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Abstract The association of extreme winter precipitation events in the middle and lower reaches of the Yangtze River
including synoptic-scale transient eddies is examined by using the ERA40 and National Centers for Environmental
Prediction/National Center for Atmospheric Research (NCEP/NCAR) daily reanalysis data and daily rainfall data reported
by 85 stations. A close relationship is detected between extreme precipitation events and transient eddies. In winter, two
branches of synoptic-scale transient eddies are accompanied by subtropical and polar-front jets, respectively. It is
demonstrated that the south branch of the transient eddies differs during highly and less frequent years of extreme
precipitation events. Overall, transient eddies become active and strong, and they spread continuously with long durations
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over Eurasia during highly frequent extreme precipitation years; the reverse occurs for less frequent years. To some extent,

the intensity and energy of the transient eddies both experience similar variations from the daily frequency of extreme

precipitation. Moreover, the northern branch of the transient eddies and their water vapor transport are favorable for the

occurrence of extreme precipitation events. Therefore, extreme winter precipitation events have a close relationship with

the synoptic-scale transient eddy, implying the activity and propagation of transient eddies may be important factors in

extreme precipitation events. This study is expected to provide a new perspective for the causes of extreme precipitation.

Keywords Extreme precipitation, Transient eddies, Synoptic scale, Middle and lower reaches of the Yangtze River
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Fig. 4 Longitude-time cross sections of time-lagged correlation of 300-hPa transient eddies averaged over 27.5°N-35°N (The time series at 115°E is taken as the

reference for the correlation) during winters of (a) 1984/1985, (b) 1997/1998, (c) 1983/1984, and (d) 1998/1999. Contour interval is 0.1, and the vertical ordinate
indicates days of time lag




4 Wil A% YT i XA i B /K - R ROR E IR AR B 8l A T RERR AR
No.4 CHEN Haishan et al. Relationship of Synoptic-Scale Transient Eddies and Extreme Winter Precipitation Events in the ... 807

Lag time (d)

K4 (g
Fig. 4 (Continued)

(a) (b)
26FEB1985 B 26FEB1985 26FEB1990 26FEB1990
21FEB1985 21FEB1985 21FEB1990 21FEB1990 1
16FEB1985 16FEB1985 > 16FEB1990 16FEB1990
11FEB1985 11FEB1985 11FEB1990 11FEB1990 =
6FEB1985 6FEB1985 1 —— 6FEB1990 6FEB1990 |
1FEB1985 1FEB1985 1FEB1990 1FEB1990 1
26JAN1985 26JAN1985 26JAN1990 26JAN1990
21JAN1985 21JAN1985 21JAN1990 21UAN1990
16JAN1985 16JAN1985 16JAN1990 16JAN1990 |
11JAN1985 11JAN1985 11JAN1990 HJAN1990-?
6JAN1985 6JAN1985 6JAN1990 6JAN1990 {
1JAN1985 1JAN1985 1JAN1990 1JAN1990
26DEC1984 26DEC1984 26DEC1989 26DEC1989 1
21DEC1984 21DEC1984 21DEC1989 42 21DEC1989
16DEC1984 L TS —— 16DEC1989 16DEC1989 1
11DEC1984 11DEC1984 11DEC1989 11DEC1989 1
6DEC1984 6DEC1984 6DEC1989 6DEC1989 1
1DEC1984 — 1DEC1984 . : 1DEC1989 1DEC1989 . \
60E 80E  100E  120E 0 20% 40% 60E 80E  100E  120E 0 20% 40%
Percentage Percentage
— e T E—
25 50 75 100 125 150 175 200 m%/s’ 25 50 75 100 125 150 175 200 m?%/s’
(© (d)
26FEB1995 - 26FEB1995 26FEB1998 26FEB1998 {
21FEB1995 ; 21FEB1995 == 21FEB1998 1 = 21FEB1998 1
16FEB1995 il — 16FEB1995 —— 16FEB1998 16FEB1995-;>
11FEB1995 43 11FEB1995 = 11FEB1998 — 11FEB1998
6FEB1995 6FEB1995 6FEB1998 6FEB1998 -
1FEB1995 1FEB1995 1FEB1998 1FEB1998 =~
26JAN1995 26JAN1995 == 26JAN1998 26JAN1998
21JAN1995 21UAN1995 {—= 21JAN1998 21UAN1998 ———————
16JAN1995 16JAN1995 16JAN1998 16JAN1998 1
11JAN1995 11JAN1995 > 11JAN1998 11JAN1998 1
6JAN1995 6JAN1995 6JAN1998 6JAN1998 1
1JAN1995 WANI99S 1JAN1998 1JAN1998
>
26DEC1994 26DEC1994 26DEC1997 26DEC1997
21DEC1994 21DEC1994 = 21DEC1997 21DEC1997
16DECT994 16DEC1994 16DEC1997 1 _ 16DEC1997 1
11DEC1994 11DEC1994 11DEC1997 11DEC1997
6DEC1994 6DEC1994 —_— 6DEC1997 2 6DEC1997
1DEC1994 = ===l 1DEC1994 . . 1DEC1997 P = 1DEC1997 ’ .
60E 80E  100E  120E 0 20% 40% 60E 80E  100E  120E 0 20%  40%  60%
Percentage Percentage
B [ s e B —
25 50 75 100 125 150 175 200 m%/s’ 25 50 75 100 125 150 175 200 m?%/s’

