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Extended Abstract

Introduction

Evapotranspiration, which includes evaporation from the soil surface and transpiration from vegetation, is one of
the most important factors of water loss. Also, it is one of the most effective components of the water balance in
a watershed in arid and semi-arid regions of the world. Therefore, it is an important physical parameter for water
resource management and determining the water requirement of plants in the agricultural sector. So far, many
experimental methods have been proposed to calculate evapotranspiration. However, they are only suitable at the
local scale and cannot be generalized to large areas due to regional dynamics and variations. Moreover, the
accurate estimation of evapotranspiration is also very difficult and expensive. Therefore, the present study
calculated the amount of evapotranspiration in the irrigated agricultural sector using Landsat 8 satellite images
and the Surface Energy Balance Algorithm (SEBAL) in Nahavand County. In the SEBAL algorithm by
estimating all energy components on the Earth's surface, including net radiation flux, soil heat flux, and sensible
heat flux and using the energy balance equation, evapotranspiration is calculated. Remote sensing can also show
the spatial distribution of evapotranspiration in addition to estimating the amount of its, because, it is the only
technology that extracts factors such as surface temperature, albedo, and vegetation indices in a way compatible
with the environment and is also economically affordable.

Materials and Methods

In this research, to estimate daily actual evapotranspiration of the irrigated agricultural lands and gardens of
Nahavand County, an irrigated agricultural land-use map was extracted using Sentinel 2 satellite images. Then,
using Landsat 8 satellite images (13 images, from April 13 to October 22 during the growth period of the
irrigated crops) and Surface Energy Balance Algorithm (SEBAL), evapotranspiration maps were obtained during
the irrigated crops growth period in 2021. These Landsat 8 satellite images were captured by the Operational
Land Imager (OLI) and Thermal Infrared Sensor (TIRS) onboard the satellites and are widely used for water
resource applications. The OLI sensor has 9 bands, and the TIRS has two bands (10th and 11th thermal bands).
Landsat images are taken at 16-day intervals with a spatial resolution of 30 m. In all images, the imaging time
was 7:21 AM. Then, since the FAO-Penman-Monteith method is one of the most important and reliable
reference methods in evapotranspiration calculations, this method was used as a basis for evaluation and
comparison. Finally, to evaluate the efficiency of the SEBAL method in estimating the actual evapotranspiration
of irrigated crops and gardens in Nahavand County, the Root Mean Square Errors (RMSE) function was used.

Results and Discussion

According to the results of the SEBAL algorithm, the highest mean of actual evapotranspiration occurred in the
images from September 4, 2021 and August 19, 2021, which fall in the middle of the growing period of irrigated
crops. In addition, the surface albedo was noted to be relatively low on these days, with high NDVI values
indicating high radiation absorption by the vegetation during this period. Net solar radiation is directly
influenced by the incoming longwave and shortwave radiation, both of which directly impact the surface
temperature. Therefore, areas with higher surface temperatures receive higher net solar radiation. The net
radiation flux has a direct relationship with NDVI, greenness, and wetness parameters and is inversely related to
albedo, brightness, and surface temperature (Ts). Vegetative moisture and sensible heat flux are higher on days
with high NDVI. Higher NDVI values indicate an increase in vegetation greenness; therefore, an increase in
evapotranspiration is expected. The lowest mean actual evapotranspiration was observed in the northeastern part
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of the study area due to a lack of sufficient surface and groundwater resources and, consequently, a reduction in
agricultural lands in this region. Finally, to investigate the accuracy of the SEBAL method in calculating
evapotranspiration, the results of the SEBAL method were compared with those of the FAO-Penman-Monteith
method. The results showed that the SEBAL method, with RMSE 0.82, has appropriate accuracy for estimating
evapotranspiration.

Conclusion

Due to population growth and water shortage, especially in the agricultural sector, researchers are looking for
ways to optimize the management of available water resources. The evapotranspiration rate is one of the most
important components of the global hydrological cycle and has a significant influence on the energy balance and
climate. The use of indirect methods such as remote sensing can be an important step in estimating the water
demand of agricultural crops, as well as planning and managing the country’s water resources. Therefore,
considering Nahavand County’s position as the agricultural hub of Hamedan Province, this study investigated
the actual evapotranspiration of the irrigated agricultural land using Landsat 8 satellite images and the SEBAL
Algorithm. According to the SEBAL algorithm results, the highest mean actual evapotranspiration was observed
in the southeastern and central parts of the study area. This can be attributed to the presence of the main branch
of the Gamasiab River, which supports irrigated agricultural lands and gardens in this area. The final results of
this research indicated the high precision of the SEBAL algorithm in estimating evapotranspiration. Thus, the
high accuracy and low error rate indicate that the SEBAL method could be effectively used to estimate
evapotranspiration on a regional scale over the given time period. Additionally, the results obtained from the
SEBAL method assisted in understanding the spatial and temporal changes at different stages of plant growth.
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5 Surface temperature

6 Net radiations

1 Soil heat flux

2 Sensible heat flux

3 Latent heat flux

4 Momentary evapotranspiration flux

5- Daily evapotranspiration

6- Normalized Difference Vegetation Index



YYY

o O g o CulS (o2Blg (305 pad 3,91

~ 2 ®)
n (E.. —E.
Zt—l( Srl1 01) % 100

o] I oad samlie 5y ks lde Es SEBAL

RMSE =

ol Olaalie dlaai N g Sty giun

oy g b Y

W39 (#Bly §,5- ped £, -Y-)

