Spatio-temporal Estimation of Actual Evapotranspiration in the Hirmand River
Basin Using the SEBAL Algorithm and Remote Sensing Data

ABSTRACT

Actual evapotranspiration (ETa) is the important component of the water balance in arid and semi-arid basins, and its quantitative
estimation is essential for sustainable water resources management. In this study, the spatiotemporal distribution of ETa across the
Hirmand (Helmand) River Basin (~280,000 km?) was estimated for 2023 using the Surface Energy Balance Algorithm for Land
(SEBAL) implemented within the Google Earth Engine (GEE) cloud computing platform. Input datasets comprised MODIS surface
reflectance (MODO09GA), land surface temperature (MOD11A1), and ERA5-Land atmospheric reanalysis products. Mean annual ETa
across the basin was estimated at 670 mm/year, following a clear decreasing gradient from the mountainous headwaters (>1,100
mm/year) to the arid lowland plains (<100 mm/year). Seasonal ETa peaked in spring (745 mm/season) and agproached zero in winter.
Correlation analysis revealed that net radiation (R = +0.703) and land surface temperature (R =—0.933) exhib e
and negative associations with ETa, respectively, while NDVI (R = +0.372) and surface albedo (R = —0.05
weaker relationships. Validation against the MOD16A2GF product yielded a correlation of = 0.858 anl
of R?=0.736, confirming the reliability of the spatial distribution pattern. The systgmatic overestimation 0
(PBIAS = +283.9%) is attributed to differences in the computational approach

water resources management and transboundary water diplomacy in the Hirmand Basin.
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Introduction
Actual evapotranspiration (ETa) is a key co
balance, particularly in arid and semi-grid rggions

the hydrological cycle and water
ater resources are severely limited.

often constrained by sparse observation
transboundary basins. A‘ances n r
regional-scale estimation of ETa throu

cloud-computing platforms have enabled
alance models. Among these approaches,
BAL) has been widely applied due to its strong
d observations. Despite the strategic importance of
nsive basin-scale assessments of ETa using SEBAL remain
to estimate the spatiotemporal distribution of ETa across the
Helmand Basi i MODIS remote sensing products and meteorological data within
1 ) environment.

80,000 km? across Afghanistan, Iran, and a small part of Pakistan. MODIS surface
reflectance (MODO09GA) and land surface temperature (MODI11AT1) products were used to derive
biophysical parameters including the Normalized Difference Vegetation Index (NDVI), surface
albedo, fractional vegetation cover, and surface emissivity. Meteorological variables required for
energy balance calculations were obtained from the ERAS-Land reanalysis dataset.The SEBAL

algorithm was implemented in Google Earth Engine to estimate latent heat flux and actual
evapotranspiration based on the surface energy balance equation. Net radiation (Rn), soil heat flux
(G), and sensible heat flux (H) were calculated for each pixel, and ETa was derived as the residual
energy component. Hot and cold pixels were selected using a combined NDVI-LST approach to



account for the heterogeneous environmental conditions of the basin. Annual and seasonal ETa maps
were generated for 2023. Validation was performed through pixel-wise comparison with the MOD16
evapotranspiration product using statistical indicators including Pearson correlation coefficient (R),
coefficient of determination (R?), root mean square error (RMSE), mean absolute error (MAE), and
percent bias (PBIAS).

Results and Discussion

The annual mean ETa of the Helmand Basin was estimated at approximately 670 mm year™.
Spatial analysis revealed a clear decreasing gradient from the mountainous upstream regions to the
arid downstream areas. The highest ETa values (>1100 mm year™!) occurred in h itude regions
and irrigated agricultural lands Whereas the lowest Values (<100 mm year'l) ere in barren

spring,

conditions. Correlation analysis indicated that net radiation exWgbi strongest positive
relationship with ETa (R = +0.703), highlighting the domin ailatﬁnergy in

irati g negative
correlation (R =—0.933), reflecting the coolin i ated and irrigated

ETa relative to MOD16 (PBIAS = +28
structure, the tendency of MODI16 to i Ta in arid environments, and uncertainties

Conclusion

This study s mporal distribution of actual evapotranspiration
across the Helman&‘ AL algorithm and remotely sensed data within the
Google Earth Engine s demonstrated substantial spatial variability in ETa, controlled
primarily by topography, la 1, water availability, and energy inputs. Net radiation and land
surface tempe @enlified as the most influential factors governing ETa variability.
Although validati nfirmed the capability of SEBAL to reproduce spatial ETa patterns,

further 1mrovement olute estimates requires local calibration using field observations such as
flux towSgg measurements. The generated ETa dataset provides valuable information for

Helmand Ba$
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