Pl 5 A0 I R A I BE A 228 PE— T TR0 T P (7)) g H B 2 Wi e/ H 65 8 T 338 CD: (@) 198471985, 27.5°N~35°N 145 (b) 1989/1990,
27.5°N~35°N P45 (c) 1994/1995, 25°N~35°N “F-¥3; (d) 1997/1998, 30°N~37.5°N -1

Fig. 5 Longitude-time cross sections of daily transient eddy intensity (left) and time series of daily percentage of stations with extreme precipitation event
(right), during winters (a) 1984/1985, (b) 1989/1990, (c) 1994/1995, and (d) 1997/1998. (a) and (b) averaged over 27.5°N-35°N, (c) averaged over
25°N-35°N, (d) averaged over 30°N-35°N



xR ¥ 7%

808 Chinese Journal of Atmospheric Sciences

Vol. 37

AP IEER, BRI LT T A BRI

Fhh, B RAEE P f vl
RS R R . A, BE— DT T R
AL (BEE) ML S K IR oG B 6
h R A LA 1984/1985. 1989/1990+ 1994/1995
1997/1998 4F 4 ANAZE20 FE— () 1 ] LA S0 R
I YA A i b X A A i B K R 45 3 1R T 4
Ko B EALTERPIMA S S5 AT
WIFTHTIA, fEREE B AT S, RAERAA
[T P A= e N W 1 | S I S
FeAGE RE R R AR TR R4 1F. 5 S BoRi
SEIRIEAL, Rl A B R X A R 2 KT R i
DX, AZHA DX AR i A K R A L i, P 2 1)
HAT X N R . 1984/1985. 1989/1990 44
Zf 2 R A), 1994/1995 4EAZ 12 H 4],
1 A¥I1. 1 A F4), 1997/1998 E4Z=[ 1 H LAIK)
Wi B 7K R AR B L, AR 2 R L& B, m] A
h W B 7K IR R AR R A RE

AN, BT 5. B 6 BoRIERSS, BH—
SEAE 0 N L — 3 HLAE AR B K D R ARy
Wk A e 58 AT 255, L 1995/1996. 1998/1999
AT,
42 WimbEK SRR E R AT REEE R

