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Combined disaster events of extensive and persistent low temperature, rain/snow
and freezing in southern China: Objective identification and key features
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Abstract Combined disaster event refers to the combination of several weather
disasters that occur at the same time, and its occurrence will obviously aggravate the
disaster. Using daily mean temperature, precipitation and glaze data of 206 stations
over southern China in winter during the period from 1961 to 2013, an objective
identification method is established for combined disaster events of extensive and
persistent low temperature, rain/snow and freezing weather in winter, and the key
features of these three kinds of combined disaster events are discussed. First,
identification methods for extensive and persistent low temperature, rain/snow and
freezing events are proposed, respectively, based on thresholds of their intensities and
impact areas. On this basis, three most noteworthy combined disaster events, namely
cold-rain/snow disaster event (C-RS), cold-freezing disaster event (C-F) and
cold-rain/snow-freezing disaster event (C-RS-F) are identified. The three kinds of
combined disaster events often occur during the period from early January to

mid-February. Although the three kinds of combined disaster events have similarities
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in low temperature and precipitation, their formation conditions are obviously
different. Abundant water vapor supply and large-scale strong water vapor
convergence are key conditions for the occurrence of cold-rain/snow disaster event
and cold-rain/snow-freezing disaster event, while inversion layer and cold pad are
necessary conditions for the occurrence of cold-freezing disaster event and
cold-rain/snow-freezing disaster event. The large-scale tilted ridge in the mid- and
high latitude Asia is the key circulation feature of cold-freezing disaster event and
cold-rain/snow-freezing disaster event, which provides favorable circulation
conditions for strong cold air activities. During the cold-rain/snow disaster event,
wavy circulation prevails in mid- and high latitude Asia, which is conducive to
moderate cold air activities. In terms of water vapor supply and formation of inversion
layer, the three kinds of combined disaster events are controlled by different
subtropical anomalous circulation systems. The southern branch trough over the Bay
of Bengal and the anomalous anticyclone over the South China Sea are key
subtropical circulation systems for the formation of cold-rain/snow disaster event and
cold-freezing disaster event respectively, while the combination of the southern
branch trough over the Bay of Bengal and anomalous anticyclone over Northwestern
Pacific is the key circulation system for the formation of cold-rain/snow-freezing
disaster event.

keywords large-scale tilted ridge, trough over the Bay of Bengal, anomalous

anticyclone over Northwestern Pacific, inversion layer
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R WY VKRR A0 A R H, e AT E i B Ek DU [ H A
R —fekE, SWHEMERKFEE. 2008 £ 1 A, REEHEETHRFEL
PRI N 5 VKR o E 4 (LU RfRR “0801” FHF), iEmaeE 204 (X, 1)
T 2RI I 25 VKR O 3, o X UKk H Ak ak 10~20 K, & 1162 AR,
BLEA G EIE 1500 242 70(FE 3%, 2008). “0801” 141 5¢ H R IE 2RI -
WE EWRAIEAIF BRI, Rpalit & (T V0%, 2008). Untt kimE .
K 18] AR 2H G 5 T A AE I o B/ L, BRI SR T AR AR 1) 2 SRyE A
7o (FAEIELE, 2008; HHISILE, 2008; FAfRESE, 2008; T —IL%, 2008;
RS, 2008; TR %%, 2008; 2007 A%, 2008 Z=52HR%%, 2008; eI, 2009;
A FIPNELRG , 2019; Jiti* 5, 2008; PhNEASFIRAELE, 2008; Bty E A LA,
2008).
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XA T B BRI S A (AR 524 AE, 2008); i SCREAR G RSPV il e P i it oy 8 ]
A7 L X N S R AR T o 0 B IR A (RS 45, 2008; T L
4, 2008; mMESE, 2008; ZELRARAE, 2008; M1EE A L4E, 2008). La Nifa 5
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EHAE L L 2 UL ASE, 2008; ER4EE MK GEE, 2012; SRETFAE,
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TR RABIRAE « AR SCHF T BEUA 1961/62—2012/2013 4E4-7, Hh &%
SCNRT—H 12 H 1 HEMF 2 H 28 H.
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25 R0 BRS04 WY 5 9 3 A AR R ) A A LA IR ¢ 55 250 (Peng and
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Fig.2 Spatial distribution of (a) 206 stations(red dots) and grids on which 206 stations
are located(green grids), threshold for (b) low temperature(units: ‘C) and (c)

