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ABSTRACT
Today remote sensing is used in various sciences such as geography, biology, meteorology, agriculture,
water resources management, etc. Therefore, using the algorithms available in the remote sensing of
evapotranspiration, one can take a major step in the management of water resource swhich is included
SEBAL algorithm.In this study, using this algorithm, multi-spectral satellite data and meteorological data
such as temperature, duration of sunshine, wind, saturation vapor pressure, soil moisture and so on were
used to calculate surface albedo, surface temperature and vegetation status index. Seasonal monitoring of
evapotranspiration changes over the past two years has shown that the process of evapotranspiration
changes during a year is periodic that start at the beginning of the year (as in the picture of January 2018
and February 2017) with a relatively low amount, then it has an uptrend to reach its highest levels in the
summer (July 2016 and 2017), and then it has downward trend and at the end of the year (October 2016
and 2017) reaches its minimum value. The highest amount of evapotranspiration dates to the 7th month of
every year, which is the summer season. Due to the fact that the temperature of evapotranspiration in the
heat season is higher because of high air temperature and atmospheric conditions, the results confirm the
accuracy of this subject that highest amount of evapotranspiration is in the 7th month of every year.
KEYWORDS: Evapotranspiration, SEBAL algorithm, Landsat 8 satellite images, Meteorological stations
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I. INTRODUCTION
Increasing demand for water due to the need to
produce more food emphasizes the need for
planning for agricultural water issues. With proper
irrigation planning and determining the time and
rate of irrigation, the water needed for the plant is
provided, and in addition to unnecessary
consumption of water, the effects of drought stress
and yield reduction are prevented [1].

7

On the other hand, due to the warming of the air
and the increase dryness in warm and dry seasons,
especially in areas such as Iran, there is the
possibility of fire of pastures and forests.
Knowledge of time, dispersion and water stresses
on trees and pastures in warm and dry seasons are
also important reasons for measuring water stress
and soil moisture content [2]. Now, with the
development of remote sensing technology, soil
moisture estimationhas been directly or indirectly
taken into consideration by researchers. When the
adaptation between the sensor data and the
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measured properties of the soil and the plant takes
place, it can be concluded about the conditions of a
wider area where no real ground measurements
have been made [3]. This action leads to the
achievement of a true value of remote sensing;it
means the ability to obtain very large information
with the least number of labors and at a very short
time. Therefore, in order to manage the water
requirement in large farms and gardens, increase
the yield and quality of products, and alsopredict
the fire in pastures and forests in warm and dry
seasons, the monitoring of the water stress of
plants is required using remote sensing technology
[4].
Traditional methods in soil moisture field
measurements are not desirably able to provide
spatial and temporal changes in soil moisture and
are not practically possible at basin level. Satellite
data is continuously and widely available and
provides a wide range of environmental
phenomena in space, compared with point
situations such as meteorological stations [5].
This capability makes satellite images useful for
monitoring moisture. Precise soil moisture
determination is a key factor in these studies.
Changes in factors such as soil texture,
topography, vegetation and irrigation methods
make
the
soil
moisture
change
much
time-dependent. Evapotranspiration is one of the
important factors in the hydrological cycle and is
one of the determinants of energy equilibrium on
the ground and water balance and its estimation is
required in various fields such as hydrology,
agriculture, forest management and pasture
management, and water resources management
[6]. Remote sensing is one of the new techniques
that can be used to estimate evapotranspiration in
an area without having to know the background in
relation to soil conditions, crop management and
farm management [7].
Energy balance methods based on the calculation
of evapotranspiration is one of the components of
the energy balance equation. SEBAL algorithm
(earth’s energy balance) is one of the most
important and most widely used energy balance
methods for estimating real evapotranspiration
using remote sensing data based on experimental
and physical relationships.SEBAL algorithm is a
method
that
estimates
the
actual
evapotranspiration with minimum ground data
and this algorithm was first presented by
Bastiaanssen et al. 1998 [8, 9]. This algorithm was
reformed in 2002 by Allen et al., that the new
modified algorithm is very similar to the METRIC
8

