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Multi-scale Features and Impact factors of Winter Persistent
Cold Events in Fujian Province
CHI Yanzhen! ~ ZHENG Weipeng®®>  WANG Yanming® HE Fen*  BAO Ruijuan®

1 Xiamen Key Laboratory of Strait Meteorology, Xiamen 361012, China
2 State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics, Institute of Atmospheric Physics,
Chinese Academy of Sciences, Beijing 100029, China
3 College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing 100049, China
4 Fujian Climate Center, Fuzhou 350001, China
5 Fujian Key Laboratory of Severe Weather, Fuzhou 350001, China
Abstract Based on the daily observation data of 66 weather stations in Fujian Province from 1960 to 2020, the PDO monthly
index, the ENSO monthly index and the NCEP/NCAR daily reanalysis data, the multi-scale features and impact factors are
discussed by using the power spectrum analysis, wavelet decomposition, correlation and composition analysis. The results
reveal: (1) there were 114 persistent cold events during 1961 to 2020. These events occurred frequently with stronger mean
intensity before the mid 80’s of 20* century, however, decreased significantly with weaker mean intensity after that period.
The prevalent duration was 5~11 days even up to 40 days. (2) the winter cold index exists significant 10-20-day and
30-60-day low frequency periods also 2-8 years in interannual scale. (3) the persistent cold events in winter are closely
related to the ENSO events, the atmospheric intraseasonal oscillations and the cold air activities. PDO and ENSO in the
negative phases were favorable for the occurrence and duration of persistent cold events. When the tropical convection
prevailed in the maritime continent and the western Pacific Ocean, the persistent cold event occurred frequently. Furthermore,
the cold northerly airflow guided by the strong Siberian High could reach the southern region of South China, that triggered
the persistent cold event in Fujian province.(4)By comparing the persistent cold events with different durations, the “short”,
“medium” and “long” events are characterized by the west, east and middle cold air paths, respectively.
Key words: Persistent cold events, Winter, Fujian Province, Multi-scale features
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W A TEE, 2008; T—JC%%, 2008; Wenetal., 2009;Zhou et al., 2009;Sun and Zhao, 2010; Bueh
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Fig.1 (a)Annual persistent cold events frequency (column), winter-mean temperature (line, °C) and (b) Mann-Kendall test of

winter-mean temperature in Fujian province from 1961 to 2020
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Fig.2 Evolution of total (column) and average intensity (line) of winter persistent cold events
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Fig.3 Evolution of the duration of winter persistent cold events (units: day)
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Fig. 4 (a) Power spectra of the daily index for winter 1961-2020, (b) wavelet decomposition spectra of the daily index for
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Table 1 Assessment criterion of persistent cold events

WHER SRR BEmT SE] E% W5E BE R
X [afE (KD <=19.2 19.3-30. 4 30.5-67. 7 67.8-102. 2 >102. 2
ZHEE
B (% 11 30 70 90 100
X [afE (KD =175.7 175.8-297.9 <=629.5 <=1037.6 >1037.6
HAFRRE
B (% 10 31 70 91 100
X [afE (KD <=27.0 27.1-41. 1 41.2-61.1 61.2-72. 1 >72.1
HAE TR
A (% 10 30 70 90 100
X [afE (KD <=8.0 8.1-13.0 13.1-19.6 19.7-31. 0 >31
RZH R
Ha i (% 9 30 70 91 100
ERLWR BEmE vl & PRt BERK
FREEm ) XEfE (R 5K 6-8 K 9-11 K 12-19 =20
Ao Co 16 49 74 90 100

® 2 BIREERT 10 REAFFEMRIESE M
Table 2 Top 10 typical persistent cold events in total intensity

P A ] PR BRI
1 1975. 12. 10~1976. 01. 18 40 2618.7
2 1962. 12. 30~1963. 02. 04 37 2490. 4
3 1973. 12. 16~1974. 01. 09 25 1666. 1
4 1968. 01. 31~1968. 02. 25 26 1399.9
5 1993. 01. 15~1993. 02. 03 20 1330. 4
6 1980. 01. 30~1980. 02. 15 17 1200. 5