rain/snow(units: mm/day).
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Fig.3 Time of occurrence of extensive and persistent low temperature disaster
events(blue bars), rain/snow disaster events(green bars) and freezing disaster
events(red bars) in winter from 1961 to 2013 in southern China. The bottom (top)
edge of bar corresponds to the start (end) date, and the length of bar corresponds to
the persisting days of event(units: day).
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1961—2013 FIE], ERAGVERFHEMHHARE, AL ENTRER
AIRKRZESR . Hrp RIR-WE R E R ARIR-UKR R B AR B S -0k K
FHMHAT I, RIPRAERES NN 20 k. 16 A1 17 IR, 1R S 0K K 5
D WAURAE 1 IR ARSOR FZENT 3 BB H WL 2 A 1t ¢ R IR T,
XM F-IKEREFEATIR. £ 1S T 3 K ANHAGTERFFMRELLE
H AR 2L R AL

N T T HE TR FFA, JATPRYERR 3 R LA 4Der 5 R Ve R T K 3
H (WHRFEME KERFREE FOVAEAGMHEIGE (WEH. KK RESFE
. fEHE/E N-C (N-RS. N-F). 1961—2013 IR, JEZH & PEAR IR 5 T F 4
AEHGMER T RFF AT 91 A 123 Ik, 2945 3.1 15 PRI S AT AR
FHM R 57% 60%. AR A TEUKGR R FFIRA KA. R A TEHIRR
KT AR A W 0 AR BT o LR, BT B RRIE S — R K R
B AR F AN S F R KA R — B, EEIRZ F#E (Bueh et
al.,2011a,b;Peng and Bueh,2011;Peng and Bueh,2012;Zong et al.,2014) &t iR
AWHFE, WSSO AR S M ARIR K F A AR S YRR S ok F I AT e

N HFA P PR DS 3 28 W S 1 K T B R R S L

® 13 RAGIERFFIELLH W SR8k
Table 1 Starting and ending dates, duration of three kind of combined-disastrous

event.

O ARIE-INEREFF  FE RR-VKRREFM L RIR-S-IKE R FFF Frs:
5 &1k H RE &1k H 3 KA &1k F 3 RE

1 19630208—19630210 3 19640210—19640212 3 19640219—19640224 6
2 19670130—19670202 4 19661226—19661229 4 19680204 — 19680206 3
3 19680122—19680124 3 19670109—19670111 3 19690129—19690131 3
4 19710127—19710129 3 19690101—19690104 4 19690218 —19690220 3
5 19740124—19740126 3 19700105—19700107 3 19720203 —19720208 6

6 19850225—19850227 3  19800201—19800203 3 19740129—19740205 8
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7 19860203 —19860205 19810126—19810128 19770127—19770130
8 19890117—19890119 19820129—19820131 19810129—19810131
9 19890205—19890208 19840122—19840128 19820205—19820209
10 19910104—19910106 19880124 —19880126 19840117—19840121
11 19920207—19920211 19911229—19911231 19850218 —19850220
12 19930112—19930115 19940119—19940121 19851209—19851211
13 19930223—19930225 19980119—19980121 19890112—19890114
14 19960113—19960115 20080122 —20080124 19911225—19911228
15 19970203—19970207 20110104—20110107 19960217 —19960223
16 19980115—19980117 20130105—20130107 20080118—20080121

