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Fig. 1- Geographic location of the research farm at the Graduate University of Advanced
Technology, Kerman, and the layout of the installed lysimeters.
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Fig. 2-f- Effluent collection from the lysimeter.  Fig. 2-e- Field operations related to crop irrigation.
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Fig. 3! (a) Schematic view of the scintillometer device; (b) Spatial location of the study farm and the
Zaindroud Basin within the Landsat-8 satellite coverage area.
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Table 1. Key equations underlying the SEBAL algorithm.

Variable No. Formula
Latent Heat Flux (AET) 8 AET =R, —-G-H
Net Radiation Flux (Rn) 4 R,=@0-o)xRg!{+R,{—-R;, T—(1—20)xR.{
. G Tq
Soil Heat Flux (G) (5) e E(o.oossa + 0.0074a2)(1 — 0.98NDVI*)
n

. pCp dT

Sensible Heat Flux (H) ®) H=—
Tah

Ground temperature difference (dT) (/) dT =aTs+b
Instantaneous Evapotranspiration 8 o LET
(ETinst ) (8) ETinst = 3600 * W
Entire day Evapotranspiration (ET24) 9) ET24 =ET. X ET, — 24
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Fig. 52 Comparison of ET, time series estimated by the SEBAL model with field data (a: Lysimeter in
Kerman; b: Scintillometer in Isfahan).
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Fig. 6= Taylor diagram for evaluating SEBAL -estimated ETa for alfalfa and sorghum in
comparison with observed field data (a: Scintillometer in Isfahan; b: Lysimeter in Kerman).
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Fig. 7- Spatial changes of vegetation index (NDVI) across three periods:

May 12, 2016; June 20, 2016; and

August 18, 2016 in Baharan farm.
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Fig. 8- Spatial changes of surface temperature (TS) across three periods: May 12, 2016; June 20, 2016;
and August 18, 2016 in Baharan farm.
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18, 2016 in Baharan farm
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Abstract
Accurate estimation of evapotranspiration (ET) plays a crucial role in agricultural water-resources management,
particularly in arid and semi-arid regions. In this study, the performance of the Surface Energy Balance Algorithm
for Land (SEBAL) in estimating daily actual evapotranspiration (ETa) was evaluated for two crops—sorghum
in the arid climate of Kerman and alfalfa in the semi-arid climate of Isfahan. For model validation, ETa of
sorghum in Kerman was measured using a volumetric lysimeter, while ETa of alfalfa in Isfahan was obtained
from a scintillometer along with data from a nearby meteorological station. The SEBAL -estimated values were
then compared with the observed measurements. The main innovation of this research lies not in introducing the
SEBAL algorithm, but in simultaneously evaluating its performance across different climates and types of
vegetation using independent and accurate field data—an approach that has received comparatively little
attention in domestic studies. The results indicated that SEBAL performed satisfactorily in both regions and
showed good agreement with lysimetric and scintillometric data. In Kerman, a coefficient of determination of
0.71 and errors of RMSE = 1.32 mm/day and MAE =1.1 mm/day were recorded. In Isfahan, despite a slightly
higher error (RMSE =1.54 mm/day), the higher coefficient of determination (0.81) reflected better model
accuracy. Overall, the quantitative results demonstrate that SEBAL is capable of providing reasonably accurate
estimates of ETa and can be effectively utilized for practical water-resource management in arid and semi-arid
areas.

Introduction

Growing demand for food and agricultural products has placed substantial pressure on water
resources in lIran, where over 90% of available water is used in the agricultural sector. Consequently,
accurate estimation of evapotranspiration (ET) is vital for improving water management, particularly
in arid and semi-arid regions (Eslami et al., 2022). Although direct measurement techniques such as
lysimeters, evaporation pans, and scintillometers provide reliable point-based ET data, they are
expensive, labor-intensive, and unsuitable for large-scale applications. Remote sensing—based surface
energy balance models, including SEBAL, METRIC, SEBS, and SSEBop, have therefore become
valuable alternatives, enabling regional ET estimation with minimal ground data requirements. Among
these, SEBAL has been widely adopted in more than 30 countries and has consistently demonstrated
high accuracy across daily to annual temporal scales, with strong agreement reported between SEBAL
estimates and lysimetric or scintillometric observations (Bastiaanssen et al., 1998; Rahimpour et al.,
2018; Zoratipour et al., 2023). Nonetheless, model performance may vary depending on environmental
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factors such as climate, land cover, and auxiliary inputs. This study evaluates the accuracy and
efficiency of the SEBAL algorithm in estimating actual ET (ETa) under two contrasting climate
conditions in central Iran. Using sorghum fields in Kerman (arid climate) and alfalfa fields in Isfahan
(semi-arid climate), SEBAL-derived ETa estimates are validated against ground measurements from a
volumetric lysimeter and a scintillometer. Statistical indicators including Rz, RMSE, and MAE are
used to assess model performance across different vegetation types and climatic settings.

