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Revised: 2025/07/23 | Evaporation serves as a significant factor in the hydrological deficit experienced by Lake
Accepted:2025/08/20 Urmia, thereby exerting a vital influence on its overall water equilibrium. The evolution of
satellite sensor technology has facilitated the acquisition of a comprehensive range of satellite
imagery, underscoring the necessity for meticulous evaluation in the assessment of lake
evaporation. This research endeavor is designed to quantify daily evaporation rates from
Lake Urmia through the integration of Landsat 8 and 9 imagery from the year 2022, while
concurrently assessing the efficacy of physical, empirical, and remote sensing methodologies.
A comprehensive analysis was conducted on a total of 21 satellite images, wherein the
FAO56-PM, Priestley-Taylor, and Hargreaves-Samani models, in conjunction with the
remote sensing techniques of the Surface Energy Balance Algorithm for Land (SEBAL) and
Mapping Evapotranspiration at High Resolution and with Internalized Calibration
(METRIC), were executed within the Google Earth Engine (GEE) framework. The resultant
model outputs were corroborated against pan evaporation data obtained from the Urmia
meteorological station, which served as the reference ground truth dataset. The analysis
indicated that SEBAL, when utilized without a correction factor, exhibited superior accuracy,
achieving a Root Mean Square Error (RMSE) of 0.83 mm/day and a Nash-Sutcliffe Efficiency
(NSE) value of 0.48. Upon the implementation of a correction factor, the FAO56-PM model
produced optimal outcomes, with an RMSE of 1.04 mm/day and an NSE of 0.18. In summary,
SEBAL surpassed the performance of the other models, attributable to its dependence on
satellite-derived imagery. Moreover, the amalgamation of satellite data with empirical
modeling approaches holds significant potential for enhancing water resource management
strategies within the context of Lake Urmia.
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Introduction

ake Urmia, recognized as one of the most extensive hypersaline lakes globally, has
undergone a notable diminution in its water volume in recent decades, predominantly
attributed to elevated evaporation rates and anthropogenic influences. The pivotal
significance of evaporation within the hydrological equilibrium of this delicate ecosystem
has prompted a plethora of investigations directed towards enhancing the precision of
evaporation estimations. With the progressive developments in remote sensing
technologies, high-resolution satellite imagery has emerged as a formidable instrument
for the surveillance of environmental parameters across expansive regions. This
investigation employs both remote sensing methodologies and empirical models to
critically assess the efficacy of various approaches for estimating daily evaporation from
the surface of Lake Urmia. The models incorporated in this analysis encompass the
empirical FAO56-PM, Priestley-Taylor, and Hargreaves-Samani models, alongside
remote sensing-based frameworks such as SEBAL (Surface Energy Balance Algorithm
for Land) and METRIC (Mapping Evapotranspiration at High Resolution with
Internalized Calibration). The impetus for this research is rooted in the necessity for
accurate evaporation data to facilitate water resource management, inform conservation
strategies, and alleviate the adverse effects of water depletion in hypersaline ecosystems.
This study meticulously evaluates the advantages and limitations of each model through
an exhaustive review that also considers the spatial variability of evaporation across the
lake’s surface, taking into account the factors that contribute to heterogeneous evaporation
patterns. Ultimately, the research aspires to propose an integrated framework and identify
a dependable model for the continuous monitoring of evaporation in Lake Urmia.

Research Method

The investigation conducted in this research is predicated upon a dataset that encompasses
21 satellite images obtained from Landsat 8 and Landsat 9 during the year 2022. These
images underwent processing via the Google Earth Engine (GEE) platform to derive
critical parameters, including land surface temperature, albedo, and net radiation, which
are vital for the implementation of remote sensing-based models. Concurrently,
meteorological data—comprising variables such as temperature, relative humidity, wind
speed, and solar radiation—sourced from the Urmia station were utilized as input for the
empirical models. The empirical models employed in this investigation consist of FAO56-
PM, Priestley-Taylor, and Hargreaves-Samani, chosen for their relative simplicity across
diverse climatic contexts. Conversely, the SEBAL and METRIC models, which are
grounded in the principles of surface energy balance, were utilized for the estimation of
evaporation. These models leverage satellite-derived variables (including albedo,
vegetation indices, and emissivity) to compute energy balance components such as net
radiation, sensible heat flux, and soil heat flux, thereby facilitating the estimation of
instantaneous evaporation. A significant element of the methodological framework is the
incorporation of a correction factor of 0.76, derived from antecedent studies, aimed at
enhancing the efficacy of the empirical models. This integrative approach affords a robust
framework for the cross-validation of model performance and the exploration of spatial
variations in evaporation across the lake.

