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Extended Abstract

Introduction

Accurate estimation of actual evapotranspiration (ET,) is essential for sustainable water resource management,
particularly in arid and semi-arid regions. This study employed the SEBAL model in conjunction with Landsat 8
and 9 satellite imagery to estimate ET, in the Gareh Bygone Plain, Fars Province, during 2018-2021. The model
integrated corrected satellite data and meteorological inputs to compute essential components of the surface energy
balance, including net radiation, soil heat flux, and latent heat flux. Calibration was enhanced by incorporating
wind speed data, which improved the model’s accuracy. ETa values varied seasonally, ranging from 0.8 to 3.2
mm/day in colder months and 1.8 to 6.5 mm/day during warmer periods. The model’s results were validated
against the FAO Penman-Monteith reference ET and field measurements, confirming strong agreement. Crop
coefficient (Kc) estimates highlighted significant variability based on vegetation type and growth stages. The
complementary use of the SEBS model yielded ETa estimations with a low error margin (3—5%), further
confirming the reliability of remote sensing-based approaches. These findings support the application of calibrated
satellite models and localized parameters in optimizing irrigation strategies and addressing water scarcity in semi-
arid environments. Accurate estimation of actual evapotranspiration (ET,) is crucial for water resource
management and evaluating the efficiency of artificial recharge projects in arid regions. Traditional methods
relying on point-based measurements often fail to represent large-scale and heterogeneous areas. Remote sensing
technologies, utilizing satellite data and surface energy balance models such as SEBAL, enable precise estimation
of ETa and crop coefficients (Kc) over extensive spatial and temporal scales. This study aimed to assess the water
consumption of various vegetation covers and the effectiveness of the flood spreading system in the Gareh Bygone
plain, Fars Province, by developing improved models and analyzing the spatiotemporal distribution of ET,.

Materials and Methods

This study was conducted in the Gareh Bygone plain, as part of a national project assessing the impact of flood
spreading stations on the Kosar aquifer. The area features an arid climate, an average annual precipitation of 229
mm, and a geology comprising limestone, marl, and conglomerates. Satellite data from Landsat 8 and 9, processed
with geometric, radiometric, and atmospheric corrections, served as input for the SEBAL model. This model
estimates actual evapotranspiration by integrating satellite imagery and meteorological data using the surface
energy balance equation. Vegetation indices such as NDVI and SAVI, surface albedo, surface temperature, and
other surface energy parameters were used in ET, estimation. Model results were validated with field
measurements, including reference evapotranspiration, soil water balance, and estimates of return flow.

Results and Discussion

Satellite imagery from Landsat 8 Level 2, covering 2018-2021, was used to derive ETa maps via the SEBAL
model. Due to data acquisition limitations in certain provinces, temporal coverage was incomplete. The SEBAL
model, calibrated with meteorological data and incorporating wind speed as a parameter, showed good
performance in estimating ETa, particularly in the Gareh Bygone plain. The comparison of SEBAL-derived ETa
values with FAO Penman-Monteith reference estimates, using a crop coefficient (Kc=1.05), demonstrated the
model’s reasonable accuracy. ETa values ranged from 0.8 to 3.2 mm/day during the cold season and from 1.8 to
6.5 mm/day in the warm season, reflecting a seasonal pattern consistent with the region’s climatic conditions.
These results highlight the importance of using satellite data and optimizing model parameters for more accurate
ETa estimation. Analysis of SEBAL model results revealed seasonal fluctuations in ETa influenced by
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temperature, solar radiation, and vegetation cover. ETa values ranged from 0.8 to 6.5 mm/day, peaking during the
warm season. The crop coefficient (Kc) was closely linked to vegetation type and growth stage, emphasizing the
need to consider these differences in water management. Field measurements of soil (moisture, texture, bulk
density) in the Gareh Bygone plain indicated a progressive increase in water infiltration depth and return flow
volume during the irrigation season. The comparison of SEBS model-derived ETa with field data confirmed the
high accuracy of the SEBS model (error margin of 3—-5%), demonstrating its superiority over traditional methods
and its effectiveness for agricultural water resource management in semi-arid regions.

Conclusion

This study demonstrated the strong capability of the SEBAL model, utilizing Landsat 8 imagery, to estimate actual
evapotranspiration (ET,), which closely matched seasonal variations in temperature, solar radiation, and vegetation
cover. Incorporating wind speed into the model improved accuracy. The crop coefficient (Kc) highlighted species-
specific and phenological differences. Field data confirmed the significance of soil properties and water
management. The SEBS model provided high ET, accuracy (3—5% error). These findings emphasize the role of
satellite-based models and local parameters in sustainable water resource management and addressing water
scarcity challenges in semi-arid regions.
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Figure 1- Location of the study area and selected farms (a), (b), and (c), along with flood spreading networks in the Garbayegan Plain
(areas delineated by red lines)
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Table 1. Satellite Image Specifications and Initial Processing Steps

Feature Description
Satellites used Landsat 8 and Landsat 9
Data types Reflective (9 bands), Thermal (2 bands)
Spatial resolution Reflective: 30 m, Panchromatic: 15 m, Thermal: 100 m
Revisit period Every 16 days
Image acquisition October 2018 to March 2022
period
Imagii?;gllzsmon Synchronized with key growth stages of wheat, barley, alfalfa, citrus, and date palm in Garbayegan
Pre-processing steps  Cloud removal, atmospheric correction, radiometric calibration, geometric correction using ground control points
Secondary Sensor error correction, conversion of DN to surface reflectance and land surface temperature, atmospheric
corrections correction
Supplementary data Temperature, relative humidity, wind, radiation, land use map

Model used

SEBAL for estimating ETa
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Table 2. The results of calculations of water consumption due to evaporation-transpiration based on the results of the SEBAL model
in sample farms

Volume ETa (m?) Area (m?) Sum ETa (m)

Sum ETa (mm)

Number of Days Average ETa (mm/day)

122605 151633 0.808

808.57 225 3.6
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Figure Y: Evapotranspiration map of the Gareh Bygone Plain using the SEBAL model [(A: 09/10/2019), (B: 10/01/2021), (C:
03/21/2020), (D: 12/21/2021)]
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Figure 3. NDVI map generated from the Landsat 8 image dated March 18, 2019, showing the main land uses (Gareh Bygone Plain)
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Table 3. Determining the depth of water penetration at

the end of each round of irrigation using agar
Depth of penetration (cm)

Farm Farm Farm
Row Measurement stage
& (©) (®) (a)
1 After the first irrigation 84 32 79
) Aftc?r Fhe §econd 139 49 163
1rrigation
3 AfFer_ the_ third 156 76 168
1rrigation
4 Aft;r Fhe fouﬁh 161 98 173
irrigation
5 After the fifth irrigation 179 142 182
6 AfFer' the's1xth 185 164 194
irrigation
7 Aftgr the s.eventh 193 186 208
1rrigation
g Aft.er _the _elghth 213 213 214
irrigation
9 Af?er' the'nmth 221 231 e
irrigation
10 AfFer_ the_ tenth 234 e e
irrigation
1 Afte.r tl_le e_leventh 238 e
irrigation
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