7 1962. 01. 16~1962. 02. 06 22 1191. 1

8 1983. 12. 24~1984. 01. 14 22 1123.8
9 1984. 01. 19~1984. 02. 14 27 1106. 7
10 1971. 01. 22~1971. 02. 09 19 1080. 5

< 3 FHIRERT 10 RAEBFEHKIBEEY
Table 3 Top 10 typical persistent cold events in event-mean intensity

=) RAITE] FREERHL SRS FHBRE

1 1991. 12. 27~1991. 12. 31 5 497. 1 99. 4

2 1974. 02. 24~1974. 03. 01 6 584. 1 97.3

3 1999. 12. 20~1999. 12. 28 9 832.1 92.5

4 1974. 02. 06~1974. 02. 13 8 724.7 90. 6

5 2016. 01. 22~2016. 01. 26 5 437.8 87.6

6 1967. 02. 10~1967. 02. 16 7 570.9 81.6

7 1977. 01. 28~1977. 02. 06 10 786. 2 78.6

8 2004. 12. 28~2005. 01. 03 7 540. 1 77.2

9 1996. 02. 18~1996. 02. 27 10 762.9 76.3

10 1967.01.01~1967. 01. 05 5 374.4 74.9
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Fig.5 Annual cold or warm winter evolution based on the mean intensity (green bars represent the frequency of persistent

cold events, blue bars represent the winter mean index, broken lines represent the annual longest persistent days, black

dashed lines represent the winter mean index rating lines, and solid lines represent the abnormal long duration)
= AT 1=
4 ZZEFF AR ST AR A

4.1 88

10



F 1545 (2020) (BT SR BT, PDORAEARER 7 91 5 4 AR Bl i PR e (I T 7 4 B RS [X 52 4
FHIEASR, B PDOGASLAR I o [ & 2 I VIR i A AZEPDOFEEUIR T—1. 0°C I 164 A& Z= 281k H5 4%
PEACIR S AF850hPail 5 & s L H B~ or 4 (16D ATLAE R, 0°CERRLRA TAR i dbEs, 8°CEhLk
B R B AE U, T EEF 47 40° NG RS Bl X O i 38 1) G0l P R~ I, AR b2 52 Al B R
S E XA, AR T RS S 1 A4

60N

50N A

40N A

soN T

20N -

TON -

EQ : : ?
60E 80E 100E 120E 140E 160E

-2 -1 0°C

Bl 6 47 PDO 8K T-1. 0°C 11 28 YRIFLLACIR FH 14 & i) 850hPa iR 7 (A L, [H]RG 4°C) R H s (15, °C,
20 [ AR B 95% B 15 FEKT)
Fig.6 Composite plot of the distributions of 850hPa temperature (contours, interval: 4 °C) and negative anomalies (shadings, units: °C)
for the 28 persistent cold events with winter PDO index lower than -1.0°C ( hollow circle indicates where the anomalies are
above 95% confidence, units:°C)
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Fig. 7 (a) Distribution of mean intensity of cold index (Column), Nino3.4 and Nino1+2 index (dotted and solid line
respectively, units: °C) and (b) composite 500 hPa geopotential height field with winter Nino3.4 index below -1.0 °C
(negative anomaly shaded, hollow circle denotes 95% confidence, unit: dagpm)

4.2 MJO

WHFLEREE, 7E 2008 4F 1 H BYR 77 FRSARIR M S KR b, it KZNHRY (MJ0) 35 347378
TEER MG, FREMTLE (2015) Wit 1 MJO X o [ & 2= SRR F AR R0, 45 H MJ0 AN F) RAH
SANFENE R SRR FAT B R R R E U], Fiit 1980 £ELISR 72 UF SRR 3t 668 MR
F TS RLET MJO A2AH 73 A (3R 40, 24 MJO X § 5-7 AR, $FaiR FE 8 HEUEZ, JFRUH
TR Z . A 1980 FELLR 6 ICRREE 20 R UL ERURIRFE & &R A (& 8) ATLLE 2,
10°N LR EL_ETHEZh 55, HARM 30°N BYIZ oy i RO, B RS X A7 T R A
REVERPFERS, RREUR 2 FFNR T IR AL T RIEVC AR R, 3 B0 i w6 X
AL, AR T SRR A LA GES .
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4 1980 FLUK 72 RFFEARBFHXTRAZE B MJIO (LHESTUR
Table 4 Daily MJO-phase frequency corresponding to 72 persistent cold events since 1980

