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Abstract 
Evapotranspiration is one the most important parameters in the hydrological 
cycle and plays a significant role in energy balance of the earth’s surface. Tra-
ditional field-based measurements approaches for calculation of daily evapo-
transpiration are valid only for local scales. Using advanced remote sensing 
technology, the spatial distribution of evapotranspiration may now be quanti-
fied more accurately. At the present study, daily evapotranspiration is esti-
mated using Landsat 8 datasets based on the Surface Energy Balance System 
(SEBS) algorithm over the Zayanderud Dam area in central Iran. For this 
purpose, three Landsat 8 datasets in the years 2013, 2014 and 2015 covering 
the study area were atmospherically corrected using the FLAASH approach. 
The biophysical parameters of the earth’s surface for SEBS algorithm, such as 
normalized difference vegetation index (NDVI), Leaf area index (LAI), frac-
tional vegetation cover (FC) were extracted from the visible and near infrared 
bands and land surface temperature was computed from thermal bands the 
Landsat 8 datasets. The spatial distribution of daily ET was provided sepa-
rately for each year. In addition to the SEBS algorithm, the Penman-Monteith 
method was applied to estimate the daily ET from meteorological datasets 
which was obtained from two synoptic stations within the study area. Finally, 
the simulated daily ET values from both SEBS and Penman-Monteith method 
were compared to observed values obtained from a lysimeter within the study 
area. Although the estimated results from both SEBS and Penman-Monteith 
show a strong correlation with the observed values, the derived ET maps and 
following analysis demonstrated SEBS has higher accuracy and strength in es-
timation of daily ET in Zayanderud Dam region. 
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Regions 

 

1. Introduction 

Evapotranspiration (ET) term is used to describe the movement of water from 
the Earth’s surface to the atmosphere by the combined processes of evaporation 
and transpiration. Evapotranspiration (ET) is an important variable in hydro-
logical cycle and one of the key factors for water resources management in arid 
and semi-arid countries like Iran where water deficiency is becoming a serious 
challenge on sustainable development and welfare. Moreover, the annual ET rate 
in Iran has been increased during past decades [1] which can be contributed to 
water scarcity problems. Reliable estimation of daily evapotranspiration is essen-
tial for improving the efficiency of the water supply systems [2]. 

In general, there are four different methods for estimating ET: hydrological 
methods (water balance), direct measurement using instruments such as lysime-
ters, micro-meteorological techniques (energy balance), and empirical or com-
bination methods [3]. 

Accurate estimation of spatially averaged ET is a challenging task. Traditional 
field-based ET measurement approaches are limited to specific areas [4]. Daily 
evapotranspiration varies spatially and temporally according to the meteorolog-
ical conditions [5]. Traditional field-based ET measurement techniques cannot 
be extended to large areas due to natural heterogeneity of the earth’s surface and 
complexity of hydrologic processes and because of the need for measurements of 
many land surface parameters [6]. 

In recent decades, advancement in satellite technology has led to widespread 
application in remote sensing-based ET measurements. Remote sensing tech-
nology can provide cost-effectively frequent data on a relatively large scale that 
allow scientists and practitioners to monitor specific water resources in long 
terms basis [7]. Remote sensing datasets can provide land surface parameters 
which are crucial for estimation of ET such as albedo, surface temperature and 
vegetation indices. Several remote sensing-based ET measurements with differ-
ent complexity have been implemented to map turbulent heat fluxes at various 
local and regional scales. In general, inputs to remote sensing-based ET models 
include surface temperature estimated from thermal bands of satellite datasets, 
albedo and vegetation indices retrieved from visible and near infrared spectral 
bands and meteorological data sets. 

The Landsat-8 was developed through an interagency partnership between the 
National Aeronautics and Space Administration (NASA) and the Department of 
the Interior U.S. Geological Survey (USGS). This new Landsat observatory 
launched on 11 February 2013 carrying two sensors, the Operational Land Im-
ager (OLI) and the Thermal Infrared Sensor (TIRS) [8]. The advantage of using 
Landsat-8 dataset for estimation of ET rests upon its high resolution of the visi-
ble and near infrared bands at 30 m spatial resolution and the thermal and at 100 
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m spatial resolution. 
Several methods for estimation of ET based on remote sensing techniques 

have shown reliable results over uniform hydro-climatic regions. These methods 
include the Surface Energy Balance Index (SEBI) [9], Two Source Model (TSM) 
[10], the Surface Energy Balance Algorithm for Land (SEBAL) [11], Simplified 
Surface Energy Balance Index (SSEBI) [12], The Surface Energy Balance System 
(SEBS) [13], ET Mapping Algorithm(ETMA) [14], Mapping evapotranspiration 
at high Resolution with Internalized Calibration (METRIC) which is a variant of 
SEBAL [15], and the simplified Surface Energy Balance (SSEB) [16]. 

