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Abstract

In this paper, the daily maximum and minimum temperature and daily precipitation data from the
Meteorological Information Centre of the National Meteorological Service, as well as ERA5 and
NCEP/NCAR reanalysis information are used, and Mann-Kendall mutation test and synthetic anal-
ysis method are mainly applied to analyze the spatial and temporal variability characteristics of
low-temperature freezing rain and snow events in winter in Southwest China and anomalous
large-scale circulation characteristics. The results show that: 1) Low-temperature freezing rain
and snow events in winter in Southwest China have an inter-decadal oscillation characteristic of
“more and less”, with an abrupt change around 1994 and a significant downward trend from the
21st century onwards. 2) The occurrence area was mainly from the western Sichuan Plateau to
central Guizhou, with the highest frequency in central Guizhou in January and decreasing in Feb-
ruary, while the frequency increases in the western Sichuan Plateau. 3) In years of high incidence,
there is an abnormal cyclonic circulation from Lake Baikal to the Jianghuai region of China, and an
abnormal westward extending high circulation system from the South China Sea to the South China
Sea of Southwest China. The cold air moving southward along the west side of the abnormal cyclonic
circulation converges with the warm and humid air on the northwest side of the abnormally high
circulation in Southwest China, forming low-temperature rain and snow weather. On the contrary,
in years of low incidence, the variation characteristics of atmospheric circulation field are oppo-
site to those in years of low incidence, which is not conducive to the occurrence of low-temperature
freezing rain and snow events.
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Figure 1. Standardized time series and M-K test for low-temperature freezing rain and snow events
in winter in southwest China
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Figure 2. Spatial distribution of low-temperature freezing rain and snow events in winter in Southwest China
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Figure 3. Standardized frequency and standardized precipitation of low-temperature freezing rain and snow events in
Southwest China
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Figure 4. Synthesis of the 500 hPa geopotentic height field distance level between years
of high- and low-occurrence of low-temperature freezing rain and snow events in winter
in Southwest China (unit: gpm): (a) Years of high occurrence; (b) Years of low occur-
rence, punched as passing 95 percent significance test
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Figure 5. Synthesis of 500 hPa wind field distance level between years of high-
and low-incidence of low-temperature freezing rain and snow events in winter in
Southwest China (unit: m-s3): (a) (a) Years of high occurrence; (b) Years of low
occurrence, red arrows indicate passing the 95 percent significance test
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Figure 6. Synthesis of 2 m temperature field distance level between years of
high- and low-incidence of low-temperature freezing rain and snow events in
winter in Southwest China (unit: °C): (a) Years of high incidence; (b) Years of
low incidence, punched as passing 95 per cent significance test
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Figure 7. Synthesis of whole-layer water vapor (surface to 500 hPa) transport
flux spacing distance level between years of high- and low-incidence of
low-temperature freezing rain and snow events in winter in Southwest China
(unit: g-em hPa *s™): (a) Years of high occurrence; (b) Years of low oc-
currence, red arrows indicate passing the 95 percent significance test
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Figure 8. Synthesis of 850 hPa vertical velocity field distance level between years of high- and
low-incidence of low-temperature freezing rain and snow events in winter in Southwest China (unit; Pa-s™):
(@) Years of high incidence; (b) Yars of low incidence, punched as passing 95 per cent significance test
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