the research farm of Mahidasht agricultural 
research station (Fig. 1). At the same time maize 
was cultivated in a drainable Lysimeter (1 m* 1.5 
m* 1.5 m) which was located almost in the 

middle of the research farm. Fertilizers were 
applied based on the results of soil fertility 
analysis and the recommendations of local soil 
research institute. Fungicide, herbicide and 
pesticide were applied based on the 
recommendations of provincial agricultural 
organization experts. Maize actual ET was 
calculated in each irrigation interval (10 days) 
based on the water balance equation in the 
Lysimeter. There was no rainfall during the 
growing season, hence all the water requirement 
was applied thorough irrigation. 
 
In addition, actual evapotranspiration was 
calculated according to LANDSAT TM images 
using SEBAL and SEBS algorithms. These 
algorithms are based on energy balance 
equation (Eq. 1): 
 

LE =  ET = Rn – G - H (1) 
 
Where, LE,, ET, Rn, G and H are respectively 
latent heat flux (wm

-2
), latent heat of vaporization 

(J kg
-1

),  evapotranspiration (mm), net solar 
radiation (wm-2), soil heat flux (wm-2) and 
sensible heat flux (w.m

-2
). Although, both 

algorithms are trying to calculate components of 
energy balance equation (Rn, G, H and) in 
order to calculate ET but they are using different 
approaches. As these algorithms are 
documented  in a few publications [19,20], they 
are not explained in this paper anymore.  
Available LANDSAT TM satellite images during 
the growing season of maize in 2010 (25June, 
11July, 27 July and 12 August) were downloaded 
free of charge from the http://glovis.usgs.gov 
website (last access date: 13 March 2015). 
There are several open source and commercial 
software packages which can be used to apply 
SEBAL and SEBS algorithms. In the current 
study ILWIS package was used which is an 
open-source software and can be download free 
of charge from "http://52north.org/" website (last 
access date: 13 March 2015). All equations of 
SEBAL and SEBS algorithms are coded in this 
software by authors. The average of ET over the 
internal pixels in the maize farm was considered 
as the actual maize ET. 
 

In this study results of SEBAL and SEBS 
algorithms were evaluated by i) comparison of 
calculated actual ET at the maize farm based on 
SEBAL (ETSEBAL) and SEBS (ETSEBS) algorithms 
with measured ET in the Lysimeter (ETLysimeter) 
and ii) comparison of the maximum 
evapotranspiration estimated by SEBAL 
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(ETSEBAL,m) and SEBS (ETSEBS,m) algorithms in 
the plain with the calculated potential crop 
reference evapotranspiration using FAO-56 
Penman Monteith equation (ETO). ETO was 
calculated using Penman - Monteith formula [1] 
based on daily weather data obtained from 
Mahidasht weather station (Eq. 2). 

 

��� = 
 

�.��� ∆(����)� ��
���

�����
���(�����)

∆� �(���.����)
                                    (2)      

 

where, in this equation ETO, Rn, G, T, es, ea,� 
and � are potential crop reference 
evapotranspiration (mm day

-1
), net radiation at 

the crop surface (MJm-2day-1), soil heat flux (MJ 
m-2 day-1), air temperature at 2 m height (°C), 
wind speed at 2 m height (ms

-1
), saturation vapor 

pressure (kPa), actual vapor pressure (kPa), 
slope of vapor pressure (kPa°C

-1
) and 

psychometric constant (kPa°C-1) respectively.  

 

The absolute and relative differences between 
the calculated values of ET (ETSEBAL and ETSEBS) 
with measured ET (ET Lysimeter) was used to 
describe the accuracy of the calculated ET 
values. Relative percentage of differences was 
calculated using Eq. 3. 
 

Relative difference (%)

=  
(Calculated ET − Measured ET)

Measured ET
∗ 100 

     (3) 

 

3. RESULTS AND DISCUSSION 
 
Calculated actual evapotranspiration over the 
study area using SEBAL and SEBS algorithms 
are presented in Figs. 2 and 3 respectively. 
Results are indicating that evapotranspiration 
increases from June to August which is in 
agreement with increasing of air temperature and 
vegetation density in the irrigated fields of the 
study area. Maximum and average of calculated 
actual ET over the study area is presented in 
Table 1. Maximum actual ET over the study area 
has been occurred in the irrigated farms. It 
should be mentioned that maize is the major crop 
in the study area during the summer. The lowest 
values of ET are occurred on the mountainous 
area. 
 

Since there was no possibility for daily 
measurement of ET in the Lysimeter, therefore 
ET was calculated in each irrigation interval (10 
days) and then converted to daily ET by dividing 
on irrigation interval. Results of Lysimetric study 
indicated that daily actual ET of maize on 
25June, 11July, 27 July and 12 August was 4.13, 
7.74, 7.45 and 8.05 mmday

-1
 respectively. Daily

 
 
 
 
 
 

 

 
 

Fig. 1. Location of the research farm in Mahidasht plain (11 July 2010) 
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Table 1. Maximum and average of calculated actual ET over the study area based on SEBAL 
and SEBS algorithms (mmday

-1
) 

 
Algorithm 25June 11July 27 July 12 August 

Max Average Max Average Max Average Max Average 
SEBAL 6.26 2.85 9.01 4.20 8.24 3.92 8.32 3.97 
SEBS 6.32 2.99 9.02 5.17 8.30 4.78 8.53 4.86 

