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Abstract

Based on the ERAS5 reanalysis daily snowfall data, this study analyzes the spatiotemporal evolution
characteristics of snowfall amount and snowfall days over the Songhua River Basin from 1961 to
2022, as well as their responses to climate warming. The results show that the multi-year mean
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annual snowfall amount in the basin is 32.56 mm, exhibiting an extremely significant increasing
trend (2.47 mm/10a, P < 0.01), with an abrupt change from low to high occurring in 2008. After the
abrupt change, the snowfall amount increased by 40% compared to that before the change. The
snowfall amount shows a sensitive response to the temperature abrupt change in 1987, with a lag
of approximately 21 years. The multi-year mean annual snowfall days are 24.49 d, with no signifi-
cant trend (-0.23 d/10a, P > 0.05) and no detectable abrupt change, indicating an insensitive re-
sponse to temperature increase. Spatially, both snowfall amount and snowfall days exhibit a pattern
of “more in the northeast and south, less in the west and central” regions. High-value areas are lo-
cated on the eastern side of the Lesser Khingan Mountains and the western side of the southern
section of the Changbai Mountains, while low-value areas are distributed in the hinterland of the
Songnen Plain and the southern Greater Khingan Mountains. Spatial trend analysis reveals that
snowfall amount has increased significantly in the eastern, northern, and western parts of the basin,
whereas snowfall days have decreased significantly in the same regions, with no significant changes
in the central plain area. This spatiotemporal coupling characteristic of increasing amount but de-
creasing days indicates that the increase in snowfall amount over the Songhua River Basin is pri-
marily attributed to the enhancement of single snowfall event intensity, rather than an increase in
snowfall frequency. The findings can provide scientific basis for regional water resource manage-
ment and climate change adaptation.
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2.2.2. Mann-Kendall #38 3%

Mann-Kendall %72 —FidE S8k ie 7%, HALRRA T EFEAREMN—E R0, WAZ DR EE
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Var(Sk) ( n) @4
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E(Sk ) _ n(n4+1) (2-5)
Var(Sk ) = W (2-6)
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Figure 1. Spatial distribution, Mann-Kendall test, and anomaly of annual snowfall over the Songhua River Basin from 1961
to 2022
1. 1961~2022 FEMIEILRIBEREE N H(a). RLERI(D)KREF(0)
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Figure 2. Spatial distribution of multi-year mean annual total snowfall over the Songhua River Basin (1961~2022)
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Figure 3. Spatial distribution of trends in annual total snowfall over the Songhua River Basin (1961~2022)
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Figure 4. (a) Spatial distribution, (b) Mann-Kendall test, and (c) anomaly of annual snowfall day over the Songhua River
Basin from 1961 to 2022
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Figure 5. Spatial distribution of multi-year mean annual snowfall days over the Songhua River Basin (1961~2022)
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Figure 6. Spatial distribution of trends in annual snowfall days over the Songhua River Basin (1961~2022)
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