505 SEBAL 68| liaslons plos] | g el o oyl 5
2 359l Sigleg ltaopes Sl g (o S Elig, (Bly (5
ol OL&?UY’&L@J&;‘B9YJ9A?))QY}| Sl ol o
)L.: cu}dam LSL"') Fo3rY dlmdw..ﬁ; X9 Mlﬂ.o Lol 045
By g (S (b padlh oy palls AU
Sy Gl LS & ol > a8 il i Ay, (Sl
5 ol s slod o YU 3o LS ide Lesl wil Yl
S (e > Sl g sl VL (Bly (58 e ke
e glod g 38 (LS s 5 Ghdygs pall b L
i L S i sl 20 ly i e e sl YL
Shamloo ) 5l waiiue alasly NDVI alyl b (gaisyes alls
ot 45 amd o lis odel Cunddy polal oles ) 4iljg,
Ol e 3y g g g S po & bgrye §y5 piu e
<43‘9§ c.)le u\w] c.)ljma ;4}‘}‘)9 ;.)ljJ:f ‘ulﬁf ;&AI)} 60)9?%.)
‘_'j > cppinte &S (P U Y la JS) cusl (o g sbl Oy
lol8 D539, Lo Gl sy 5 dilato ol 53,5 )3
GBS g pgie CutS (ol Ll il oSt S5
Ol oS15 ORIl ang g ol clS o)l oSl
o Ltal3E] el & o dibaie ol > NDVI asls 5 alS
=55 i S onired Cusl 0ad (5j)9liS (Bran
sl Glodas slajisn 4 bgye 35 aliyy (ABly 35
S by slaltg, Jold) sl adlls 350 dilaie 5y
5 e ol deg pas o] LY o eke o (S
S ) maw el @i 3 g wejp) ol Codgice
dilato oyl 3 (LS by o515 el & 4 gl g5sliS
— S bl sy olais! b 4 sble oyl o widl .ol
—x5 e gl GLEL 3929 5 > S 4 (555liS sl

Wlje, b dielw YE § - pond 4 bgs o Olwlone -Y-V-Y
23l pade Ygene diliyy Bymimyd ol 0] Cunda,
JEt N R N P R P K
3 &gy 3y e d oy oo plosl ol sy s jayaol
welo V¥ ggeme b @rye Gy pded S 0o Jolb>
2 il o gl g Sl ool cuwdes @20 Gy s
(Al Zayed et al., 2016) s duwl>e (V) dayly bl
ET,4 = ET,F X ET, 24 )
@ ye Gy aisls YF ggaze BTy o] 5 &
2 Fogshe) alisy By s Glie ETas (j9) » poisl)

el (59,

gl cyoig=gilé (yg, ~Y-V-¥
by ole P Glele bug & olagby) I S
Guglio 5 a2ye Byl Ol O%gln Caa o)l
oo gy Gl 01d apogi gy plo b ol e
Jw 0 gei bwy & (Allen et al., 1998) cosl cusle
S ol 50 cusle V480 Jlo > s 9 15 &1 VAFA
CuiS ik cuile oy daly Glysdr s 45 3905 Skl
Sl laisay gl ol > Jd (Zotarelli et al., 2010)

S Ay €85 51,8 ool )90 duglie 5 (2bj))

"

0.408x Ax (Rn—G) +y x 900/0 o0 XU, X (e — )
a

ET, =
0 A+y(1+0.34U,)

(395 2 o) @20 olS Gy ETy o o &S

Yoelayl o ol ey Uy ol 5 ole 4y lea sles (T
J93) oes > palls GG LRI fasb ) yie) (5%
(s Bly )l L req gl sl )L e (jg) 2 @pe o
e 1D (JSwbolS) lgp glual jlu jLid d5a8 s — €,
(Sl 42>y JSlshS) los b sl s jLid goxie

ol (Sl 423 1 JSubshS) (mmSele el
.(Asadi and Karami, 2020)

Jwe 2Ll -Y-A

ly > SEBAL gy oL byl sl siwo ol 5
&b 5 Wgles Gl eed el g o cutS (Bly 5y e
ey 15 2zl (RMSE) U colay o (555be ygioxe 3\l
(Zhou et al., 2014) cuul b 7 4 by (ol 4 bigsye



YY¥e GYIY Olbxbo V€€ JL& ) D)Lowu 1] 8,93 /Jlbg uj %ﬂd@g&)ud.&o dg,.w /Q')&O@QL;M.;) Yy

S gd dilje, (Bl (5 pxi— pudd (el Hlade -V Joio

Yoy Jlo ;5 8gled Gliw o (2l (5559W
Table 2- The average daily actual evapotranspiration
values for Irrigated agricultural land use of Nahavand
County in 2021
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Figure 2- The average daily actual evapotranspiration height
in Nahavand County in 2021
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Figure 3- Daily actual evapotranspiration height mapof Nahavand County on April 13, April 29, May 15, and May 31, 2021
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Figure 5- Daily actual evapotranspiration height map of Nahavand County on August 19, September 4, September 20, and October 6,
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Figure 6- Daily actual evapotranspiration height map of Nahavand County on October 22, 2021
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