 

  

  
 

Fig. 2. Calculated actual evapotranspiration over the study area using SEBAL algorithm  
(mm day-1) 

 
estimated ET in the maize field by SEBAL and 
SEBS algorithms and measured ET in the 
Lysimeter are presented in Table 2. In all four 
dates calculated ET based on both algorithms 

(ETSEBS and ETSEBAL) was less than actual 
measured ET by Lysimeter (ETLysimeter) (Fig. 4). 
The maximum absolute difference between the 
ETSEBAL and ETSEBS with ETLysimeter has been 
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occurred on 27 July with the amounts of 0.73 and 
0.34 mm day

-1
respectively. These results are 

comparable with the results of Ramos et al. [13] 
whom they obtained mean absolute difference of 
0.6 mm day

-1
 between estimated corn 

evapotranspiration by SEBAL and Lysimetric 
data. Considering the maximum relative 
difference of 9.79% between calculated and 
measured ET it could be concluded that 
estimated ET by both algorithms are acceptable 
(Table 2). Results are also indicated that 
differences between calculated ET by SEBS 

algorithm in all imagery dates were less than 
SEBAL algorithm. The differences between 
ETLysimeter with ETSEBAL and ETSEBS could have 
various reasons. For example ETLysimeter is the 
average of ET over a decade while ETSEBAL and 
ETSEBS are for a specific date.  
 
In the absence of ground-based measurements 
of evapotranspiration at the regional level, 
maximum amount of evapotranspiration 
estimated by SEBAL and SEBS algorithm                 
was compared with ETO (Table 3).

 

  
 

Fig. 3. Calculated actual evapotranspiration over the study area using SEBS algorithm 
(mm day

-1
) 



 
 
 
 

Fig. 4. ETSEBAL, ET

Table 2. Comparison of measured and calculated ET on the
 

Date ET Lysimeter 
(mm day-1) 

ETSEBAL

(mm day

25-06-2010 4.13 3.97 
11-07-2010 7.74 7.20 
27-07-2010 7.45 6.72 
12-08-2010 8.05 7.35 

Table 3. Comparison of the maximum regional ET

Date ETO 

(mm day-1) 
ETEBAL

(mm day

25-06-2010 5.90 6.26 
11-07-2010 9.00 9.01 
27-07-2010 7.45 8.24 
12-08-2010 7.00 8.32 
 
The maximum difference between estimated ET 
by SEBAL and SEBS algorithms with ETO 
belongs to the date of 12.08.2010 with 18.86 and 
21.86 percent respectively. The results of this 
study are also in consistent with the results of 
Ramos et al [13] and Temsgen [17].
 

4. CONCLUSION 
 

Results of the current study showed that the 
SEBAL and SEBS algorithms can estimate the 
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, ETSEBS and ETLysimeterin the maize field (mm day-1) 

 
Table 2. Comparison of measured and calculated ET on the satellite image dates

SEBAL 
mm day-1) 

ETSEBS 

(mm day-1) 
Absolute difference 
(mm day-1) 

Relative 
difference (%)

SEBAL SEBS SEBAL
 4.05 0.16 0.08 3.87
 7.47 0.54 0.27 6.97
 7.11 0.73 0.34 9.79
 7.72 0.70 0.33 8.69

 
Table 3. Comparison of the maximum regional ETSEBAL and ETSEBS with ETO

 

EBAL 

mm day-1) 
ETSEBS 
(mm day-1) 

Absolute difference 
(mm day-1) 

Relative 
(%) 

SEBAL SEBS SEBAL

6.32 0.36 0.42 6.10 
9.02 0.01 0.02 0.11 
8.30 0.79 0.85 10.60 
8.53 1.32 1.53 18.86 

The maximum difference between estimated ET 
by SEBAL and SEBS algorithms with ETO 
belongs to the date of 12.08.2010 with 18.86 and 

respectively. The results of this 
study are also in consistent with the results of 

. 

Results of the current study showed that the 
SEBAL and SEBS algorithms can estimate the 

actual ET of maize with acceptable accuracy in 
the Mahidasht. In this study the accuracy of 
SEBS in the estimation of maize ET was better 
than SEBAL algorithm. It is recommended to do 
study on other remote sensing based 
approaches of ET and compare the results with 
SEBAL and SEBS models. In the absence of 
measured ET data at the regional level it was 
difficult to have a reasonable judgment on the 
accuracy of estimated values of ET by SEBAL 
and SEBS algorithms in this scale.

; Article no.IJPSS.2015.125 
 
 

 

satellite image dates 

Relative 
difference (%) 
SEBAL SEBS 
3.87 1.94 
6.97 3.49 
9.79 4.56 
8.69 4.10 

with ETO 

Relative difference 

SEBAL SEBS 

7.12 
0.22 

 11.41 
 21.86 

actual ET of maize with acceptable accuracy in 
the Mahidasht. In this study the accuracy of 
SEBS in the estimation of maize ET was better 

recommended to do 
study on other remote sensing based 
approaches of ET and compare the results with 
SEBAL and SEBS models. In the absence of 
measured ET data at the regional level it was 
difficult to have a reasonable judgment on the 

values of ET by SEBAL 
and SEBS algorithms in this scale. 
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