Materials and methods
Study Area in Kerman, Satellite Data, and Lysimeter ETa Measurements

The study was conducted at the experimental farm of the Graduate University of Advanced
Technology in Kerman Province, near the city of Mahan. The site, located at an elevation of 1910m,
is characterized by an arid climate with temperatures ranging from —7°C to 39.6°C. SEBAL was
applied to estimate sorghum ETa between July 20 and September 7, 2018, using seven cloud-free
Landsat-8 (OLI/TIRS) images and meteorological data from the Kerman synoptic station, including
air temperature, wind speed, dew point, sunshine duration, and dry-bulb temperature(Mahmudzadeh
and Anvari, 2021b). Because the farm lies within the overlap of Landsat-8 paths, the effective revisit
time was reduced to eight days. Ground-based ETa measurements were obtained from two volumetric
lysimeters (80 cm radius, 2 m height) installed at a depth of 2 m, each accompanied by a 3-m
observation well for drainage measurement. Sorghum was planted both inside the lysimeters and in the
surrounding field, and weekly irrigation along with periodic measurements of soil moisture and
drainage volume enabled calculation of lysimeter-based ETa.

Study Area in Isfahan, Satellite Imagery, and Scintillometer Measurements

The second study area was a 15-hectare alfalfa farm in the Baharan Agro-Industrial Complex,
Isfahan Province, located at 1554 m elevation in a semi-arid climate (Rahimpour et al., 2018;
Alimohammad Nejad et al., 2018). A Large Aperture Scintillometer (LAS) with a 250-m path was
used to directly measure sensible heat flux and estimate ETa, based on Monin—Obukhov similarity
theory. Daily ETa measurements were collected from June 28 to September 1, 2016, alongside
meteorological data (temperature, pressure, wind speed, and humidity) from an on-site automatic
weather station. Six Landsat-8 images with 16-day intervals were also acquired to support field-scale
ET estimation, chosen for their suitable spatial resolution (15-100 m).

Surface Energy Balance Algorithm for Land (SEBAL)

The SEBAL algorithm estimates actual evapotranspiration (ETa) using surface energy balance
equations with minimal ground data. Latent heat flux (AET) is computed as the residual of net radiation
minus soil and sensible heat fluxes. Surface albedo, temperature (Ts), and vegetation index (NDVI)
are calculated, with cold and warm reference pixels defining end-member conditions. Sensible heat
flux (H) is first determined for these reference pixels and then extended to all pixels using air density,
specific heat, temperature difference (AT), and aerodynamic resistance. AT is iteratively derived as a
regression function of Ts. Finally, instantaneous ET is calculated and converted to daily ET using the
reference ET fraction (ETrF) (Bastiaanssen et al., 2005).

Results and discussion

The SEBAL algorithm was used to estimate ETa in two contrasting climates in Iran: arid Kerman
(sorghum) and semi-arid Isfahan (alfalfa). Model outputs were compared with field measurements
from a volumetric lysimeter in Kerman and a scintillometer in Isfahan to evaluate accuracy. In Kerman,
SEBAL showed reasonable performance with R? =0.71, RMSE =1.32 mm/day, and MAE =1.1
mm/day, with most points within +20% of the 1:1 line, though slight overestimation occurred at higher
ETa values. In Isfahan, a stronger correlation was observed (R? =0.81), despite a slightly higher RMSE
(1.54 mm/day), with minor underestimation at higher ETa. Overall, SEBAL effectively estimated ETa



across both regions, with minor discrepancies attributable to climatic differences, vegetation type,
environmental conditions, and instrument accuracy. These results demonstrate SEBAL’s reliability as
a tool for supporting water resource management and agricultural planning under diverse climatic
conditions.

Conclusion

This study assessed the performance of the SEBAL model in estimating daily actual
evapotranspiration (ETa) for sorghum in the arid climate of Kerman and alfalfa in the semi-arid climate
of Isfahan. The results demonstrated that SEBAL provided satisfactory ETa estimates in both regions,
showing good agreement with lysimeter and scintillometer measurements. Overall, model performance
was influenced by both climatic conditions and the accuracy of the measurement instruments. In the
semi-arid region of Isfahan, relatively stable environmental conditions and the higher precision of
scintillometer data contributed to more reliable SEBAL estimates. In contrast, in the arid region of
Kerman, harsher drought conditions and certain limitations of the lysimeter led to greater variability
and slightly lower consistency in model outputs. These findings confirm that SEBAL can serve as an
effective tool for ETa estimation across different crops and climatic conditions, while highlighting the
importance of site-specific factors and instrument reliability in determining its accuracy.
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