17 20040118—20040120 3 - 20080125—20080202 9

18 20041223—20041228 6 - -
19 20050110—20050113 4 — 3

20 20050210—20050213 4 — _

4 AR EFHRIR S HRE

3 KA A K FHFAH HIAFAE I R PR . B 4 25 HIX S SRR 3
FAFHRE RN R S (E X E, AR H T R A HERIR O FE
Bl (B 4a). JRAA AR R FHMG (B 4a) JUPEFEEA KA, FRERE
ZAE 2 MUL b T HEMRFHEME (K 4b—4d), EATKEFmDEZ, F
RATBEZ Iy 1 Ik ARIR-F S R E (T (& 4b) 1985—1998 FIEENINE, 1975
—1984 F A LA K 2006 LLJS A L. ARIR-UKZR 9 FF (&l 4c), 1970 A4
21 A A R, HABFEALLECH W RIR-F S-0kER K FFHA (& 4d),
% W T 1996 “F 21, 2008 4F i 1996 4 LA Ja ME— A AR - MY 55 -UKVR 9 3 FAH Y
Ffy, RN R R AR 2 Rk, BIFREAIKE 13 R, G T O E
R H o ANFAA M 5 H R IEA S VEAGIR 9 F FAF 2 R EBRiE 8 2 7 LW,
AT R A B D 205 e R B AR 2R A, 30 5 B0 R 1 AR 1

AR E S R A AR R AL B 5 AKX E SR BN A A
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6a) BRI EEAR I [ 0.9, RUPEEA R AR M ARH A PRI K FH
A ) X IR RIR-FE S R F AT (& eb) Srp gy XA T RITAH . 1K
IR-UKER R FHAE (B 60) SR M XIS+ 51 M — g — 7o MIRTE- M -0k
KFFA (B 6d) gz XA T 50 WIm AL e —a7 (Rl SEoN R HD.
ERE R, (RIR-F S -UKR R H F A B S IRR-UK R K AR AR,
HFEMEE o XIS, B EAEE AL

L5 BRIk, BIRFPEIEARIR R A Ak T FA R AR AT IR AR, A
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Fig.4 Cumulative number (blue bars, units:time) and days (red bars, units:day) of

different disastrous events in winter from 1961 to 2013: (a) non-combined cold

disaster event, (b) cold-rain/snow disaster event, (c) cold-freezing disaster event and

(d) cold-rain/snow-freezing disaster event. The scales of the left and right Y-axis

correspond to the cumulative occurrences and days respectively in figure.
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Fig.6 Ratio of the number of time that each station meets the disastrous weather
standard in southern China to total number of disastrous events: (a) non-combined
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and (d) cold-rain/snow-freezing disaster event. Diagonal shadings indicate regions

with ratio >50%.
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HAETERFFALIFFEE 3 RIUMINE (R D, AL, ARG —RARAEE
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GEFERAE IR T 3 KV R R AE 5 T F A 1B

K7 N 3 B ARk HEFAE 500 hPa fir # e K R (D, T
SRR (A M AR CEAD SR AT FTRVE Y, AR
EFLEIAN, Wil 7a fias, 507N LATLE Y e i 2 Hh X A7 K 2 1 F A I X
B RIE SRR G, R R X AR . 20 S R L SR AR 5 § AR
B T IFAEZR VA ERHERN, 3 Bl 2R V. r s 4 R DX~ [0 e 3 i, X6 BE ) T
PP A0 3 A T PHARE LI, 5REEZ) 4 hPa. AH R ) P AR A iy e FE A T AR
b H A PG U B, dbP R, MMy 23 AMadEAL (B 7). &
] e 7 BRI B R, B R BRI XA T 7 . SR R — 7, SR PR IRIE B2 49-3°C,
0CEHFIREA L ATV B mrd, AT 33°N [ftir (B 7c). HiRHESRE, K
- E R E R RN AL A RIESE T, ARSI,

SRER-WNE R E S, KRV R E SRR S A R E T
RKAR A, 2R 1L AR - X 78 R /2R G 1) (0 K B RHE AR 1 AL R
[F IR 25 IV H 28 3 e X 6 /2R e T (0 K B A S I, R T S R R )
B-RHELEHRE (& 7d) . HURFERS, POARDE & R R g, JaEy K, [F
P 5 A I 7)o f R 1 3R B B 7 e K B T X B 5 M1 - W 55 K 3 SRR
¥z, HREFEREE G HE RS 2, WEEFOIA-5C, 0°CERABITKIT,
FIE B e R YLV DL AL ER 7, LA Z= A B w4 8 N T
(B 76 XRYIILTT A E S HGR- S K FHA R E RS2 . BiR
& B RO R ARV A HE A T 747 R I o v i s 425 s R AR /e
KIGE AR K A 458 (Bueh et al., 2011a,b; Peng and Bueh, 2012; £F
il A A AEH 4, 2013; AR ANEHESE, 2018; Pengetal., 2021) &4 —HH.