Jb S A i A B S W AR AR R AT Il R
Tk, FEVEER T ROV KRE 50°N~70°N —7i7. W
AP NKIGHEIRE SRR L PEAARITE . FREE R
Wl H AR ) A AR, AR IR R A2 K2
BRI EN. A, AT i
DX P9 8 i i 7K A 5 T BB A7 FE — SC R R W ? A
CLI AR (1) 1997/1998 SEA-Z= g M, AT —Le4)20
M. B 7 4 1998 4F 2 H 16~18 HBFAR AL 1%
BILA K 1998 4E 2 F 10~28 H A8 i o 55 28 5 — I
[T B (50°N~65°N ~F-34) KR s ¢ A= i)
i R S U T 2 % . AAERIL, 2 H 16~18 H
AP ik, HamE s, B i
BRI, WAL R R X BT 49.4% 1305
RAIIAR G B 7K o WA 8 5 T 8 FEE— I T 51 1 ]
5z B HH 7 9 2 b S AR I PR R T
U b XD R i AR 7K R A AR A AR B — B X Y,
KR X—IWGAEMKSE 1992/1993 4. DR
1985/1986 A5 A=A SR IL (&g, Rt
BATN R AC SR AR il AR B AR b, (HA7 s
SR NPT LA e 1

4.3 BTSSR E

2RI (1997) WEFY T W AR Y A1 W 91 2=
KSR A, Fi8 H A ik (1) 7K
VIR R (1 R B AR LGP IR IR I B /N, (HAR ] 2
o AP KL e b h A R AR A MK
JEA I 70 2 K VRS At i ELEEXS K VR R RS 5 %
LI H AR 20 (700 hPa BT . #Ek, LARE
AR 700 hPa i BEBEAR PR K%, LLI%ESE
J\H B A KRR (1992/1993 4F47) 4
B, NG SR LR W A I8 T 8- AR i B /K 11
KR

1993 4F 2 H 14~20 HKITH Ml X 54 %
H ¥ M ok e R A, B8 MiZl FERr = Rig
H R AS Tk 2 - 347 Pl 7 8 348 1l 1170 7K 00 R
Rk M R Y. T B A B
U X AEAE K VB AR A R L, R
T KRR A% A X — 3 A iy A 1 R A ek
KR TE R A A AT A A DI, L
71 2002/2003 EA T4,

IEAh, AT A5 5 T Wom b /K IE . 47 AR
B AR T AV ARG DL (B 9D XTEERIL, i
TS, BRSSO KV e RBER I : KT L
K LR A, KL LAR K VISR H, (HAEIE
SRR, AR S B A R, R AR
R M, R RAR K, X FEAGEE—E
i P 1 A VT R T i DX R i B K R AR BRI
FIGAE o 25 LRATHEWT, R 3 BV /K VR i ]
REAE MR Rk IR R AR rh e 1) T3 o B IVER
4.4 BRTRKEFIERDTT

BT 0 AT R B B K IE . 55 AR 43 1)
Wk 7 0 A R AR B S ) 22 5, X L RAT Tk
P AT R (B 100, g5 5Kk, )
Ui B K IE B8 A TR IR A I8 TG ) S TR L A )
W25, SZArhHemrgs R, BRI E, Ak
SRR, WK Bl b KR A AR i AL 1R, I BNTE R
DR, BRI AE RO K Bl 2 R AL 1 (1) ) [
Lo G R AT IR 45 5 T SCRE R IR AR A L IR AR g
TSR O LA — B

TEh, T RN RO S WA i A KUK
D A LI AR R AR ZE R, A 43 0
Ui 7K IE 875 A A B AR R P AT A L (]
V1) e A i B K ARUR R4y Ph i 2 B 1R K1Y
PERIRRO S b (A LD R AR, sl sl