Phasel Phase2 Phase3 Phase4 Phaseb Phase6 Phase7 Phase8

46 72 82 56 96 99 137 80

hPa
100

200 2N\ 41 11

300

400

500

600

700 L OSSN Y HATIATLL A1 TieE L AR T
800 {

900 {3 NS~

100035 105 EQ 10N ) I 40N

K8 1980 HELAK 6 YRFSE 20 R LA EARIR S5 K 110°-120°E ~FH 2 a3 AR
(i B SRR P IB0K 1000 £, HA7: mos™
Fig.8 110120 mean meridional circulation of 6 persistent cold events with duration more than 20 days since 1980(vertical
velocity and its abnormity with 10° magnification, units: m.s™)

4.3%%5

FREIAZE (2004) T, J6tkish (Arctic oscillation, fIFRAO) S5 A5k B3 B2 W PE A1
A e B8 I AR M X AR AR KB R TE AR K. AR 4 B AF A R AT 5 0K
FIORRHECN-0. 27, TEF) T 95%H BIE KT o Giih 1IAREF SRR 04 1T 5A0F 40, Hrh 70 F 14
X REAO A AL AH -

DT R) IE  Fs  A ZR ) E  KBf T f f SE EFRR R R —, PR o P S, 7
TR AESIG . AN 19804F LISRFFEE R UL FI20 K LA L6 R SRR S & it I U S (&
9a) B, FEEACIRAER, PR EVEE A, SREE R, hOm I 10400Pa, LT ZR M
B[ £ HIC IR T-10000Pa, “UEAREERIINGE, SEASAM T, RERWEEEEFRALHIX . 5
BT FIHH850hPask P& MR (EI9b), SRRV SR — B 5 5 I30° NLARI VLR R dbil K AR
RYEHERNESL, FRTE25° NHHE R A RAL R i i B 2 i, AR bRl vty 2
(AL Rz o R AL B AL ST, A T R SRR 2 1 () 50 B2 8 SRR e TR 4 eF
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I —

K9 1980 4F LIkHRS: 20 RUAER 6 AR FAF& - UE (a, P12 NEESF, hPa)
1 850hPa 7KF- X7 (b, IR NARAIEF, m s, [RARRIER] 90%E F KT
Fig.9 Composite sea level pressure (a, positive anomalies are shaded, hPa) and 850hPa horizontal wind (b, negative
meridional wind anomalies are shaded, m.s™) of 6 persistent cold events with duration more than 20 days since 1980, with

the circles indicating 90% confidence.

4. 4 NEFEFHCRIE B H RV IR EHE

NPT RS R, T BRI S OGN R R R 2, R 3 R 1
(VA AR v, JEHL T 1961 4F LISRFRERT A 2 (L. P &R0 2 8 K BT 2858 f s AR % 7 2K
FESARIRFE, A fERR “ w7, «rpsAml o <Rk, (810 A T Bk 3 KRR S
AT 7 H &G H A P37 &% 500hPa {7 34 = BE 3 o A i A« 18 RPELARIR A IFUA AT 9~10
K CEINg), FERARIEN) T — XA IR0, ¥ w5 AE 1030~1035hPa 2 [/], &4k
AR BT 7 K (K 10a. by o), ERUAEAZI “Hifl—F" o4, WHEXA T I HFREE
DUIMZRBIFFEIZRACR R, AR KB R AR, AR AL 7537 P80 RV BRI LA R, R Ay 6 e JEE B
R AESTFHRFEIRRRER, PR e T O R B R AR SRAERE 5
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(a) lead_7d of extra short (d) lead_4d of extra short