energy balance algorithm presented by Allen et al.
(2007). [10] So far, many studies have been
conducted that all indicate the effectiveness of the
SEBAL
method
for
estimating
real
evapotranspiration in a regional scale and large
basins [11, 12, 13]. Nori (2009) conducted a
research and investigated the use of the SEBAL
algorithm for calculating real evapotranspiration
using MODIS sensor images under catchment area
(the Mashhad in Iran). The results showed that the
MODIS sensor images and SEBAL algorithm are
able
to
accurately
estimate
the
actual
evapotranspiration on a daily scale in Mashhad.
Sanein Nejad and et al. [14] also estimated the
amount of evapotranspiration using MODIS sensor
images for three days of the year and in a region in
Mashhad. The results of this study showed that the
images of MODIS and SEBAL algorithm have a
good
ability
to
estimate
the
actual
evapotranspiration
on
a
daily
scale.
Pourmohammadi et al. [15] determined and zoned
the amount of real evapotranspiration by using
MODIS images and SEBAL algorithm in one region
of Yazd province. The results of this study, while
showing
the
spatial
variations
of
evapotranspiration from different land uses, reflect
the significant changes in this factor in different
basin uses. Sun et al. [16] and Jia et al. [15]
estimated the amount of evapotranspiration using
the SEBAL method and using the images of MODIS
and Landsat, respectively, in two regions of China,
and showed that the application of the algorithm
SEBAL can play an important role in water
resources decision making. Therefore, according to
the importance of water in the country and the
necessity of controlling water consumption and
prevention of waste of water, in this study, the
amount of evapotranspiration in the city of Ahvaz
and the suburbs is estimated using Landsat 8
satellite images and SEBAL method.
II. METHODOLOGY
2.1 The studied area and data:
The studied area is located in the city of Ahvaz and
the suburbs that is located in the geographic
coordinate system with a longitude of 31 ° 44'31.13
"N and latitude 49 ° 19'08.29" E (figure 1). In this
study, a series of eight Landsat 8 satellite images
have been used seasonally since the past 2 years.
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In thisequation, α is the surface albedo; ε0 is the
surface emissivity; R s↓ is the input shortwave
radiation, R l↓ is the input longwave radiation and
R l↑ is the outputlongwave radiation.

Figure 1 The studied area

To calculate evapotranspiration, a map of the
digital terrain model of land is needed, which is
provided by https://earthexplorer.usgs.gov/. Also,
the needed meteorological information is obtained
from the weather stations of the cities in the region
such as Ahvaz and Shushtar, etc. that are available
on the Iranian meteorological site.
The purpose of this study is to obtain the
instantaneous evapotranspiration changes in the
past two years in a seasonal manner. To achieve
this goal, first, the evapotranspiration for each of
the 8 Landsat 8 satellite images is downloaded
from the https://earthexplorer.usgs.gov/ site.
Subsequently, an initial pre-processing with ENVI
software was performed on the downloaded
photographs from the site.
In this study, SEBAL algorithm was used to
estimate evapotranspiration. SEBAL is an image
processing
model
that
calculates
evapotranspiration
and
other
energy
transformations in the ground surface using digital
image data that is obtained by remote sensing
satellites that measure visible radiation, near
infraredradiation and thermal infrared radiation.
SEBAL algorithm provides a complete balance of
radiation and energy levels along with tangible heat
flow and aerodynamic roughness of surfaces.
Evapotranspiration is calculated as a fraction of
the energy per pixel.
λET = Rn − G − H
)1(
Where λET is the insensible-heat flux (the energy
used to evaporate water), Rn is the pure radiation
at the surface (W / m2), G is the heat flux of soil (W
/ m2), H is the sensible-heat fluxinto the air (W /
m2).
Calculation of pure radiation (Rn)
The pure radiation flux at the surface of the earth
is achieved using all the inlet and outlet radiation
fluxes. The amount of pure radiation on the earth's
surface and its components is determined by the
following equation.
Rn = 1 − α R s↓ + R l↓ − R l↑ − 1 − ε0 R l↓
(2)
9

Calculation of the input shortwave radiation (𝑅𝑠↓ )
The solar radiation flux is direct and diffuse that
really reaches to the ground. Assuming smooth sky
conditions, solar radiation flux can be calculated
for imaging time using the following equation.
R s↓ = Gsc ∗ cos θ ∗ dr ∗ τsw
(3)
That in this equationGsc is the solar constant
(1367 W / m2), θ is the Zenith angle, dr is the
inverse of the square of the relative distance
Earth-Sun, τsw is atmospheric transparency. The
values of R s↓ vary from 200 to 1000 watts per
square meter (W/m2), depending on the location
and time of the imaging.
Calculate the Zenith angle (θ)
The Zenith angle (θ) is calculated using the date
and time of taking satellite images.
Calculation of inverse of the square of the relative
distance Earth-Sun dr
The following equation is used to calculate dr .
2π

dr = 1 + 0.0033 ∗ cos DOY 365

(4)

