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determining water consumption in agriculture for planning and management of
water resources. Various methods have been proposed for estimating
evapotranspiration so far, which depends on different algorithms and techniques
governing them, their calculation process and structure are different. The purpose
of this study is to compare the performance of the hydrological-vegetation SWAT
model and global products of WaPOR and MOD16 based on remote sensing
technique for estimating potential and actual evapotranspiration. Hence, Aji Chay
watershed, including one of the important sub-basins of Lake Urmia, is selected
as case study to investigate the purpose of this study. The Google Earth Engine
platform is used to estimate evapotranspiration through global products, which
have been developed based on different algorithms. Moreover, the SWAT model
according to the streamflows data was set up, calibrated and validated (R =
0.4~0.92) for the watershed and the values of potential and actual
evapotranspiration were simulated by the model for the period 2009-2019 with
R2 =0.95 and RMSE = 20 mm. The results of the SWAT model showed that the
average simulated actual evapotranspiration has the highest agreement with the
corresponding values of the main agricultural products presented in the national
water document for the main plains of the watershed. Comparison between the
performance of the hydrological-vegetation model with the global databases
showed that the estimated values of potential and actual evapotranspiration both
on an annual and monthly scales for the WaPOR (R? = 0.51~0.99) have the
highest agreement and consistency with the simulated values of the SWAT model
compared to the MOD16 (R? = 0.03~0.94). However, the MOD16 database has
estimated more evapotranspiration than WaPOR in most months and years of the
study. Spatial analysis of actual evapotranspiration also showed that the mapping
of WaPOR has more consistency with the land use map of the watershed.
Therefore, it is observed that net water consumption of agriculture in both
upstream and downstream regions due to the high irrigated lands in the main

plains of the watershed has increased.
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Introduction

Evapotranspiration (ET) is an important component of the water cycle. Accurate estimation of ET is
essential for water resources management and irrigation planning. Various methods have been proposed
for estimating ET, such as ground-based measurements, physically-based models, and remote sensing
products. Ground-based measurements, such as lysimeters, are accurate but limited in spatial coverage
and representativeness. Physically-based models such as SWAT are based on mathematical equations
that describe the physical processes of ET and require various input data, such as meteorological, soil,
and crop parameters. Remote sensing products, such as WaPOR and MODIS, are based on satellite
observations that provide spatially distributed and consistent information on ET. Each method has its
own advantages and disadvantages, depending on the purpose, scale, and data availability of the study.
Therefore, the objective of this study is to estimate and compare the performance of the hydrological-
crop SWAT model and remote sensing technique for estimating potential and actual ET of the Aji Chay
watershed, including one of the important sub-basins of Lake Urmia, which has been facing severe
water crisis and environmental degradation in recent decades.

Materials and Methods

The study area is the Aji Chay watershed, which covers an area of about 12600 km2 and is located in
the northwest of Iran. The watershed has a semi-arid climate with an average annual precipitation and
temperature of about 320 mm and 11.3°C, respectively. The SWAT model was used to simulate the
hydrological processes and ET of the watershed for the period 2009-2019. To set up the model, the
input data, such as DEM, land use map, soil map, meteorological data, and crop data, were obtained
from various sources. The model was calibrated and validated using the observed streamflow data and
the NSE and R2 were used as the performance criteria. The remote sensing technique was used to
estimate ET using the Google Earth Engine platform, which is a cloud-based platform for geospatial
analysis and visualization. Two global ET products, WaPOR and MODIS, were selected for comparison
with the SWAT model. WaPOR is a product developed by the FAO and provides ET data at 250 m
spatial resolution and dekadal temporal resolution for Africa and the Near East. MODIS (MOD16A2)
is a product developed by the NASA and provides ET data at 500 m spatial resolution and 8-day
temporal resolution for the entire globe. Both products are based on different algorithms and input data,
such as land surface temperature, albedo, vegetation index, and net radiation.

Results

The results of the SWAT model showed that the model was able to simulate the streamflow and ET of
the watershed satisfactorily. The average simulated potential ET (PET) and actual ET (AET) of the
watershed were 1291 and 350 mm/year, respectively, for the period 2009-2019. The average simulated
AET had the highest agreement with the corresponding values of the main agricultural products
presented in the national water document for the main plains of the watershed. The comparison between
the performance of the hydrological-crop AET both on an annual and monthly scales for the WaPOR
had the highest agreement and consistency with the simulated values of the SWAT model compared to
the MODIS. The R2 value for the relationship between SWAT and WaPOR at annual and monthly
scales was 0.63 and 0.99 for PET and 0.51 and 0.84 for AET, respectively, while the corresponding
value of R2 for the relationship between SWAT and MODIS at annual and monthly scales was 0.68
and 0.94 for PET and 0.09 and 0.03 for AET, respectively. However, the MODIS database had
estimated more ET than SWAT and WaPOR in most months and years of the study. The spatial analysis
of AET also showed that the mapping of WaPOR had more consistency with the land use map, and net
water consumption of agriculture in both upstream and downstream regions due to the high irrigated

lands in the main plains of the watershed had increased.

Discussion and Conclusion

This study compared the performance of the SWAT model and remote sensing technique for estimating
ET of the watershed. The results showed that the SWAT model was able to simulate the hydrological
processes and ET of the watershed satisfactorily, and the average simulated AET was in good agreement
with the national water document. The results also showed that the WaPOR database had a better
performance than the MODIS database in estimating ET of the watershed, both in terms of statistical
metrics and spatial patterns. The WaPOR database had a higher spatial and temporal resolution, a lower
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error, and a higher consistency with the SWAT model than the MODIS database. The MODIS database
had a tendency to overestimate ET in months and years compared to the SWAT simulation. The findings
of this study have some implications for the water resources management and planning of the watershed
and the lake. The SWAT model can be used as a reliable tool for assessing the water balance and water
consumption of the watershed and evaluating the impacts of different scenarios. The WaPOR and
MODIS databases can be used as a complementary source of information for estimating ET of the

watershed and monitoring the water productivity and water stress of the agricultural lands.
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