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Tab. 1 Basic information of the experimental field
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Fig. 1 Discrimination and selection of short-duration freeze-thaw events
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Fig. 2 Evaluation content of short-duration freeze-thaw events
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Tab. 2 Time, number and cycle frequency of events in each experimental field
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Tab.4 Copula function parameters estimation and goodness of fit test
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Tab. 5 Intensity composite index in each experimental field
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Evaluation for short-duration freeze-thaw events of seasonally frozen soil

in the headstreams of Nujiang River

ZHOU Wei'?, WENG Baisha™, YAN Denghua®, LUAN Qinghua’
( 1. Hebei Key Laboratory of Intelligent Water Conservancy, Hebei University of Engineering, Handan 056038, China; 2. State Key Laboratory of

Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower Research(IWHR), Beijing

100038, China; 3. Yinshanbeilu National Field Research Station of Steppe Eco-hydrological System, China Institute of Water Resources

and Hydropower Research, Hohhot 010020,China; 4. College of Agricultural Science and Engineering,
Hohai University, Nanjing 210098, China )

Abstract: Seasonally frozen soil is widely distributed in Qinghai-Tibet Plateau and soil freeze-thaw events occur

frequently in the headstream of Nujiang River. Due to the large altitude difference and the asynchrony of

meteorological changes between different regions in the headstream region, the occurrence of freeze-thaw events

has different characteristics and certain regularities in time and space.

To explore the characteristics of freeze-thaw in seasonally frozen soil, the short-duration freeze-thaw events that

occurred in the 5 cm surface soil of 4 typical experimental fields of the headstream region were selected. The

connotation of the short-duration freeze-thaw events was clarified and a specific identification method for these

events was proposed. The characteristics of events were evaluated and the evaluation was formed by five aspects:
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The start and end time, the total duration, the total number of times, the cycle frequency, and the intensity. In the
intensity evaluation, the Copula function method was used to combine three single indexes of temperature
difference, humidity difference, and duration to construct a more comprehensive and efficient comprehensive index,
and the two different processes of freeze and freeze-thaw are evaluated separately.

The evaluation results showed that from September 1, 2019, to August 31, 2020, the short-duration freeze-thaw
events in the 4 typical experimental fields had a maximum difference of 45 days in the start time and 64 days in the
end time. The maximum difference in the total duration, the total number of times and the cycle frequency can reach
112 days, 79 times, and 0.058 times/day, respectively. The maximum difference in the cumulative intensity and the
maximum intensity can reach 50.991 and 0.034 for the freezing process, 50.991 and 0.034 for the freeze-thaw
process.

The characteristics of short-duration freeze-thaw events in different geographical locations in the headstream of
Nujiang River are different. The events in the middle-altitude area ( 4 500 - 5 000 m.a.s.l.) showed regularity with a
longer total duration, higher total number of times, cycle frequency, and accumulation intensity than the events in
the low-altitude area (< 4500 m.a.s.l.) and the high-altitude area (> 5 000 m.a.s.l.). High-frequency or high-intensity
events can greatly affect or even destroy the soil environment. In this regard, more attention should be paid to freeze-
thaw monitoring and protection in the northern part of the basin. Freeze and freeze-thaw were two processes with
different intensity effects, and evaluated respectively can avoid the problem of weakened strength. The results are
conducive to clarifying the freeze-thaw characteristics of seasonally frozen soil in the plateau alpine region, and
reflecting the impact of short-duration freeze-thaw events, providing support for water and soil conservation, frost

heaving, thaw collapsing hazards prevention and control in the headstream.

Key words: seasonal frozen soil; freeze-thaw event; Copula function; theadstreams of Nujiang River
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