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Abstract Extreme low temperature events often lead to significant impacts on residents' lives
and crop growth. Therefore, it is important to analyze the causes of extreme low temperature

events. Based on the temperature observation data of CNO05.1 and reanalysis data of ERAS
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during the period of 1980-2022, this study focuses on the spatial and temporal distribution
characteristics of the extreme low temperature event that occurred in the South China
(20°N-30°N, 100°E-122°E) in May 2022 and reveals the circulation background and possible

factors affecting this event. The analysis reveals that the intensity of this extremely low
temperature event is strong, the temperature is lower than 3 standard deviations compared with
the average state of May 1980-2022. Besides, the cold lasted as long as 31 days and affected
more than 1.5 million square kilometers. Therefore, it was the strongest extreme low temperature
event since 1980. Further analysis shows that there was a significant wave train in the middle
troposphere over the middle and high latitudes of Eurasia, and also an anomalous low pressure
over South China, which made the cold air in the middle and high latitudes move deep south. At
the same time, the re-intensified La Nifa in the equatorial Middle East Pacific made the
convective suppression center more westerly and stronger, and the related Rossby wave formed
an anomalous anticyclone in the east of the Philippines. Then the southerly wind on the west side
of this anticyclone transported warm and humid air from the ocean to South China, converged
with the cold air to generate convection which significantly reduced the surface net shortwave
radiation and made the temperature lower. Therefore, the extremely low temperature event in
South China in May 2022 is the result of the joint action of the circulation related to cold air
activity and the Philippine anticyclone. Using these two factors to construct the fitting equation,

the reproduced temperature can reach -2 standard deviation.

Keywords: Extreme low temperature, Anomalous anticyclone, La Nifia
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W R/ E R R [E AR (Wang et al., 20000 . 7E El Nifio E& 25, 1 [H A #S1E 5 f
%, La Nifla £ I NA S (25424, 1989; Zhangetal., 1996) , [Kt, ENSO &3 50
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Fig. 1 (a) Mean temperature anomaly in May 2022 (shading, unit: °C) and (b) the daily standardized series of the
mean temperature (bar) in South China (black box in figure 1a, 20°N-30°N, 100°E-122°E).
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Table. 1 Ranking of low temperature events in May in South China

P S R R (] 1k H SV

(Bfir:°C) Az KD (Ml 2°C,
(VRN i N

2022 -2.26 31 4.28-5.29 150

2 1999 -1.14 28 4.27-5.13 5

5.21-5.31

3 1981 -1.10 21 5.11-5.31 0

1990 -1.02 19 5.13-5.31 15

5 1984 -0.90 15 5.14-5.28 0
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Fig. 2 (a) Standardized series of monthly mean temperature (bar) in South China during May 1980-2022 and (b)
scatter plot of low temperature events (excluding events with duration less than 5 days) with daily mean
temperature below the climate state (1980-2022). The scatter color indicates the daily temperature anomaly,

unit: °C.
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Fig. 3 (a, c¢) Spatial distribution and (b, d) PC series of (a, b) the first mode and (c, d) the second mode of EOF
decomposition of average temperature in May in South China from 1980 to 2022.

4 XK REHRATEERE

RSO HT R 2022 A5 5 7 R AR A E R 7 X ARIR G R O iZ X 1980 A LUK AR
i RIGIR A, B4, R G s 1 AR o AR 2 % 2022 45 5 1 v E R U7 X
850hPa Ul BEAT R EE T AR 12 T, il 4 B, B Ra T AL (5 A5 5= A 5
BB, WEE T AURS &I, B —uou /ox « —vov /dy « (-0T / op+RT / C,P)a FIHE S
BT AR TME. WS RRE (K4, KES s E Fl TR R F 4
B, Rh 5 KRB R (—v'oT /dy fl—v'oT"/ oy ) SIS R HE B (O,
e U ARGR S ) 32 2 STk

Lat=20~30°N

heat budget(W/m?) Lon=100~122°E

20 1

10 A

—10 -

_20 4

—30 1

. . . . . ; . .
_u/g_z _v/g_; _U'Z_Z’ —v’%—; _a%_)T(' _\733_;' w'o wo Wi Qpuwrr Qnswrr Qi Qsherr

B4 xf2022 4 5 HorEEG7 X 850hPa “IRBEAT IR T AL T & oA, B4z W/m?
Fig. 4 The distributions of temperature equation budget of 850 hPa in South China in May 2022, unit: W/m?.
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Fig. 5 The spatial distributions of (a) —v'0T /dy , (b)—v'0T"/dy and (c) O,y In the temperature equation

budget in May 2022 and (d) the daily evolution of the average of three items in South China, the red line, black
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Fig. 6 (a) The geopotential height anomalies (shading, gpm) and wind anomalies (vectors, m/s) in May 2022. (b)
The correlation coefficient between the temperature in South China and the 500 hPa geopotential height in the
same period (shading), dots indicate the regions are significant at the 90% confidence level. The red and yellow
boxes indicate the locations of anomalous cyclones and anomalous anticyclones respectively, the A and C

represent anomalous anticyclones and anomalous cyclones.
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Fig. 7 (a) The correlation coefficient (shading) between the NI Index and the temperature in the same period, the
dots indicate the regions are significant at the 90% confidence level. (b) Scatter plot between the NI Index and
standardized temperature in South China in May. (c) Standardized time series of observed temperature (dashed
black line) and temperature in South China fitted with the NI index (solid red line).
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Fig. 8 Regressed the distributions of the temperature equation budget in South China onto the NI Index, the

diagonal lines are significant at the 90% confidence level, unit: W/m?.
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Fig. 9 (a) Regressed 850 hPa geopotential height (shading, gpm) and wind anomalies (vectors, m/s) onto NI
Index, the dots and black vectors indicate the regions are significant at the 90% confidence level. (b) The

geopotential height anomalies (shading, gpm) and wind anomalies (vectors, m/s) in May 2022. The yellow boxes
are the locations of Philippine anomalous anticyclones, the A and C represent anomalous anticyclones and

anomalous cyclones.
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Fig. 10 Standardized time series of air temperature in South China fitted with only NI Index (solid red line), only
SI Index (solid blue line), both NI Index and SI Index (solid black line) and observed temperature in South China
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Fig. 13 Composite anomalies of (a, ¢) SST (shading, °C), (b, d) OLR (shading, W/m?) and 850 hPa wind
anomalies (vectors, m/s) (a, b) in May of the following year of La Nifia and (c, d) in May 2022, the dots and
black vectors indicate the regions are significant at the 90% confidence level. The yellow box indicates the
location of the convection suppression center, the A and C represent anomalous anticyclones and anomalous
cyclones. La Nifia Equatorial (5°S-5°N) mean (¢) SST anomalies (°C) and (f) OLR anomalies (W/m?) with
longitude in May of the following year, with the red line for May 2022 and the gray line for the other La Nifia

events.
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