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Abstract

Based on the observed daily values of freezing rain in northeast Yunnan from 1991 to 2021, the
climatic characteristics and influencing factors of freezing rain in northeast Yunnan were analyzed
in this paper. The results show that the freezing rain mainly occurs from December to January in
northeast Yunnan. The frequency of occurrence generally showed a weakening trend, and there was
a significant mutation in 2014 /2015, which changed from more to less. When there is more freezing
rain, the blocking high and cutting low near the Ural Mountains are stronger, the geopothetic height
of the whole Arctic and southwest China presents a negative anomaly, the temperature field in Eur-
asia presents a negative anomaly in a wide range, and the eastern Europe presents a strong anticy-
clonic circulation, which is conducive to the movement of cold air from the polar regions to Siberia.
When there is less freezing rain, the blocking low is located to the east, and the geopotentic height
and temperature field anomalies are opposite to those in the past few years. The occurrence of
freezing rain is associated with sea surface temperature (SST) anomalies of La Niiia type in the equa-
torial Middle Eastern Pacific and the North Atlantic tripole type. The relationship between the oc-
currence of freezing rain and SST in the equatorial Middle East Pacific from 1991 to 2014 is obvious,
and the relationship between the occurrence of freezing rain and the SST in the Northwest Pacific
and the sea ice in Baffin Bay from 2015 to 2021 is obvious. The forecast model of freezing rain is
established respectively, and it is found that the simulation of freezing rain occurrence times from
2015 to 2021 is better.
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Figure 1. Total number of ZR occurrence at each station in northeast Yun-
nan (Qujing and Zhaotong) from 1961 to 2021
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Figure 2. Monthly distribution (a) and interannual variation of ZR frequency (b) (The red line: Frequency of ZR from Decem-
ber to February, the blue line: Frequency of ZR from November to April)
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Figure 3. Continuous power spectrum of ZR frequency (December~February)
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Figure 4. Time series of anomalies of ZR frequency in Eastern Yunnan winter (Decem-
ber~February) (The blue dotted line: Linear regression trend, the red dotted line: Mov-
ing average, the black dotted lines: Plus or minus 0.85 standard deviation)
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Figure 5. Mann-Kendall test of the annual frequency of ZR (December~February)
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Figure 6. Geopotential height anomaly of the years of more ZR in winter (December~February)

6. FRREMRIREFEEF(12 A2 ANEESERE

TR (K (), SMZEMMIL, FHE RO E ML, HERERMEMmMAR, FEHRT
FEEMRE R FILULLHAS, PR RN . 7Y R AR A 3 e R AR, AR
SRS, ARIT R A AR X AL B R AEEESF, AUARIR R R S, AR A R SR SR A
R Ao S B PR  3 W R DUV IE R S5 HRRE, g R4 ) 1~2 AT B o A
PR B s DXCRE AR, B v B2 S W T v, SERCOR R A R B 2 B “AIR - - AR RO AL, DU R X A 3
e PSR e, Y AU X AR, AR T A A

(a) 500hPa (b) 700hPa
80°N — 0N e
40°N s 40°N =
ST e : e (. =
"Ry ‘ - e :
- E L - s e BN
40°S 40°S
80°S 80°S P
0° °E 180° 120°W 60°W  0° 0° 60°E 120°E 180° 120°W 60°W  0°
© 850hPa () 1000hPa
80°N ; = BO°N v R

40°N

40°N
0° =
40°s 40°S
80°SE—— " 80°S —
0° 60°E 120°E 180° 120°W 60°W  0° 0° 60°E 120°E 180° 120°W 60°W  0°

,'\\Q,’\QQ /QQ Sbg :\Q ,‘bQ ?)Q yﬁ ﬁbQ fI,Q }\Q NN '19 'bQ w @Q S O %Q QQ\QQ\,\Q

((a): 500 hPa, (b): 700 hPa, (c): 850 hPa, (d): 1000 hPa, the dot area: Passed the significance
test of 0.05, the solid line: Climatic mean height field, the star: The study area)

((a) 500 hPa, (b) 700 hPa, (c) 850 hPa, (d) 1000 hPa, T4 [Xi%: JEiL 0.05 F) &M
K6, segk: AURFHMHEED, B BIRXE)

Figure 7. Geopotential height anomaly of the years of less ZR in winter (December~February)
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Figure 8. The temperature anomaly of the years of more ZR in winter (December~February)
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Figure 9. The temperature anomaly of the years of less ZR in winter (December~February)
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Figure 10. The sea surface temperature anomaly of the years of more and less ZR
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F12~2 H, (e): 2015~2021 £/ 3~5 H, (f): 2015~2021 5] 6~8 A, (g): 2015~2021 EH] 9~11
H, (h): 2015~2021 4 12~2 H, T siX3k: @it 0.05 B3E AL

Figure 11. The Arctic sea ice intensity anomaly of 1991 to 2014 and 2015 to 2021
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Table 1. Distribution of key forecast areas of the years of more and less ZR during 1991~2014 and 2015~2021
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((a): Key forecast areas of sea surface temperature of the years of more ZR, (b): Key forecast areas of sea ice
intensity of the years of more ZR, (c): Key forecast areas of sea surface temperature of the years of less ZR,
(d): Key forecast areas of sea ice intensity of the years of less ZR) ((a): W% FEHRHRFIRFHX, (b): W
ZAPHFUK R LR CREX S (o) M FIHR TR, (d): M/ KRS B R T R A IX))

Figure 12. Distribution of key forecast areas (blue box) of sea surface temperature and sea ice intensity of the
years of more and less ZR
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