IR - S -OKIR 5 T A IR TE], PN IE A 2 0 B KB RPE R, 9
Bg5. SICR-VKERFEREAL, KBRS EENRAR, R0 K
W2 (R SRR R E () 7). PEARRIE @ 3, YaHEY R, 51KE-
R 5 5 5 S IR - DK VR 9 5 R S BOAR LG, PEAARI T & o = R AR R AR R
W, LA 1030 hPa 25 E£RAE 45° N AR R s Ak (B 7h),  ficst
IS (RS B ) AVA S AT e PRI ) o R IR i e K PR X 5 Rl - DK o
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FAF R, BRI EARIR- UK R FH FAFILE R, 1X5-6°C, 0°CAFIRLNLE
B, FEEETEEE (B 7. XU R 5 - K R E A AL s
RGBS ERE, WATHTIA, X BT I EA e R F A AR, TR E
BRI R R, SRR A PR T B X — A R ) 925 hPa
K~ (B 9c) 4 LAIESK,

AT, RAARPE R GEAMR 5 7 e 07 MR () SR R RFE (Bueh et
al., 2011a,b; AFAIEIEZE, 2013, 2018), tHE 5K -VKI% % F 1 FKIR-
Y 25 - DK R A KA B ORI AR . AR, RIR-0KZR 5 3 S R R
RRPEAL B WP, T LR R (L DAURHLIX, AR - 5 0Kk 0 3 SR TR R Rbe
A1 B B g AR AL T VUMK BT o AR -RY 25 9 35 A 0 18] S0 W S KR RbE RS
RFAIE -

A, EHIE 6 A 7 AT RUR I, FEARIR- VKR 5 3 A AR - B T - 0K TR 9 55
HAFR MR X8 (B 6c A1 6d), AN BRI B K, 1y FL b TR I T 5E
FHIET0C (W 7f /7). X 5RXEHEMPNELE (2008) L5~ —E, it
ATNRIE N R A RE EH IR E A 0~-3°C. MgiF s M 5 (2008) K ik
T OCHIRZIRZ N “ARE”, N “AH”7 FH B2 “BRsk” GEEZE) =2
VR R AE B 56 o AR, VA BB AR IR - UK 5 55 A IR - B 25 - 0Kk 9
FAFI BRI SR AR L B, TR IR P9 5 9 55 R R AR I 7 v

3,
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73 KM G MER FPEFEM 500 hPa A7 %5 =y B L LR (281, Bir: gpm). i
FEAUEREEE (R, AL hPa) FIMbEAREESE CAF, B4 C) SN
fio BFAHL Gl SEL X RIE (50 B5F, FEPFELN. A5 (SLP.
TEEED PP RS [A) % 2 %) 4 20 gpm (200 hPa. 1°C). (a, d, g) Fkl 254y
RN E T, SHLZEE A 80 gpm. (b, e, h) AvfHsL () SELH (X
Z=734)) 1030 hPa £k (¢, f, i) HOMSE ) FHZN (AT T 0°CHIRLZ.
R IR BB R X Dy BT kI 959% B0 B B X, VR AR B X 3O iR = S =
1500m F X 35k o

Fig.7 Composite distributions of 500 hPa geopotential height and its anomalies (left
column, units: gpm), SLP and its anomalies (middle column, units: hPa) and
temperature anomalies (right column, units: °C) of different disastrous weather events.
Thin red (blue) contours correspond to positive (negative) anomalies, zero isoline is
eliminated. Contour intervals for geopotential height (SLP, temperature) anomalies
are 20 gpm (200 hPa, 1°C). Thick contours in (a, d, g) correspond to geopotential
height, are drawn for every 80 gpm, the thick solid (dash) lines in (b, e, h) and (c, f, i)

represent for 1030 hPa isobar and 0°C isotherm (for climatological winter mean),
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respectively. Light gray shadings indicate height (SLP, temperature) anomalies
beyond 95% significance level, dark gray shadings indicate regions with the altitude

=1500m.