4 Wie L 25 YT A T 90 3t DX A2 bl e 7K - B DR ORUBE IR A I 3 A PT RER 3R

No.4 CHEN Haishan et al. Relationship of Synoptic-Scale Transient Eddies and Extreme Winter Precipitation Events in the ... 809
(b)
26FEB1985 26FEB1985 § 26FEB1990 26FEB1990 {
21FEB1985 21FEB1985 21FEB1990 21FEB1990 1
16FEB1985 16FEB1985 > 16FEB1990 16FEB1990 1
11FEB1985 11FEB1985 { 11FEB1990 11FEB1990 =
6FEB1985 6FEB1985{ = 6FEB1990 6FEB1990 ]
1FEB1985 1FEB1985 1FEB1990 ‘ 1FEB1990 {
26JAN1985 26AN1985 { 26JAN1990 26JAN1990 {
21JAN1985 21JAN1990 21JAN1990 1
16JAN1985 1 16JAN1990 16JAN1990 1
T1JAN1985 1 11AN1990 11JAN1990-?
6JAN1985 | 6JAN1990 6JAN1990
1JAN1985 1 1JAN1990 1JAN1990 1
[———
26DEC1984 26DEC1984 | 26DEC1989 26DEC1989 |
21DEC1984 21DEC1984 1 21DEC1989 21DEC1989 1
16DEC1984 TR P — 16DEC1989 16DEC1989
11DEC1984 11DEC1984 1 11DEC1989 11DEC1989 |
6DEC1984 6DEC1984 1 6DEC1989 6DEC1989
1DEC1984 1DEC1984 , , - {  1DEC1989 - -
6 E 0 20% 40% 60 80E  100E  120E 0 20% 0%
Percentage Percentage
(d
267E81995 {7y 5 26FEB1995 26FEB1998 |
21FEB1995 21FEB1995 =— 21FEB1998 |
16FEB1995 S — 16FEBI99S {—— 16FEB1998 16FEB1998 }
11FEB1995 11FEB1995 o= 11FEB1998 11FEB1998 {
6FEB1995 - - B6FEB1995 4 6FEB1998 6FEB1998
1FEB1995 1FEB1995 1FEB1998 1FEB1998 =
26JAN1995 26JAN1995 26JAN1998 1
21JAN1995 - 210AN1995 T——= 21JAN1998 f——————
16JAN1995 16JAN1995 16JAN1998 |
11JAN1995 - 11JAN1995 11JAN1998 |
6IAN1995 ’ 6JAN1995 6JAN1998 1
1JAN1995 WANIOOS I 1JAN1998
———
26DEC1994 26DEC1994 1 26DECT997
21DEC1994 21DEC1994 { 21DECT997 ==
16DECT994 16DEC1994 ] 16DEC1997 { 16DEC1997 1
11DEC1994 11DEC1994 ] 11DEC1997 11DEC1997
6DEC1994 6DEC1994 = = 6DEC1997 {
1DEC1994 1DEC1994 , . 1DEC1997 . ;
60E  B0E  100E  120E 0 20% 0% 6 80E  100E  120E 0 20%  40%  60%
Percentage Percentage

— T N e
4 6 10 12 14 mis 4 6 10 12 14 mis

K6 [FIIE] S, AH A AR I s 6 i 28 E— I 1] T
Fig. 6 Same as Fig. 5, except for the transient eddy packets (instead of transient eddy intensity)

27FEB1998 27FEB1998 1

25FEB1998 25FEB1998 1

23FEB1998 1 & 23FEB1998

21FEB1998 21FEB1998 1

19FEB1998 19FEB1998

17FEB1998 17FEB1998

15FEB1998 15FEB1998

13FEB1998 13FEB1998

11FEB1998 11FEB1998

60E 80E 100E  120E 0 0%  20%  30%
Percentage
m 25 50 75 100 125 150 175 200 m%/s’

K7 1998 4F2 H 16~18 HERRMALRE (L, a—c /iR 16~18 H, Ffi: m/s). S0°N~65°N V1 117 AL i i fE 22 FE— I TRl F i el (o, P
m*/s”) RE H R AR EOKI G0 E 42 (), 86 %)
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