DOY is the day of the year according to Julian's
calendar
Calculate atmospheric transparency 𝜏𝑠𝑤
To calculate atmospheric transparency, the
following equation is used that depends on the
elevation of the area.
τsw = 0.75 + 2 ∗ 10−5 ∗ z
(5)
That in this equation z is the height from the sea
level in meters.
Calculation of the input longwave radiation (𝑅𝑙↓ )
This radiation is the heat flux from the atmosphere
to the bottom, which was calculated using the
Stefan-Boltzmann equation
R L↓ = 𝜀𝑎 𝜎𝑇𝑎4
(6)
That in this equation εa is the atmospheric
emissivity, Ta is the temperature near the surface
(K), σ is the Stefan-Boltzmann constant with the
value of 5.67 * 10-8 W / m2 / K4. The values of
R s↓ vary from 200 to 500 watts per square meter
(W/m2), depending on the location and time of the
imaging.
Calculation of the output longwave radiation (𝑅𝑙↑ )
The output longwave radiation was calculated
using the Stefan-Boltzmann equation as follows.
R l↑ = 𝜀0 𝜎𝑇𝑠4
(7)
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In this equationε0 is the atmospheric emissivity, Ts
is the surface temperature (K), σ is the
Stefan-Boltzmann constant with the value of
5.67*10-8 W/m2/K4. The values of the output
longwave radiationvary from 200 to 700 watts per
square meter (W/m2), depending on the location
and time of the imaging.
Calculation of soil heat flux (G)
Soil heat flux is the amount of heat stored in the
soil and vegetation due to molecular guidance. Soil
heat flux was calculated using the following
experimental relationship developed by Bostansin.
𝐺
𝑅𝑛

=

𝑇𝑠
𝛼

0.0032 𝛼 + 0.0062 𝛼 2 ∗ 1 − 0.978 ∗ 𝑁𝐷𝑉𝐼4

(8)

That in this equationTs is the surface temperature
in Celsius, α is surface albedo, and NDVI is
normalized difference vegetation index.
Calculation of sensible-heat flux (H)
Finally, the sensible-heat flux, which is the amount
of heat lost to the air by the convective current and
the molecular conductivity due to the temperature
difference, is calculated using the following
equation for heat transfer.
H=

ρ.C p .dT
r ah

(9)

Where ρ is the density of air (kg / m3), Cp is special
heat (1004J / kg / K), d T is thetemperature
difference between two heights (z1,z2) in degrees
Kelvin and 𝑟𝑎ℎ is aerodynamic resistance for heat
transfer (s / m).z1is the exactlyheight of the
displacement of the zero level for the surface or
vegetation, z2 is slightly above the zero
displacement level. In SEBAL, values of 0.1 for z1
and 2 meters for z2 are considered.
The SEBAL model uses two pixel indicators to
determine boundary conditions in the energy
balance equation.
These two index pixels are called "hot and cold
pixels" and are studied in the area.Cold pixels are
selected from fully irrigatedfarms, full-vegetation
farms, where surface temperatures and air
temperatures near the surface are assumed to be
equal, and hot pixels are chosen from without
vegetation and dry land. Evapotranspiration of
plant is considered ETr1.05due to convection. The
reference evapotranspiration is calculated from the
Penman-Monteithequation,
then
ET
=
Rn-G-1.05ETr. The hot pixel is where there is no
evapotranspiration and H = Rn-G. Distinguish
between hot pixels and cold pixels are difficult to
choose from the choice of pixels, because,
according to the temperature, many pixels are
considered for hot pixels.
10

In the cool pixel, the sensible heat flux is calculated
from the following equation.
Hcold = Rn − G − λETcold
(10)
Based on the experience gained in the state of
Idaho, evapotranspiration is about 5% higher than
the evapotranspiration of the reference plant in the
cool pixel. As a result,𝐸𝑇𝑐𝑜𝑙𝑑 can be assumed to be
ETr1.05. Therefore, Hcold is calculated from the
equation Hcold = Rn − G − 1.05 λETr . 𝑑𝑇𝑐𝑜𝑙𝑑 is also
obtained from the following equation.
dTcold =

H cold ∗r ah −cold

(11)

ρcold ∗c p

In the hot pixel, the sensible heat flux is calculated
from the following equation.
Hhot = Rn − G − λEThot
(12)
EThot is assumed to be zero for a hot pixel that is
selected from non-vegetable fields with a dry soil
layer. The sensible heat flux in the hot pixel is
calculated from the following equation.
dThot =

H hot ∗r ah −hot
ρhot ∗c p

(13)

Using the correlation coefficients between the
points of the coefficients a and b, the formula is
calculated.
dT = 𝑎 + 𝑏 ∗ 𝑇𝑠
(14)
The final corrected values for each sensible heat
flux per pixel are calculated and used in the energy
balance equation to calculate the instantaneous
evapotranspiration for each pixel.
III. DISCUSSION AND RESULTS
First, photos taken with the Landsat 8 satellite for
evapotranspiration in the studied area were
downloaded at https://earthexplorer.usgs.gov/.