5.2 ZKIRFAM

3 KU G MR FHAAAMCA RIS A K, KNI ERTTR&
—E IR Bl 8y 3 MG IR F M1 850 hPa Al 700 hPa /K iUl & A
HHBUZIEFHE AT ATLAE I, RIR-W S %3 40, 850hPa )2 (& 8a)
s DR 2 8 ] B 7 4 5 R P8 g [ 7K PRIE B R TS, SR B PR e v ) R B 7 1
KRG NS o [RIIS, AR 2 VTR R 3 A Bl B8R P /K A8 B A £ 3 FLE
T 95%ESEE, RIIZIX O BA B2 [ s ZUKIRAR S . 700 hPa JZ (& 8d),
T NPV 22 v g 2 5 [ e B e 7 7K PR S 2 iy, RO i K Bl kv g A
R VLR — . WM 55 W, 783 /K VR R AN Y 5 ZU R K VR 2 MR
-FY S R H FAT B SRR, RN R AR - S R AT R A LA,
R A IR - W 25 K S 1 B KR

fIRHR-VK R o T A1), 850 hPa J2 (K 8b) R B/ 77 /Ky ik = 2ok B
Tl EE I FAE R E VR LAL) VTR RS . F T 700 hPa )= (& 8e),
K H RS KRS, WX EEEAEE. SRIE-WS K EF M
b, 010 7K B e~ i B A S /KA B A S ) R A 5979 22 o FH I
A, AR IR 96 5 AR KR A 2R HUARIRL- I 35k F Fh g1 2, R
AR B A PR R R K V4 4 BT % A2 o AR TR - VKR 5k 55 S 301 1) 850 hPa J2 (117K
VREER A T RIE AL

IR -F - VKR R E SN, 850 hPa 2 (&1 8c) kA #indiis. FigLl
Je PG AE IR i X A R R 7t X R 7 7RIl KR A, TR RV R
i S L XSk I A K9 PR 2 P s K VRO U S S, R R KR -
KFFMWIAIEE R, RYZH XA A KA EE & . )7 700 hPa 2 (1] 8F),
FH s DRI SR . T ¥ DA A PR AL RSP b X 22 3 [ R 07 7K i o, [R5 7K
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ARG AL BILH . Bba] W, KT =5 -0K%R R & FAFRMRIR- I 5 K H
HARE, HR A SR AR T I R AR A R TG R Z R KRR A, 5K
- SR EFEAFRE, RIR-WF-VKE R EF AR R RE T &
7, kB TR PG AE R

gibpng, 3RMAERFFMY, ARR-VKERFEMRRIN, HLE 2 K4
HPERFEEM (R Z R T F AR - T -0K R R FHD RAEMUFER
T KR B IE 75 A RV R ZU R KR AR & o 3 R G 1k F FH AR 3R E
T3 URARIE R IR AR E AN A, RIR- R S R E F A KR E R A
IRV, ARIR-OKR 9 5 F 32 2ok B R AL AR, T RiR - - 0Kk ok S 2 2
K EH FHE . mg AP AL T AE 5.4 T RATR e HIX KR
A R B AT R O

(a)C-RS 5 (c)C-RS-F

B0E 100E 120E 140E 80E 100E 120E 140E 80E 100E 120E 140E

8 3 KA MK FENEHF 850 hPa KV IEEFE (RER, H47:9/s €m hPa)
FOKFIBEBUE IR (SREZ, FAg/ s em? hPa) Al A (EED: (a) iR
MR FFM, (b)) RIE-IKERERM, (o RR-E-IKEREEM. (d—D
Al (a—c), {HJ4 700 hPa. At F 5 X DKyl AR FRT R i 95% &A% 2 Y
X3, TRIR GBS IX R e B =1500m HY [X 35 .
Fig.8 Composite distributions of mean water vapor flux anomalies (vectors, units:
g/s €m hPa) and water flux divergence anomalies (contours, units: g/ s €m? hPa) at
850 hPa level during different disastrous weather events (top panels) : (a)
cold-rain/snow disaster event, (b) cold-freezing disaster event and (c)

cold-rain/snow-freezing disaster event. (d—f) same as (a—c), but for 700 hPa level.
20 /31



Light gray shadings indicate water vapor flux divergence anomalies beyond 95%

significance level, dark gray shadings indicate regions with the altitude=1500m.

