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Fig.4 Intra-year dynamic change of the suprapermafrost water table with different altitudes on the slope
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content in alpine frost meadow soil in the permafrost region of

Dynamics and Simulation of Suprapermafrost Water in
Permafrost Regions: A Case Study of the Fenghuoshan
Watershed on the Qinghai-Tibetan Plateau

ZOU Xi'"*, WANG Genxu'”" , WU Bigiong”, SONG Chunlin', GUO Linmao'”, LI Jinlong'

(1. a. College of Water Resource & Hydropower;b. State Key Laboratory of Hydraulics and Mountain River
Engineering, Sichuan University, Chengdu 610065;2. China Yangtze Power Co. , Ltd. , Yichang 443002, Hubei, China)

Abstract; Suprapermafrost water, a crucial layer in the hydrological cycle of permafrost regions, plays a pivotal
role in deciphering groundwater dynamics and enabling reliable predictions in permafrost environments. However,
limited by the lack of in-situ monitoring data of suprapermafrost water in the Qinghai-Tibetan Plateau and the
absence of robust mathematical frameworks tailored to permafrost hydrogeology, the accuracy of spatio-temporal
predictions for suprapermafrost water dynamics is insufficient to meet the needs of scientific research and
engineering practice.

In this study, it selected the Fenghuoshan watershed (altitude: 4063 —5398 m) , a representative permafrost
region on the Qinghai-Tibetan Plateau, as research target. It utilized in-situ meteorological data ( accuracy:
+0.1 °C/ 0.1 mm), daily soil water-heat (accuracy: =1 °C/+0.03 m’ - m ™), and suprapermafrost water
table (resolution: = 0. 14 cm) monitoring data in the period of 2021 — 2023 to intepret the spatio-temporal
interactions and spatial heterogeneity of the three variables at the hillslope scale. Multiple factors such as air
temperature, precipitation, soil temperature-humidity, and initial water table were integrated into a permafrost
hydrological prediction model based on the Long Short-Term Memory (LSTM) neural network, with its adaptability
evaluated.

(1) Supra-permafrost water tables exhibited pronounced seasonal variability, synchronized with intra-annual

fluctuations of soil temperature/moisture in active-layer. A Boltzmann function-based model effectively captured
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phase transition dynamics during freeze-thaw cycles, achieving a mean goodness-of-fit of 0. 90.

(2) A novel Long Short-Term Memory ( LSTM) neural network model, specifically optimized for permafrost
hydrology, demonstrated exceptional predictive capability across diverse slope positions. The model attained an
average Nash-Sutcliffe efficiency coefficient (NSE) of 0. 82.

(3) Sensitivity analysis revealed that the model maintained an NSE of 0.72 using only temperature,
precipitation, and initial water tables as inputs. Incorporating soil hydrothermal parameters enhanced simulation
accuracy by an average of 8.9% , offering a practical solution for data-scarce permafrost regions.

The proposed multi-factor input modeling framework overcomes the physical limitations of conventional
hydrological models, offering a robust technical tool for water resource management and ecohydrological system

stability in plateau permafrost regions.

Key words: permafrost ; suprapermafrost water;soil temperature/moisture ; simulation of groundwater table ; LSTM

(REHE F %)



