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Seasonal Permafrost Degradation Characteristics in Southern
Part of Greater Khingan Mountains under Climate Change

SUN Yi-chen'?, WEI Jiang-sheng"*°, SHU Yang®, ZHAO Peng-wu?®, QI Gui-ping®, ZHANG Jing’

(1. College of Grassland Resources and Environment, Inner Mongolia Agricultural University, Hohhot 010011, Inner Mongolia,
China; 2. Saihanwula National Forest Ecosystem Research Station, Chifeng 025150, Inner Mongolia, China; 3. College of
Forestry, Inner Mongolia Agricultural University, Hohhot 010019, Inner Mongolia, China; 4. Inner Mongolia Key Laboratory of
Soil Quality and Nutrient Resource, Hohhot 010018, Inner Mongolia, China; 5. Key Laboratory of Agricultural Ecological
Security and Green Development at Universities of Inner Mongolia Autonomous, Hohhot 010018, Inner Mongolia, China;

6. Qingshan Forest Farm, Chifeng 024200, Inner Mongolia, China; 7. Saihanwula Nature Reserve
Administration, Chifeng 025150, Inner Mongolia, China)

Abstract: [Objective] Seasonal permafrost degradation directly changes water recharge at the beginning
of the growing season, which in turn affects regional forest health. At present, the degradation of perma-
frost in Southern Part of Greater Khingan Mountains is still unclear, especially the degradation characterist-
ics under climate change. [Method] : In the long-term experimental forest of Saihanwula National Nature
Reserve in Inner Mongolia, environmental factors such as air temperature, soil temperature, and volumet-
ric soil water content were observed from 2014—2022 to analyze the characteristics of permafrost degrad-
ation in forest seasons. [Result] : The temperature in Southern Part of Greater Khingan Mountains rose in
shortly. The rise rate of annual average temperature was 0.42 °C-(10 a)™' in 1997—2022, which was larger
23.5% of the rate of 0.34 °C-(10 a)™" in 1973—1996, in Southern Part of Greater Khingan Mountains. It is
particularly significant that the average temperature during the freeze-thaw period (i.e., November to June)
rose faster with the rate of 0.46 °C-(10 a)™'. The freeze-thaw pattern of soil was characterized by top-down
unidirectional freezing and unidirectional melting; The freezing rate and thawing rate became faster with in-
creasing soil depth, reaching a maximum in the 40~ 80 cm soil layer (freezing rate 2.23 cm-d™", thawing
rate 4.50 cm-d™"). Seasonally frozen soil continued to degrade, with the observed maximum freezing depth
reduced from 80 cm to 40 cm. The freeze-thaw period was significantly shortened, the start of freezing was
delayed, and the complete thaw time was advanced, resulting in a shortening of the annual freeze-thaw
period by 15.21%. Applying the freeze-thaw multiple linear regression model established in this paper, the
contribution of elevated air temperature accumulation to seasonal permafrost degradation in the study area
was more than 90%. [Conclusion] : In the Southern Part of Greater Khingan Mountains, permafrost de-
gradation is mainly characterized by shortening of the freeze-thaw period, and warmer temperatures are
the main driver of seasonal permafrost degradation, making it necessary to monitor changes in seasonal
permafrost in the future for better forest management.

Keywords: climate change; seasonal permafrost; permafrost degradation; freeze-thaw period
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