One of the most appropriate algorithms recently used for remote sensing 
based estimation of daily evapotranspiration is the Surface Energy Balance Sys-
tem (SEBS) developed by Su [17]. The SEBS model showed a strong reasonabili-
ty in several studies in various climatic and geographic conditions [18] [19] [20]. 
These input parameters in the SEBS model for reliable estimation of daily eva-
potranspiration are more suitable than other relevant models [15] [21]. 

The aim of this study is: First, estimation of SEBS based on Landsat 8 dataset 
for estimation of evapotranspiration in the study area; Second, estimation of ET 
using Penman-Monteith method and finally comparing results with observed 
values obtained from a lysimeter in the study area to evaluate the foregoing me-
thods. 

In this study, daily evapotranspiration over the Zayanderud Dam area in Isfa-
han province of Iran was estimated using the SEBS model. SEBS takes into ac-
count various physical and biological parameters of the land surface including 
Fractional Vegetation Cover (FC) (The fractional vegetation cover defines the 
partition between vegetated and non vegetated surfaces. In the SEBS algorithm, 
this parameter is used to determine other biogeophysical parameters such as 
Leaf Area Index (LAI), the excessive resistance term (kB-1), ground heat flux 
and surface temperature [13]), Leaf area index (LAI), The normalized difference 
vegetation index (NDVI), that were derived from multispectral bands Landsat 8 
OLI image in this study. Thermal parameters of the Earth's surface were re-
trieved from Thermal bands of Landsat 8 satellite dataset. 

Meteorological data obtained from two Synoptic weather stations (Chadegan 
and Daran) within the study area were used to measure reference crop evapo-
transpiration. Several models for estimation of ET based on meteorological data 
have been developed in various climatic and geographic conditions. Among 
those models, the Penman-Monteith FAO 56 (PMF-56) was introduced as a 
standard model to measure the reference crop evapotranspiration [22]. The ET 
values estimated by SEBS model showed strong correlation with the ET values 
based on Penman-Monteith equation. In order to validate the ET estimated by 
SEBS and Penman-Monteith method, results were compared with the observed 
values obtained from a lysimeter in the study area. The results are reliable for 
water supply managers to evaluate the current ET related to each land use and 
their influence to the water balance under probable changes within the Zayan-
derud Dam area. 
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2. Materials and Methods  
2.1. Study Area 

The study was carried out in Zayanderud Dam area in Isfahan province of Iran 
and it extended from 50.35E to 50.45E and 32.42N to 32.45N (Figure 1). Mean 
annual rainfall in the study area is 324 mm and the average annual minimum 
and maximum temperature are 1 and 28˚C respectively. In general, bare soils are 
the most dominant land use. The elevation of the study area is varying from 
1943 to 2346 meters. Water body including the reservoir behind the dam is 
second largest land cover types in the study area (Figure 2). Zayanderud Dam 
on the Zayanderud River is one of the most important water reservoirs in central 
 

 
Figure 1. Study area. 
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Figure 2. Landuse and land cover of the study area. 

 
Iran and plays a vital rule in water supply management in this water scarce area. 
The Zayanderud River has provided the needs of water for important economic 
activities including agricultural, industrial and domestic consumptions. Several 
water projects have been constructed, or are under construction over the 
Zayanderud River. The Zayanderud Dam is the main water reservoir with 1450 
MCM capacity and has been exploited since 1971. After the construction of the 
Zayanderud Dam, 90,000 hectares were added to the traditional agricultural ac-
tivities. Presently, the surface water and groundwater dependent, is about 
297,000 hectares [23]. The Zayanderud River has been confronting overuse and 
drought during past years due to huge industrial activities, traditional agricul-
ture and population growth.  

2.2. Landsat 8 Dataset 

In this study, the Landsat 8 images are the main data to estimate daily evapo-
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transpiration and the evaporation fraction based on SEBS algorithm. We used 
three Landsat 8 datasets covering the study area from three different dates 
(14/07/2013, 17/07/2014, and 4/07/2015). The images were preprocessed by at-
mospheric corrections based on FLAASH model [24]. Thermal Infrared Sensor 
(TIRS) in Landsat 8 dataset consists of the band number 10 and 11 were used to 
retrieve the land surface temperature (LST). LST is one of the most important 
factors affecting the accuracy of the ET measurement. LST indicates the amount 
of energy and water may be available over the land surface .For calculation of 
LST, the spectral radiance values of pixels were converted into the at-sensor 
brightness temperatures using prelaunch calibration constants. Surface temper-
ature (LST) was calculated using surface thermal emissivity and corrected for 
atmospheric absorption and re-emission values. The LST values were computed 
using a following formula [24]: 

2LST
* 1ln 1

K
K

P
ε

=
 + 
 

 

where, K1 and K2 are prelaunch calibration constants; ε  is the narrowband 
emissivity extracted from a modification of the NDVI thresholds method [25]; 
and P is the corrected thermal radiance derived using an algorithm given by [26] 
Emissivity values were calculated using the NDVI-based algorithm [25] The 
Normalized Difference Vegetation Index (NDVI) was computed from red and 
near-infrared bands. 

