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Abstract

In alpine regions such as the Qinghai-Xizang Plateau, the water cycle is highly dynamic and complex, with
evapotranspiration playing a pivotal role in regulating regional water availability. However, the traditional
SWAT (Soil and Water Assessment Tool) model is constrained by the limited parameterization accuracy of
vegetation canopy conductance, introducing significant uncertainty into water cycle simulations and under-
mining the reliability of water resource assessments and management. To address this limitation, this paper
integrated the Irmak canopy conductance model into SWAT model, developing a modified SWAT-I model,
which was applied and validated in the Lhasa River Basin. The results demonstrate that: 1) SWAT-I model
significantly enhances hydrological process simulations, with Nash-Sutcliffe efficiency coefficients for runoff
improving by 8.11% and 4.23% during the calibration and validation periods, respectively, compared to the
original SWAT model; 2) The multi-factor parameterization scheme of canopy conductance in SWAT-I im-
proves ET simulations, increasing R? by 57.14% and reducing PBIAS by 28.71%; 3) SWAT-I model reveals
strong spatial heterogeneity in ET, with annual ET increasing at a rate of 9.94 mm/a from 2000 to 2017, and
ET in the downstream low-elevation areas significantly exceeding that in upstream high-elevation regions;
4) The relationship between precipitation and runoff shows an altitudinal gradient, with weak correlation
in the glacier-fed upper reaches (correlation coefficient is about 0.50), while in the precipitation-dominated
middle and lower reaches, the correlation exceeds 0.70, consistent with water source partitioning theory.
These findings demonstrate that the SWAT-I model, incorporating the Irmak canopy conductance model,
substantially improves the accuracy of evapotranspiration and runoff simulations, providing a robust mod-
eling framework for the precise management of water resources in alpine basins under climate change.
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