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Article Info ABSTRACT

Article type: Research Article This study evaluates the accuracy and performance of the FAO WaPOR version 2 model

product for reference evapotranspiration (ETo WaPOR) in comparison with corresponding
estimates derived from the FAO Penman-Monteith equation using meteorological station data
across various climate zones in Iran. A total of 42 stations located in northern and northeastern
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approximately 20%. In contrast, in humid and sub-humid climates, the R2 and nRMSE were
0.83 and 26%, respectively. The model's bias was negative in arid climates and positive in
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However, its performance in humid climates requires further optimization.

Cite this article: Khayat, F., Mirlatifi, S. M., Shafizadeh-Moghadam, H., Tabatabaii, S.H., (2025) Climatic Assessment of FAO
WaPOR Reference Evapotranspiration Product, Iranian Journal of Soil and Water Research, 56 (10), 2825-2844.
https://doi.org/10.22059/ijswr.2025.398584.669975

© The Author(s). Publisher: University of Tehran Press. |@ @ @
DOI: https://doi.org/10.22059/ijswr.2025.398584.669975



mailto:fatemehkhayat@modares.ac.ir
mailto:mirlat_m@modares.ac.ir
mailto:h_shafizadeh@modares.ac.ir
https://doi.org/10.22059/ijswr.2025.398584.669975
https://doi.org/10.22059/ijswr.2025.398584.669975
https://orcid.org/0009-0007-6412-8694
https://orcid.org/0000-0002-3828-5625
https://orcid.org/0000-0003-0651-3723
https://orcid.org/0009-0004-9676-030X
https://creativecommons.org/licenses/by-nc/4.0/

Iranian Journal of Soil and Water Research, Vol 56 (10) 2826

EXTENDED ABSTRACT

Introcution

Water is a fundamental agricultural input and the most limiting factor for production in arid and semi-
arid regions. In Iran, with its diverse climatic zones, water resources are under increasing pressure due to
population growth, reduced per capita water availability, and the intensification of agricultural activities.
Inefficient water use and irrigation practices exacerbate these challenges, making it essential to optimize
irrigation systems for sustainable water management. Reference evapotranspiration (ETo) plays a critical role
in estimating crop water requirements, influencing irrigation scheduling and water resource management. The
FAO Penman-Monteith equation, widely recognized as the most accurate method for ETo estimation, requires
extensive meteorological data that may not always be readily available. This limitation has led to the use of
satellite-based data, such as those provided by the WaPOR platform, which offers free, daily ETo data with a
20 km spatial resolution since 2009. This study aims to assess the performance of WaPOR's ETo data by
comparing it with ground-based measurements across various climatic zones in Iran, providing insights into
its potential for improving water management in agriculture.

Method:

This study was conducted in six northern and northeastern provinces of Iran, including Gilan,
Mazandaran, Golestan, Semnan, North Khorasan, and Razavi Khorasan, which have diverse climates and
rainfall amounts. Meteorological data, including minimum and maximum temperature, relative humidity, wind
speed, sunshine hours, and precipitation, were collected from 42 synoptic stations in the region over a 14-year
period (2009-2022). The Aridity Index (Al) for each station was calculated using the FAO Penman-Monteith
equation, and the climates were classified into humid, semi-humid, dry semi-humid, dry, and semi-arid
categories. Additionally, reference evapotranspiration (ETo WaPOR) data from the WaPOR platform with a
20 km spatial resolution were obtained for further analysis. These data were extracted on a daily, ten-day, and
monthly basis and compared with station data to assess the accuracy and performance of ETo waror. T0 balance
the results, four stations from each climate zone were selected and analyzed. Moreover, the radiative and
convective components of ETo were calculated to distinguish between dry and humid climates. Finally,
reference evapotranspiration (ETo waror) data during the wheat and rice growing seasons were analyzed to
evaluate the accuracy of the WaPOR model using four statistical indices, including (R2), (RMSE), (nRMSE),
and (MBE).

Results:

The results of the study indicate that the performance of the ETo wapor product in estimating reference
evapotranspiration (ETo) is influenced by climatic conditions. At different time scales, especially the daily
scale, the correlation between WaPOR data and station values is generally high, but this correlation is higher
in dry climates compared to humid climates. In dry climates, the coefficient of determination (R?) was on
average 0.86, and the nRMSE was around 25%, whereas in humid climates, these values decreased to 0.82 and
39%, respectively. These differences emphasize the importance of considering climatic characteristics when
using remote sensing products. Additionally, the bias error analysis indicates that in humid climates, WaPOR
tends to overestimate values, and this tendency increases with higher humidity in the climate.

Conclusion:

The results of this study indicate that the WaPOR model performs better, especially in dry and semi-arid
regions, and shows higher accuracy in estimating reference evapotranspiration (ETo) at longer time scales,
such as the monthly scale. This improved performance is due to the reduction of short-term fluctuations and
sampling errors at larger time scales. However, in more humid climates, the WaPOR model requires further
adjustments, as the correlation between satellite data and ground-based values decreases and errors increase.
Specifically, in more humid climates with higher radiative flux, the model's accuracy decreases, whereas in
drier climates with higher convective flux, the model's accuracy improves. These findings emphasize that the
WaPOR model requires bias correction and model optimization in humid regions. Furthermore, the results
suggest that for the effective use of WaPOR data in management and agricultural studies, emphasis on regional
accuracy and bias correction is essential, especially in humid climates where overestimation tendencies exist.
Ultimately, this research can serve as a foundation for designing more accurate models to predict
evapotranspiration under different climatic conditions and demonstrates that the WaPOR model is a suitable
tool for irrigation planning in dry and semi-arid regions, but requires further optimization in humid areas.
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