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1 - Evapotranspiration
2 - Surface Energy Balance System
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Figure 1 - The location of the studied area (the area affected
by flood spreading on the Qaracherian Aquifer).
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4 - Land Surface Temperature

5 - Remote Sensing

6 - Satellite Data Imagery

7 - Thermal Infrared

8 - Normalized Difference Vegetation Index (NDVI)
9 - Leaf area index (LAI)
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11 - energy fluxes estimation

12 - satellite spectral observations
13 - surface emission

14 - roughness height

15 - soil heat flux=G

16 -sensible heat flux=H
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Table 1- Characteristics of Landsat 8 images used in the study area.

id Solar date AD data Path and row Julian day
1 1399.7.3 2020.9.24 167- 034 268
2 1399.7.19 2020.10.10 167- 034 284
3 99.7.28 2020.10.19 166- 035 293
4 99.11.11 2021.1.30 167- 034 30
5 99.11.27 2021.2.15 167- 034 46
6 99.12.29 2021.3.19 167- 034 78
7 1400.1.24 2021.4.13 166- 035 103
8 1400.1.31 2021.4.20 167- 034 110
9 1400.2.9 2021.4.29 166- 035 119
10 1400.2.25 2021.5.15 166- 035 135
11 1400.3.17 2021.6.7 167- 034 158
12 1400.4.2 2021.6.23 167- 034 174
13 1400.4.18 2021.7.9 167- 034 190
14 1400.5.3 2021.7.25 167- 034 206
15 1400.5.19 2021.8.10 167- 034 222
16 1400.6.4 2021.8.26 167- 034 238
17 1400.6.20 2021.9.11 167- 034 254
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Figure 2- Preparation of Sebs model input layers on 2021.7.9 date.
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Figure 3- Actual evapotranspiration map estimated using Sebs model of the studied area on 2021.7.9 date.

o 2 (Gboles 5 (65 0]0l uaiile oy 9 gl
Candds (KC) a8 oy 8lg 3 ET g ETa s
(DS Copd Dyl g obiygyd ) edliel b aeldl )y el
ot 35 gl Sl slojey IS sl HBly 595 9 s
(Bta) (s Joo & by jllie 55 5 505 3550 5l
5> ol oo ikl sl (ETO) casle iy (39, 5
b G cupd dgrg SOl Al 45 S (el donl

(F JS3) 392 93 ) oo (RZ=4JAFY)

Jow @w‘g
Joallyguas 51 oolazal b ailig, (Bly 55— 55 29l
Pl g1 0ad 48 )S ] (slb 905 45 o) 1 RS s
B 9y W) plo (HBly (5ywi= e el Sl 0
A5 dplre e ey () edlizal b (ET0) g2
Jae 5 sl Gy 5 s Blize slajyy sl s
A5 35l (KC) (oS o ps cule oty oy § s
poai ) odel Cundas ETa due 93 ojle dlael jolaie oyl
31 ool b ylas so (sla pguai ET() g 0 dislns (glojlgnle



o’/’/‘lb’ f‘j"}j

12 1

10 4

ET FPM
L=}

y=1.2982x - 1.4183

R2=0.8444

e 3 (et (Pt (653 (et J e 2eiwnly 9 (255

4
ET

5 6 7 8 9
SEBS

(ETa) (s Joto 31 ool oty (28l 525 9y 9 (ETO) 22 0 3555 9 il oo (sl ylogai -F S
Figure 4- The relationship between reference evapotranspiration (ET0) and
actual evapotranspiration resulting from Sebs model (ETa).
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Table 2- Calculation of statistical indicators for evaluating the results of Sebs model.

id date ET0 FPM ET SEBS R? MAD MSE RMSE
1 2020.9.24 5.555797 4.073
2 2020.10.10 2.503595 2.959
3 2020.10.19 3.253535 3.871
4 2021.1.30 2.019262 2.65
5 2021.2.15 3.592898 4.15
6 2021.3.19 3.629282 4.77
7 2021.4.13 6.301774 5.29
8 2021.4.20 5.604182 5.67
9 2021.4.29 4.698033 5.64 0.844 0.25 1.12 1.06
10 2021.5.15 6.920953 6.084
11 2021.6.7 6.615086 6.62
12 2021.6.23 10.64675 7.716
13 2021.7.9 7.885473 6.696
14 2021.7.25 8.858867 8.4
15 2021.8.10 8.384 7.82
16 2021.8.26 6.037106 6.67
17 2021.9.11 6.838003 6.02
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Table 3- Comparing the results of Soil Water Balance model and Sebs model in the study area.

Volume of irrigation water Effective precipitation ET Water Balance model Evapotranspiration — Sebs model
() () () ()
20165 3950 24115 28750
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Extended Abétraclt

Introduction and Objective:

Evapotranspiration govern the water and energy balance of the soil, primarily used in general
circulation models and hydrological modeling of weather conditions. Consequently, predicting river
flow, forecasting crop performance, water management systems, and the quality of rivers or lakes
all depend on evapotranspiration levels. Therefore, accurate estimation of water bilan is essential.
Improved and precise estimations of evapotranspiration enable effective irrigation planning and
optimal water usage for other agricultural purposes. The goal of this research is to evaluate and
validate the surface energy balance model, SEBS, in determining evaporation-transpiration in the
Sohrin-Qareh Chiran Plain, located 30 kilometers northwest of Zanjan city.

Materials and methods:

In this study, the actual evapotranspiration were determined using the SEBS energy balance model
and Landsat imagery in the Sohrin-Qareh Chiran Plain. A total of 17 Landsat-8 images, along with
weather data from the Zanjan airport station, were examined. Additionally, with the help of the
SEBS model, the evapotranspiration of a five-hectare wheat field was calculated and validated for
the time period from September 22, 2020, to September 22, 2021. The required inputs for the SEBS
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model, including albedo, land surface temperature, emissivity, NDVI, vegetation cover index, leaf
area index, vegetation height, and canopy density, were prepared in the ENVI software environment.
The data on precipitation and water consumption volume were also determined using the soil water
balance model.

Results and discussion:

The study found that the evapotranspiration estimated by the soil water balance model was 24115
m3, while the evapotranspiration estimated by the SEBS model was 28750 m3, with a 16.12% error.
Additionally, the SEBS model was calibrated using four indices - R2, RMSE, MAE, and MBE - with
values of 0.844, 1.06, 1.12, and 0.25, respectively. These results indicate that the SEBS algorithm is
accurate enough to estimate ETa in the study area.

Conclusion and Suggestions:

Therefore, based on the results of this research, it can be said that the use of satellite images in
estimating actual evapotranspiration (ET) is reliable compared to field measurement methods.
Considering the limitations of traditional moisture balance methods (such as being point-specific,
time-consuming, costly, requiring precise instruments, and almost impractical with the use of
lysimeters) and the advantages of utilizing satellite images (covering a wide area of farms or
orchards, being cost-effective and fast), acceptable results can be achieved in estimating
evapotranspiration while accepting a low margin of error.

Key words: Satellite images, Soharin plain, remote sensing, soil water balance model