Albedo was derived from atmospherically corrected surface reflectance obser-
vations collected by the first seven bands of the Landast 8 datasets in the Visible 
and Near-infrared (VNIR) spectrum [27]. 

( )0Albedo 0.356* 1 0.13* 3 0.373* 4 0.085* 5 0.072* 7 0.0018R B B B B B= + + + + −

The Leaf Area Index (LAI) computed for the study area using following formula 
developed by Choudhury [28]: 

( )log 1
LAI cf−

=
−Λ

 

where, cf  is The Fraction of Vegetation Cove computed with a formula [28] 
and Λ is the leaf angle distribution (0.5 in this study).  

2.3. Surface Energy Balance System 

The Surface Energy Balance System was developed from SEBI concept [13] 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 ba- 
sed on energy balance at limiting meteorological conditions [17] [21]. In SEBS, 
ET is computed as the residual component from the land surface EB. 

0nR G H Eλ= + +                        (1) 

in which nR  is the net flux, 0G  represents the soil heat, H is the sensible 
heat flux, λ . E  is the turbulent latent heat flux, λ  is the latent heat of vapo-
rization, and E is the actual evaporation measured (The unit for all terms is watt 
per square meter). 
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In the surface Energy Balance System a dynamic model is used to determine 
thermal roughness [21]. SEBS uses bulk atmospheric similarity theory for plane-
tary boundary layer (PBL) scaling [29], and the Monin-Obukhov similarity 
theory [30] 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 
heats ( dryEλ ) is considered to be zero while the sensible heat flux is in the max-
imum value [5]. 

dry 0 dry 0nE R G Hλ = − − ≡                   (2) 

dry 0nH R G= −                       (3) 

In the wet limit cases the evaporation rate in its maximum value ( wetEλ ) be-
cause the evaporation is only limited by the available energy under the land sur-
face and atmospheric conditions. Accordingly, the sensible heat flux ( )wetH  is 
in the Minimum value. 

wet 0 wet wet 0 wetn nE R G H orH R G Eλ λ= − − = − −           (4) 

Then evaporative fraction can be calculated as following: 

wet wet

wet wet dry wet

Λ 1 1r
E E H HE

E E H H
λ λλ

λ λ
− −

= = − = −
−

          (5) 

in which H is the actual sensible heat flux based on bulk atmospheric similar-
ity approach. In SEBS algorithm H is limited by the dryH  and wetH  limiting 
conditions.  

Finally, the daily actual ET can be formulated as Eq. 6 

7 24 0AET 8.64*10 * * n

w

R G
λρ
−

= Λ                  (6) 

where ρw is the density of water (kg/m3), 24Λ  is the daily evaporative fraction in 
millimeters per day.  

2.4. Meteorological Data 

Meteorological data in this study were used to determine the Planetary Boun-
dary Layers [5]. Two different synoptic weather stations located in the study area 
(Chadegan and Daran) were used to obtain the meteorological data including 
mean temperature, wind speed, surface pressure, humidity, solar radiation, sur-
face pressure. The data were collected during 2013 to 2015 (Table 1). 

2.5. Penman-Monteith Method 

The Penman-Monteith equation was applied to derive actual evapotranspiration 
using the meteorological dataset within the study area [22]: 

( ) ( )
( )

0 2

0
2

9000.408
273.15

1 0.34

n a sR G U e e
TET

U

γ

γ

∆ − + −
+=

∆ + +
              (7) 

where ETo is the reference evapotranspiration [mm/day], nR  is net radiation at 
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crop surface (MJ/m2·day), G is the soil heat flux density (MJ/m2·day), T is mean 
daily air temperature (˚C), u2 is the wind speed (m/s), se  saturation vapor 
pressure (kPa), ae  is the actual vapor pressure (kPa), ∆  is slope vapor pres-
sure curve (kPa/˚C), γ  psychrometric constant (kPa/˚C). 