60E BOE 100E 120E 140E BOE ET)E 100E 120E 14QE
(b) lead_7d of medium (e) lead_4d of medium

/3
[N

N

' lll/é

y

BOE 100E

d_0d of medium

(= 5162

10 P25 i o AL B AN [F)Rp i [ (IR - IR A R (IR JB B S22k 0 500hPa (7 345 237, 1] F% 4dagpm,
BIRE N HLEE ;U6 G 2 i T I S35 1020, 1030 F1 1040hPa HFAELZL)

Fig. 10 Composite circulations of persistent cold events with stronger mean intensity (the black bold lines are 500hpa
geopotential height at the interval of 4dagpm, with the anomalies are shaded; the blue dashed lines are sea level pressure at
1020, 1030 and 1040hpa.)
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il 4 K (E10d. ev ), SRIDAMFX FRKRE, MW" EAH e TA 12dagpm
DAL, DUBIRW— U AR WAl — iy L AR, R i e 000 £ 75 35 e BE RSP ) TR IR A e s
T V4> e R A% 1 G AA R DA AR X, Hhoto 38 4 1) 1045hPa, FUAt 9 74 s R ot S 1o e, AL “vh
A m RO B . BT 2-3 K (), mrSEXEERRILKRE, 1 “mEE” R
ISR AR HERNA 2R, HUL BRI 1050hPa, FL 1045 hPa 55 R 2k N iE N HTaRALES, ¥ 2 <a0
s FFURSE R E AR 7E EUREATSI VGO T S X, b4 e R SR b0 BB I 1047.5 hPa, I
FESRREPEAL SIS T R AW R B ARG 58 N TR E R LR Ib X “miBL” 5 «rhsg
B BONARRL, A S E TS I mALSIRES F. BT 1 K (B 109y hy D, A mEEETS BT
Wb Ea A IR IER 07 RRIE, AT BRI, A S AR E VT ALK s
B7 s S URER B RIAAERIINE, AR L RA B AR FIRARE (B “IRmiAR” B
SEMIEHE. FENELR K5, 1030hPa 278 % 7 HiiBMIHE K. HECGEFAITE
H (B 10j. ke D, AFSREE F EER L RRIEXE, 1020nPa L FAERINE, FE “fH
KA mpEg b, TUMURI—EUR A Ml R @, AR — IR U s i 7 2%

i bpnA, “AmRAL” FRELARIR SO AR Y R RE R R, 5 S RE R T, 5 2016
1 MR 2018 4 1 AR 9RA R UK AR, (TLBEAE, 2016; XIS, 2018); “rf
R FREIGIR S A A AR AR 0T “UmAL” FREHRFAE, A R TR
I % N AZRFAE
5 AR ik

(1) 1961-2020 FAZFAREHILH I 114 UAFERAURF M, ~FHRE 1.9 K. 20 #2480 4EK
IR AR SRR S 2 R, HE D R RS 0 0 S 52 I 0T 5 95 1) 2 A5 1
FREN R LA 5~11 RJEZ, KA 40 K.

(2) HEEATFCESR AL R E M 10-20 KA 30-60 RARSA M, FEbr/LBE ELL2-8 R E
=AW,

(3) RECES ALY, W€ THRELTIE HREIREL FRe IR SRR PR . &
Z5: 5P SRR DR B R R 6 ) S5 W PPAG FE bR o X 1961-2020 4FEAR & Z RE SRR S AT A IR EAH
20 T4 80 AERH I Z /T, FESUCIR B2 BRI 14 N MA s 20 1A 80 RS HIE I RFELK
TS DRI 3 A 4

(4) FREKXBFFELACRF LA PDO. ENSO. MJO KR h 4 FE v 25 S s sh # Uk 5 PDO Al
ENSO PRI REAHAT R T RR AR ST (R A AR R s 4 B R AL T e Ko 25 P AT AR, X ek
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