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Fig.1 Flowchart of the process used to predict the seasonal maximum freezing depth
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Fig.2 Distribution of ground-based observation sites
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Fig. 3 The importance rank of predictors
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Table 1 The accuracy and uncertainty of simulation
results of the maximum freezing depth of seasonally
frozen ground in Northwest China and

Tibet from 1960s to 2010s
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Fig. 4 The spatial distribution of the seasonal maximum freezing depth in northwest China and Tibet from 1960s to 2010s
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Fig. 5 The average soil maximum freezing depth in

northwest China and Tibet from 1960s to 2010s
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Decadal Dataset of the Seasonal Maximum Freezing Depth with
1 km Resolution from 1961 to 2020 in Northwest China,
Tibet and Surrounding Area’

WANG Bingquan'?, RAN Youhua'*

(1.Northwest Institution of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou
730000, China ;2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The maximum freezing depth is an important indicator for the thermal state of seasonally frozen
ground, and its changes have an important impact on the regional water cycle, ecological processes and
engineering stability. This paper released a soil maximum freezing depth grid dataset for 10-year period from
1961 to 2020 in Northwest China and Tibet, with a spatial resolution of 1 km. The dataset was produced by
integrating downscaled and bias corrected weather data, elevation and soil properties using a support vector
machine model with 200 ensemble simulations. The 10-fold cross-validation shows that the accuracy of the
support vector machine model is acceptable [ R’ = 0.70 = 0.29, RMSE = (23.63 + 10.30) cm, bias = (-0.77 +
6.01) cm]. Validation using in-situ data shows that the R’ for the four periods 1980s, 1990s, 2000s and 2010s
are 0.77, 0.83, 0.73 and 0.71 respectively, and the RMSE are 27.14 cm, 22.42 cm, 21.63 cm and 23.58 cm
respectively. The uncertainty of the simulation results is stable throughout the simulation period. Based on this
dataset, we found that the soil maximum freezing depth in the Northwest China and Tibet decreased significantly
between 1960s and 2020s, with an average rate of 3.02 cm per decade. The dataset can be downloaded via the
National Tibetan Plateau/Third Pole Environment Data Center (DOI: 10.11888/Geocry.tpdc.271774).

Key words: Third Pole; High Mountain Asia; Seasonally frozen ground; Active layer; Machine learning.

* Foundation item: Project supported by the National Natural Science Foundation of China "Statistical prediction of the permafrost degrada-
tion impact on infrastructure future cost in Tibetan Plateau" (Grant No.42071421).
First author: WANG Bingquan (1997-), male, Nanyang City, Henan Province, Master student. Research areas include application of
remote sensing and GIS in cryospheric research. E-mail:wangbingquan@nieer.ac.cn

* Corresponding author: RAN Youhua (1980-), male, Zhenyuan County, Gansu Province, Associate professor. Research areas include
application of remote sensing and GIS in ecohydrology and cryospheric research, science data integration, management and service.

E-mail:ranyh@lzb.ac.cn