5.3 XiE T B BEM XIGHRHE

N 55 RO VKR IR R A0 75 B 58 1 K S22 (] R 5%, 2007; MgIH%E, 2012),
Je BT S s 7 B IE B % A o8 (i £85%, 2007 Peng et al.,2021).
Mk, BATEG T 3 KA AR FFHAIE KXR)Z F)Z (925 hPa, 850 hPa il
700 hPa) 0°C &5 £ Al X7 JE-F-BC B ARFIE (] 90 B 9 her a4y 27°N A &,
KRB 3 AR F A P X DA AL E (B 6), 4k () @l
520003 1) %5 B 850 hPa A1 700 hPa =il )2 5 925 hPa JZIRE I ZE =0T (1°C)
X33, FTLAR I, 18 3 A A1 5 T Fb g m g i X 48 (& 9 /251D, H 925 hPa
JZ O°CARIR R ma MU B S, T R SR ZU I S oIk URELSF, 3 13 B [X 45k 925
hPa JZXE B ok H A6 77 1 aEA 23 BN, A MERRIE SR

#7850 hPa JZ (& 9 %), 1 3 KA AR FEFHALmAEP XK, HoC
SRR T 27°N i, {H15 925 hPa 2 0°C ARk i BAH L, RIG-W & K E
FAFIE R EE (B 9a), MR- VKR 9 35 F A FIRIR - BT 55 - UK 7R 9 35 0 D0 s A 1
FUIA W (& 9b A1 9c). Hi 850 hPa 5 925 hPa i /& 2 {8 43 A i LA 5 A M
H, AR ARIR VKR 5 S S IR IR FE -0k ok E s s b X 38, 3L 850 hPa
JEIRFE LG 925 hPa 2R B B R Al ey, JEIRARAE 20 BE R (J& 9b F1 9¢), HHKIR
- - KR 5 T A 0 B, 7 A 5 PR THT ) B KR 22 B 2 1 1C (90
AR - T 25 5 25 A ) To W R A E (18] 9a) .« 3 2R A ok S <R 3010 (&1 9 i),
P R 7 270N DA HiL X S5 R 807 g S5 A m IR, R SR 1 R T R
SETFFIAL W, B JERRAE S Y, X 3 5 e 07 0002 (0 T AR At 1 R 21

#7700 hPa )2 (B 9 441D, TEARIR-M S K F F A2 m A H i X 83, 0°C
SRR HHAIRE (925 hPa AT 850 hPa) ) 0°'CE5iR W] B ime (/& 9a), TMFEAE
- VKR 9 T ARG IR - B 55 - UK VR ¢ 35 SR s ma R v 1) X3, XS 21 0°C 45 i
2. 5102 (925 hPa #1850 hPa) ) 0°C & i 4 for BANIR B i (K 9b 1 9c).
i 700 hPa J25 925 hPa Zifit L2 AT LLK I, AEARIR-UK IR 5 35 FAT AT Y
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UK R EF RS X, R, RAASERX L 850
hPa JZZ/NMF % (& 9b Al 9¢) o MR- FY 55 -UK K 5 3 A LUARIR - UK 9 35 34
FR X R, R S sR (8] 9¢), Xk — B R WIMRIR - 7Y 55 - UKk R 5 A
S Ie) 38 B S A, IR R R R . AT S L DA I X b 2 S X a B O S
TR R, R T R s ST AL B SR 2Y, MR EAFEN &, IR E R
JTR R I AR I 1A A A

R R L, A UKIR FERE I A R A IRIR-DK IR O A AR
SRR R TR XHUE TR A R B R AR, PR - S -
URVR 95 AT IR IR S o, 302 SRS, TR - 9 =5 0 T A T A HL &
IR R SRR AL

