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Co., Ltd., Xining 810008, Qinghai, China)

Abstract: [ Objective ] The continuous rise in the water level of Qinghai Lake poses a threat to surrounding ecological security and
infrastructure. Clarifying the dynamic changes in its water balance and the core driving factors is crucial for ecological protection
and risk prevention and control. [ Methods ] The distributed hydrological model SWAT, isotopic tracers, and structural equation
modeling (SEM) were used to investigate the medium-to long-term hydrological evolution and driving mechanisms of Qinghai
Lake under climate change. [ Results]The result indicated that the water level changes of Qinghai Lake exhibited distinct phased
characteristics. Before 2004, it declined at an average rate of 0. 078 m per year, and then recovered at a rate of 0. 187 m per
year, with the recovery rate being 2. 4 times that of the previous decline rate. Water balance exhibited two typical states. The
positive balance state was primarily characterized by runoff dominance (37.8% ) synergized with precipitation (31.6% ), while
the negative balance state was characterized by evaporation dominance (41.5%) and suppressed runoff (25.9%). A critical
threshold for system imbalance was identified as evaporation exceeding 40x10® m*/a and runoff below 14x10° m*/a. Groundwater

was a key regulatory component, with an average annual recharge of 8. 11x 10° m’.

Notably, the recharge in 2024 reached
(19.01+3.52) x 10* m®, with a peak summer recharge rate of (6.99+1.24) x 10° m’/d. Furthermore, the recharge in
the northern region was significantly higher than in other regions. [ Conclusion ] The spatiotemporal coupled driving mechanisms
of precipitation-runoff-groundwater recharge are revealed, providing a scientific basis for the water resource management of

Qinghai Lake.

Keywords: lake water balance; lake water level; SWAT; isotopes; SEM; hydrological components; groundwater recharge;
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Table 2 Spearman correlation analysis results between Qinghai Lake water level and climatic factors
K (ETp) FA T ( Pre) L (Tem) FRIRIE (Vap) &3 (Run)
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poondiintond I RS A B : MO T KA B K e LMWL | 317K 5 4 F

K EEHBENAN , T K R M T KA S A A T
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EIEES B 2 Ab 45 TR, LMWL 8 & F R KR K&
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Fig. 5 Analysis results of structural equation modeling of hydroclimatic elements in Qinghai Lake
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Fig. 7 Statistical characteristics of water balance components in Qinghai Lake
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Table 4  Statistical characteristics of water balance components in Qinghai Lake
i /10 m* - a7 FERE/10° m® - a™! HFK/10% m? «a”! #k/10°m® - a7t IKAEAEA/m
1962—2020 16. 17 16.51 8. 11 -39.80 0.37
1962—2004 14.29 15.90 7.77 -40. 24 -3.11
2005—2020 21.23 18.16 9. 00 -38.62 3.30
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Table 5  Sensitivity of water balance components in Qinghai Lake
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Table 6 Contribution rates of water balance components

in Qinghai Lake %

KW ¥ IEFA DTk USSR B P
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Table 7 Parameters used in '®0 mass balance model
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Table 8 Parameters used in **Rn mass balance model
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Fig. 8 Distribution of ions, radon, and salinity concentration in Qinghai Lake (circles of different sizes represent

different relative concentrations)
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