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The role of permafrost in ecological resilience of alpine grassland and spatial heterogeneity in the
source regions of Yangtze and Yellow Rivers

Under the context of human activities and climate warming, the change in permafrost has affected the alpine grassland
ecosystem. To describe the ecological resilience of alpine grassland in a more objective manner, the factor of frozen soil has
to be considered. In this paper, using the structural dynamics method, we established the structural dynamics model of ecological
resilience for alpine grassland from the aspects of grassland quality, grassland intervention, grassland potential and grassland
pressure dimension, analyzed the variation in the grassland ecological resilience of permafrost regions and its sensitivity to the
change of permafrost, and also quantified the contribution rate of permafrost active layer change to the ecological resilience of
alpine grassland. The results indicated that (1) the ecological resilience of grassland in permafrost regions showed an increasing
trend, especially after 1997, which is the integrated results of precipitation, air temperature in grassland growing season (April
to September), NPP and ecological protection projects; (2) the sensitivity of ecological resilience of grassland to the variation in
permafrost active layer was complicated, experiencing the course of sensitivity, high sensitivity and low sensitivity. Geographically,
the sensitivity of northern and western regions was overall higher than that of southern and eastern regions. The shape of the high
sensitive zone gradually changed from island to band shape and from island to plane shape; (3) grassland ecological resilience was
reduced as the increase in the thickness of permafrost active layer. The contribution rate of permafrost to the grassland ecological
resilience was -4.3%, that is, a 0.04 unit reduction in the resilience is caused by every 1 unit increase in the thickness of permafrost
active layer.
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