C-RS | WIND25 - . - . WIND700

120E 140E
WIND700

140E
WIND850

80E 100E 120E 140E
-F

E

10N t bl 10N

T T T 10N T »
80E 100E 120E 140E 80E 100E 120E 140E 80E 100E 120E 140E

9 3 RMEMRFEFM 925 hPa (£ %), 850 hPa (171D #1700 hPa (44
1) Wz CREED AR (O KR-WHRFFELE (b)) KIR-TKFHER
FHME, (O KE-WE-UKGE K EFHM. R EA R X N = =1500m 11X
I, WsELN 0CERL, MmN 27N ALE, 4 ) MPIX 6N 850 hPa
JZH1 700 hPa JZIRE S 925 hPa JZIRZEZE =0C (1C) KX, BREF AT
A7 Y- 2R B 4y R I 95% B AF B .

Fig.9 Composite distributions of winds anomalies (vectors, units: m/s) at 925 hPa
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level (left panel), 850 hPa level (middle panel) and 700 hPa level(right panel) for
three kinds of combined-disastrous weather events: (a) cold-rain/snow disaster event,
(b) cold-freezing disaster event and (c) cold-rain/snow-freezing disaster event. Dark
gray shadings indicate regions with the altitude=1500m, blue solid lines represent
0°C isotherm, red dash lines correspond to the location of 27° N, the green (purple)
shadow areas correspond to the areas where the temperature difference between 850
hPa layer, 700 hPa layer and 925 hPa layer greater than or equal to 0°C (1°C), black
vector arrow indicates that the vector component of the corresponding winds

anomalies beyond 95% significance level.

5.4 BI#H KSR

9 my HE—20 R I, 3 SZH A 1k v 35 S 0] i B <AL P HE DA S5 S [ )
Rl R R G R IRIR-FV S K EFHARE (B 92) REFTT B2 55
i B I SR B 2 I s R SR M R ) —#B 7y, X AE 700 hPa JE BTN
TBERE . J N R AU IR ) IR R IR A R SR RSN
7E 500 hPa {7 i fE e Fe i~ b (B Ta),  d N v 2 MG He A R L5 I 1) 2
AR R O R, o IR R SRR . DRV R SR R IR -
5 T AT IA] 1) ] e 7 M X i BV KPR R S BN R G

AR - VKR ¢ 35 F A1) (1 Ob), FRIE R 75 57t i e AL SE Bl A2 e i b 2%
S RS PEARM (K . S Ah, 72 500 hPa T B (B 7d), mEilE
bR ENIEEE SRR, MR R IR . Fi s
S I A2 - UK R 9 5 A 0 ) e 6 T g 7 e X 3 I 3 7V PR SR B A U
ARG, RN i X R Z T AR T IR AR mE i b2 e SO MR
T A X2 R e U XS, HK TS R ) I A R S R

RPN S5 -0k Rk SE ) (B 90), TR e 7 8 i B A IR S o
CAACOI DRl 2 ) R e 2 T N1 K S AT | N o 2B 2 0 W 2 el o 1 e i
HBH, ZAFIELE 700 hPa /2 ERIVF VTG R . £ 500 hPa {3 B f2 Foih
P b (B 79D, i b S i R R 0 L S 25 1) 47 v B8 o R B, P S
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IR, [ H A T 30 Sk 2 1) O o JEE S R IR B, ORI S S SRR
TR ISR R, T 0L VS T SR AT 7 b i e A MR - - UK
S5 U ) 1 8 e 7 b DX A R Y KPR AR IR R G, (RIS i [X 3 0 )2
TSR AL T FIFR IR S A

R RGN, 3 RS RFFAIINE, T E R 7 X AR KR
AR 52 A2 HHAS [R] R EI AT SCHE R MR R G R, J5 o IE 3R B U7 b X R
JZ T BRAL T A R 241
6 SR

ARSCHI T 1961 —2013 4 G 5l WL 7RI NCEP/NCAR BT 6k, 1 264k
T AR E K BEREMECE . WS KRR S ik, (et
fifh b — DRI T K B R AR . NS VKR 2B o o 2R A B 3R
WITTIE, FEXF 3 S LA & ok 5 AR SR R AT T X BT . 3 B S
iy