Figure 1Downloadedsample of Landsat 8 satellite image

Preprocessing
Satellite images taken for use require radiometric
and atmospheric corrections. The radiometric
calibration section in the ENVI software is used to
radiometric correction and the FLAASH section in
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the ENVI software is used to correct the
atmospheric
atmosphere.
After
applying
radiometric corrections, the radiance image is
obtained (figure 2).

vegetation index (SAVI). In the following figure, the
results of the LAI indices and the final image of
surface emissivity are shown.

(a)
Figure 2 Radian images after preprocessing

After applying the atmospheric correction, the
reflectance image is obtained that the reflection of
the band 1 is shown in the following figure. After
applying the above corrections, the corrected
images are ready for use in the next steps to extract
evapotranspiration (figure 3).

(b)
Figure 4(a) Results of indices of LAI and (b)final image of surface
emissivity

Albedo is the percentage of solar radiation reflected
by the earth, which is calculated as a weightedtotal
of the reflectance of the bands 1 to 7 of Landsat 8.
The result of this weightedtotal is as follows (figure
5).
Figure 3 Reflectance images after applying atmospheric
correction

SEBAL algorithm
The
main
parameters
for
evapotranspiration are Rn, G and H.

estimating
λET = Rn − G − H

Pure Radiation (Rn)
In order to obtain pure radiation, according to
equation (2), the albedo parameters, surface
emissivity, the input shortwave radiation, the
inputlongwave radiation and the output longwave
radiation are required, each of which is given
below.
Surface emissivity is a function of the leaf area
index (LAI), which is calculated using soil-adjusted
11

Figure 5 Percentage of reflection of solar radiation by the earth
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The results of the input shortwave radiation
The input shortwave radiation is calculated
according to equation 3 that atmospheric
transparency and dr is required. dr is the
reciprocal of the inverse of the square of the relative
distance Earth-Sun, DOY is needed due to its
equation. In figure 6, DOY different days of the year
are shown in the Julian calendar.

The output longwave radiation
Due to the fact that the LST map prepared with
the thermal bonding 11 has a higher accuracy than
the thermal bond 10, Landsat 8 was used to
calculate the ground temperature. After calculating
the temperature of the surface of the earth and the
surface emissivity of the output longwave radiation
is obtained (8).

Figure 8 The surface image of output longwave radiation

The input longwave radiation
The near-surface temperature has a linear
relationship with the surface temperature, which is
calculated using weather station data.Relatively
humidityis also required toSurface emissivity
calculations obtained from the Meteorological
Organization data.
By calculating the parameters mentioned above,
the input longwave radiation was obtained
(figure9).
Figure 6 DOY different days of the year

After calculating atmospheric transparency and
other parameters, the input shortwave radiation is
obtained.

Figure 9 –The image ofinput longwave radiation

Figure 7 The image of the input shortwave radiation

12

After calculating parameters of the input
shortwave radiation, the input longwave radiation
andoutputlongwave radiation, pure radiation were
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calculated. The figure below shows the pure
radiation image (figure 10).

After obtaining the main parameters of the
SEBAL algorithm, the hidden heat flux (λET) was
estimated. In the end, the rate ofinstantaneous
evapotranspiration is calculated as a coefficient of
the hidden heat flux and is shown in the below
figure (figure 12).

Figure 10 Image of pure radiation

Soil heat flux depends on the surface
temperature parameters, albedo, the normalized
difference vegetation index (NDVI) and pure
radiation index and pure radiation. To calculate
this heat flux, the ratio of soil heat flux to pure
radiation was used.
To calculate the temperature difference and the
aerodynamic resistance, a rotational process was
conducted and the values at each step were
approached to their correct valuesby updating. The
beginning of this process begins by determining the
hot and cold pixels, and after reaching the required
precision, the cycle is completed and the most
appropriate amount of the heat flux is obtained, as
shown in the below figure (figure 11).

Figure 12 Instantaneous Evapotranspiration

IV. CONCLUSION
In this study, after obtaining seasonal
evapotranspiration from July 2016 for two months,
the following changes are obtained.
As shown in the following chart, a similar
process has been achieved in the same chapters.
According to the chart, the maximum amount of
evapotranspiration is in the 7th month, which is
the summer season;Because of this fact that the
temperature of evapotranspiration in the heat
season is higher and high atmospheric conditions
that the obtained results confirm the accuracy of
this fact.In order to better illustrate the range of
evapotranspiration values of the area, in the
belowchart, in addition to the mean values, the
confidence
interval
and
range
of
the
evapotranspiration of satellite images is shown.

Figure 11 The image of sensible heat flux

Figure 13 Range of evapotranspiration values of the area
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As shown in the chart, process of
evapotranspiration changes during a year is
periodic that start at the beginning of the year (as
in the picture of January 2018 and February 2017)
with a relatively low amount, then it has an
uptrend to reach its highest levels in the summer
(July 2016 and 2017), and then it has downward
trend and at the end of the year (October 2016 and
2017) reaches its minimum value.
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