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Fig. 2 Spatial distribution of the start dates for different freeze-thaw periods in Northeast China
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Fig. 3 Spatial distribution of the annual number of days for different freeze-thaw periods in Northeast China
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Fig. 4 Trends of temporal variation of the start dates for different freeze-thaw periods in Northeast China
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Fig. 5 Temporal variation rates of the start dates for different freeze-thaw periods in Northeast China
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Fig. 6 Trends of temporal variation of annual number of days for different freeze-thaw periods in Northeast China

a. FHURRL E b. SELREMES] c. ARFRRS BN d. SERVRESH

9 200kn 7§ g 200km 0 200km 4
AL H A (d/a) = <—0.5 =1 —0.5~0.2 =3 -0.2~0.1 =31 -0.1~0.0 =7 0.0~0.1 =2 0.1~0.2 == 02~0.5 == =0.5
E7 A EZRACHL X [ PR A B R A R %3 1

Fig. 7 Temporal variation rates of annual number of days for different freeze-thaw periods in Northeast China
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Spatiotemporal variations of soil freeze-thaw state
in Northeast China based on the ERAS-LAND dataset

YUE Shuping', YAN Yechao', ZHANG Shuwen’, YANG Jiuchun’, WANG Wenjuan’

(1. School of Geographical Sciences, Nanjing University of Information Science & Technology,
Nanjing 210044, China; 2. Northeast Institute of Geography and Agroecology, CAS, Changchun 130102, China;
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Abstract: The soil freeze- thaw cycle plays an important role in land surface processes.
Repeated freeze-thaw cycles can have profound effects on land-atmosphere energy exchange,
surface runoff, plant growth, ecosystems and soil carbon & nitrogen cycles. Using spatial
analysis functions of geographical information system and python programming language, this
paper analyzed the spatial distributions and temporal variations of soil freeze-thaw state in
Northeast China based on the ERAS5S-LAND hourly soil temperature dataset for the period 1981-
2019. The results suggest that the start dates of the four soil freeze-thaw periods for the near-
surface layer are mainly determined by latitude and topography. The start dates of freeze-thaw
transition period in spring (SFTTP) and complete thawing period (CTP) show a southeast-
northwest gradient with later starts in the northwest part, while the start dates of freeze-thaw
transition period in autumn (AFTTP) and complete freezing period (CFP) exhibit a latitudinal
pattern with earlier starts in the north. For most parts of the study area, the average annual
number of days for SFTTP is less than 30, with higher values in the south and west compared
to the north and east. The number of days for AFTTP, however, is below 10 per year for most
parts of the region, with just a slight difference in the study area. The CTP is the longest
compared to the other three periods, varying from 150 days in the northwest to 240 days in the
southeast. The CFP, which comes next, ranges from 90 to 180 days per year, presenting a
dustpan- shaped spatial pattern with higher values in the north and lower values in the south.
Trend analysis shows that with the advance of start date for SFTTP and the delay of start date
for AFTTP, the number of days for CTP has increased with a rate of 0.2 d/a. The number of
days for SFTTP in the Liaohe Plain, the western part of the Da Hinggan Mountains and the
northern part of Hulun Buir Plateau shows a decreasing trend, while in other regions an
increasing trend is observed. In the western part of the Da Hinggan Mountains and the northern
part of the Hulun Buir Plateau, the CTP starts earlier. The start date of AFTTP is significantly
delayed in the Songnen Plain and Changbai Mountains, and the trend for the number of days
varies substantially with an increase in the north and a decrease in the south. The start date for
CFP occurs later in the vast area of the Northeast China Plain and occurs earlier in the Da
Hinggan Mountains, Xiao Hinggan Mountains, Changbai Mountains, Eastern Liaoning
Peninsula and Western Liaoning Hills. The number of days for CFP shows a declining trend
throughout the study area, especially in the seasonally frozen area located in the central part
with an annual decreasing rate of more than 0.2 d/a.

Keywords: ERAS- LAND; soil freeze- thaw state; frozen soil; spatio- temporal variations;
Northeast China