(LD FHBEATTE, 2 3E BRIE . WS KRR R SR T
FABME AT BTG BRI S UKV AR HW, AR HRR S R T K3
FEIFRP AL ARIR . S IKR A& B AR T2

FESCEERN b, MRYEARE . B S MOKGR H BRI R s R A, 25t 7 e
A 1R TH AR 2 W 7 12 LRI U BN AR B AL S 1 R 3 e AIGR-
WY S5 A, ARIR-UK R 9¢ 35 S MR- T 55 -0k o 35 S R TR E M 7 & i
HEMHEGERFEME, efNFEZHIT 1A Bff 2 Ada.

(2) 3RUAMERFER4BARIPEARIEMEAK, (AHRAEKME D
A RZE X K-S K H R AT E KR AR KGR R E KA
Ba, HERRBICE. AHRERZE; RIE-VKEICHF R AE T EE R
fiGiR . WELLLGERZE, 2R RIS RIK SR G AR S -0k K
FAF KA TR E AT VAR RVE R 2 7K IR AR & 38 7 2 5 R R IGR
BRI =

(3) MEHH e R AL R R AR - VKR 9 35 A A - T 5 - DK o o 4
[RGB R G, EATRIRRERYERE AL 7 ¥ 2 S = 3R ] 7 7 1 B T Rl 1
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THFIRRFAT, AEZ, ARHR-0KER R FH FA R BB AL T SRR L R,
AR - B9 55 - UK R 5 35 A R TR R o B 5 Al 2R A2 T DU 2R W80 R o IR - W 5 ¢
T Y I SV o e 2 2 AT 5 YA RN L IR IR AR

(4) 3 RAGTERFFWIN, IR T7 KIHERL 73 71 HAS [ B B s o5
SRIAI R G o NI R SR T R I S R U 4 il SR AR T S 0 T A
AR IR VKR 9 5 A S T 1) 6 L Pl 7 Sk B ZKVR I SRR R e, s LTS
T SCERT PG b P9 S 8 S = T e AT iR - 5 - DK R 9 T AP U 1) 1) 36 L v 7
Hu X HE AR KR RN R R . 5350, EIRRIFAGT REEFNR RS 8K E R
T3 M DX 2 1T R A A R R R AT

R RIG M EIR T, AFRE R R E AR WS KRS
AL FAE N, H A R A R E A . AR AR EFH Y
e A X3 RIS L TKVR R LA SO IN R R RS A B 2RI X Les
REW], AEXAZFRFERSELR TR T, XA R4S R F R B
DX 73 I SLAH L PR TR 77 V2 AR 1 0 21

A TAEL Peng et al.(2021) 1) TAEAAHAZ AL . AHFRATHIBF 7T I 5 F
KA P B A, BRI SR R RE (& 20 BUAFEE Peng et al.(2021)
o EEBIE (Fig.2) 9. IXATAEE S E T IA TR H B9 &1k F F A2 EE Peng
et al.(2021) 5 H I FH A 2 R R . FRATI 245 5 Peng et al.(2021)
AR FEZENA: (D RCHIKGEA RIIHE M5 E F AR ma 4 X 3
AL TR a s (J& 6¢ A1 6d), i Peng etal. (2021) FEE £ H BIAETTEX
I (Fig.6c), XAJREAW T IEBIHREANFPTEG (20 (K- 5 -0Kik K F 51
HATRNE PN AE AR T DU 2R AR T (& 79D, 1M Peng et al.(2021) # K JE FI{E
IR RN VKRS (ECPFES) ) SE 3 A6 38 1) RHE 7 T~ 55 R /% LA DU 2R 8 2 [
(Fig.7a), XAJRES WA EMAEA ARG (3) AXHIFLRW], K-
VKR 9¢ B AR RA B BRI A D, 17 e B OCBE R AE 5 L T A R AR
Xt 2 AR B . 11 Peng et al.(2021) 31 5H IR & PE vk HEHA R AT .
R R Z R (1) A (2) EZE, R AR T 5 B B E AN A 3 B A
Bl B LA e 1k H A [E] AT
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