Results & discussion

The comparative examination of the models elucidated distinct performance attributes.
The remote sensing-based SEBAL model, implemented without any correction factor,
attained the highest accuracy, evidenced by an RMSE of 0.83 mm/day and an NSE of
0.48. These findings unequivocally illustrate SEBAL’s proficiency in capturing the spatial
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heterogeneity of evaporation by utilizing high-resolution satellite data. Subsequent to the
application of the correction factor, the FAO56-PM model exhibited notable
enhancement, yielding competitive outcomes with an RMSE of 1.04 mm/day and an NSE
of 0.18, albeit its performance was still inferior to that of SEBAL. The Priestley-Taylor
and Hargreaves-Samani models, notwithstanding their simplicity and user-friendliness,
demonstrated elevated errors, suggesting that these models may be less applicable to the
intricate environmental conditions of Lake Urmia. The spatial distribution maps of
evaporation derived from the model outputs indicated considerable variability,
demonstrating that evaporation rates fluctuate in response to alterations in water depth and
other surface-affecting factors. The discussion underscores that the integration of remote
sensing data with empirical models can yield satisfactory performance. The discrepancies
in model efficacy are ascribed to the diverse methodologies employed in calculating
energy balance components and the varying influence of meteorological conditions on
each model. These results highlight the significance of selecting an appropriate model
based on regional characteristics and accentuate the potential advantages of employing
combined methodologies to enhance the precision of evaporation estimates.

Conclusion

This investigation presents a thorough assessment of both remote sensing-based
methodologies and empirical models for quantifying evaporation from Lake Urmia. The
findings suggest that the SEBAL model, which exclusively utilizes satellite data,
demonstrates superior efficacy in elucidating the spatial heterogeneities in evaporation,
whereas the FAO56-PM model, when adjusted with a correction factor, exhibits
commendable performance. The integrative methodology that amalgamates satellite
imagery with meteorological data proves to be remarkably effective in the surveillance of
evaporation in extensive and intricate aquatic systems such as Lake Urmia. These results
hold significant implications for water resource administrators in devising efficacious
management and conservation strategies. Subsequent investigations ought to examine
additional correction factors and incorporate satellite data with enhanced temporal
resolution to further augment model precision.
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Figure 1. Location of Lake Urmia as the study area of this research
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Figure 2. Overview of the implemented methods for estimating evaporation from Lake Urmia
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Table 3. Equations used in the SEBAL and METRIC models

Model Parameter Equation |

SEBAL  Atmospheric transmissivity 7y, =0.75+2 x107° x 7

0.4
—0.00146P w
METRIC  Atmospheric transmissivity 7, = 0.35+0.627 xexp l:— - 0.75[ j :l

k, cosd,, cosd,,
.  _ TS
SEBAL Soil heat flux R, (0.0038c+0.0074c*)(1-0.98NDV I )
Ff— =0.05+0.18 """ (LAl 205)
METRIC Soil heat flux "

1.8(T, -273.15)/R, +0.084 (LAI <0.5)
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Table 4. Equations for potential evaporation models used in this study with references

Developed equation Reference
0408(R, -G )+7——0 (e, —e,)
E T e 273 (Allan et al., 1998)
’ A+y(1+0.34u,)

E,= 0.0023(0.408) (T max — 1 min )0'5 (T mean +l7.8) R, (Hargreaves & Samani, 1985)

A R, -G
: A+y A

= (Priestley & Taylor, 1972)
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Table 5. Criteria for evaluating results used in this research
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Figure 3. Comparison of pan evaporation measurements with evaporation estimated by the models: a) SEBAL, b)
METRIC, ¢) FAO56-PM, d) Priestley-Taylor, and ) Hargreaves-Samani
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Figure 4. Comparison of pan evaporation measurements with evaporation estimated by the corrected models: a)
FAO56-PM, b) Priestley-Taylor, and ¢) Hargreaves-Samani
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Figure 5. Measured lake surface elevation of Lake Urmia from 2000 to 2022, obtained from the Urmia Lake
Restoration Program (https://www.ulrp.ir)
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Figure 6: Daily evaporation distribution map over Lake Urmia on April 13, 2022, estimated using the models: a)
SEBAL, b) METRIC, ¢) FAO56-PM, and d) Priestley-Taylor
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