3. Results 

The main purpose of this study was estimation of daily evapotranspiration using 
SEBS algorithm in the Zayanderud Dam in Isfahan province of Iran. Land sur-
face parameters were extracted from three Landsat 8 images covering the study 
area. Meteorological parameters obtained from two weather stations. Sensible 
heat flux and latent heat flux at the wet limit were computed using SEBS algo-
rithm. Then, net flux and daily evapotranspiration were calculated. In the next 
step, the Penman-Monteith Equation (Eq. 7) was applied to calculate the actual 
daily evapotranspiration (Table 2). Finally, results compared with a ground 
truth data obtained from a lysimeter within the study area (Figures 3(a)-(c)). 
While estimated evapotranspiration values using both SEBS and Penman-Mon- 
teith showed very close results, the SEBS estimated ET values demonstrated 
higher correlation with the observed values (Table 3). 

Results showed that spatial distribution of evapotranspiration over the study 
area is varying due to changes in landuse and landcover, physical characteristics 
of soil and atmospheric parameters. Using remote sensing techniques we could 
evaluate the spatial distribution of evapotranspiration over the study area. In this  

 
Table 1. Meteorological data from daran and Chadegan station. 

Date Time ρ  ∆  P  se  ae  K ↓  RH U T 

14/07/2013 7:10 1.12 0.197 101.272 3.32 1.145 752 34.5 3.6 25.8 

17/07/2014 7:08 1.13 0.197 101.272 3.32 0.846 753 25.5 1.5 25.8 

04/07/2015 7:08 1.11 0.197 101.272 3.32 0.697 753 21 2.4 25.8 

(ρ is density of air (kg/rm3), Δ is slope vapor pressure curve (kPa/˚C), P is atmospheric pressure (kPa), es is 
saturation vapor pressure (kPa), ea is the actual vapor pressure (kPa),K↓ is the incoming short wave radi-
ation(Wm2), RH is relative humidity ,U is the wind speed (m/s), T is mean daily air temperature (˚C)). 

 
Table 2. ET estimated from Landsat 8 data using SEBS algorithm. 

Date of Image Minimum ET Maximum ET Mean ET 
Standard 
deviation 

2013-07-14 6.81 13.69 11.20 0.740 

2014-07-17 5.48 12.89 10.58 0.810 

2015-07-04 4.95 10.80 8.94 0.684 

 
Table 3. Estimated ET and actual ET values. 

Date Lysimeter Penman_Montith (mm) SEBS (mm) 

7/14/2013 12 9.46 11.2 

7/17/2014 11 8.11 10.58 

7/4/2015 11 8.08 8.94 
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(a) 

 
(b) 

 
(c) 

Figure 3. Comparison of daily ET estimated by three different methods in each year. 
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(a)                                                                 (b) 

 
(c) 

Figure 4. (a) Estimated ET for 14 July 2013; (b) ET estimated for 17 July 2014; (c) Estimated ET for 4 July 2015. 
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study, the SEBS estimated ET values varies from 4.95 to 10.80 for the year 2015. 
There is also a significant difference between maximum and minimum ET val-
ues in different part of the study area for the year 2013 and 2014 (Table 2). By 
combination of different layers in GIS we could analyze and evaluate the effec-
tive parameters on ET rate. Moreover, the changes in the ET rates over time 
were investigated by implementing multi temporal satellite dataset. 

4. Conclusion 

Using remotely sensed derived parameters of the earth’s surface and meteoro-
logical data in the SEBS algorithm we could estimate the daily evapotranspira-
tion within the study region. Moreover, the spatial distribution of ET rate within 
the study region was mapped which is the advantage of this approach over the 
ground-based ET measurements. Using the SEBS algorithm along with an accu-
rate Land use and Land cover information will enable us to relate the rate of the 
ET in a specific region to their corresponding land use types. Variation in land 
use caused spatial changes in ET rate over the study area (Figure 2). (Figures 
4(a)-(c)) show the spatial variations of ET estimates based on Landsat 8 data in 
the study area in three different dates. The results indicate ET for water bodies 
and irrigated agriculture is high, while for bare soil and urban areas ET is low. 
This indicates the rate of ET is controlled by types of land use and water availa-
bility at the same time. According to the results, the highest rate of ET is occur-
ring over the reservoir behind the dam which is the main land cover types within 
the study area. Images showed that, although the size of reservoir behind the 
Zayanderud Dam increased from 2013 to 2015, the rate of ET over the reservoir 
decreased. Mean SEBS estimated ET values were calculated 8.94, 10.58 and 11.20 
for 2013, 2014 and 2015 respectively. Agricultural lands including dry and irri-
gated farming are second largest land use in study area. ET values over the irri-
gated farming are much more than ET values in dry farming. This may draw the 
attention of the water supply and land use managers to adjust the agricultural 
activities toward having more dry farming lands rather than irrigated farming. 
The results could have been more reliable if we had more available lysimeters 
distributed over the study area to validate the ET estimated from SEBS algorithm 
more accurately.  
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