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Abstract The spatial and temporal structures of intraseasonal oscillation (ISO) associated with the summer rainfall of
1998 over the middle-lower reaches of the Yangtze River basin (YRB) are investigated using China gauge-based daily
precipitation analysis data and NCEP/NCAR (National Centers for Environmental Prediction/National Center for
Atmospheric Research) reanalysis data. It is found that summer rainfall over the YRB exhibits marked ISO activities in

1998. Based on phase-composite analysis, the alternating cyclonic—anticyclonic circulation pattern propagates
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northwestward from the western North Pacific. A maximum rainfall anomaly occurs over the YRB when an anomalous

low-level cyclone appears in situ. An anticyclonic circulation anomaly, with pronounced southwesterlies, appears to the

south of the YRB. The vertical motion and specific humidity anomalies associated with ISO exhibit notable northward

propagation from the tropics all the way to the latitude of the Yangtze River during the summer of 1998. The enhanced

upward motion, low-level vorticity and moisture favor strong precipitation over the YRB.

Keywords Summer rainfall in eastern China, Intraseasonal oscillation, Structure and evolution characteristics

1 3|8

bR EE, KRAFEHTARY (ISO,
Intraseasonal Oscillation) % 3))5 Wy & 2= XAEFA 1)
FYI R A BB EAOR B AT IR LR
(Yasunari, 1979), FEZ5 12 W77 vE 0 AW ol Fil 5¢
2, DA ROULIN B 6L I 3L 2 4y % 1A Bkl
RN 75, AT 1SO - ™ AR s b 27 HL
A F AR AR R R T AR S TG SRR AEAT T SR AT A
PHIHFSY (Krishnamurti and Subrahmanyam, 1982;
Murakami et al., 1984; 245524, 1995; Jiang and Li,
2005; Li and Wang, 2005; Wang et al., 2005; Figttg
&% 2008; Qi et al., 2008, 2013; Hsu and Li, 2012; Li,
2014). HIF ISO FEBAF KX R HA
FLRERm, AR RS e TR, 1SO (1)
TR WA — AN EE N FEER R RS
R (WCRP) 1 J& 1T AR A4 S ] PR ok
W5 (CLIVAR) ¥ KA1 Wk 0 B
FEEWRN AL —, 1 CLIVAR B4R 58 F
T F 2006 4 % A7 ) MJO ( Madden-Julian
Oscillation) T4 41 1) 3= BT 55 i & 5 ) T H i A
X RAFETHRG RN T KRS
AL 55 T - (Seo et al., 2007; Vitart et
al., 2007; BU/NESE, 20125 BRI, 2012).
JLHH G, 4 WMO/WWRP-THORPEX (World
Meteorological Organization/World Weather Research
Programme — The Observing System Research and
Predictability Experiment) F1 WCRP L[ BME T
TEREIFSEH T “ R I iR, A
R H v AR A Fey KA  N AR ) 2 B
A, MIO BTN Ay s TR A TR 0 271 I i) RE ) 32
KPR GFHEAEMPAB TS, 2014, Kb, WAWFR
KA NI 1058 SR, OO TRIE
FNRGA A TELL, 11 B T2 RUXC R R AR T
DR FLA S B 3 3o
AR T FAy b DX PR R AR N R 6 P B K
R G XIE S BAT I (B54R4E, 2013),

[F) P DR A1 A 9 35 11 R e i 55 A 7 1 R g Vi
HENGEH & VKR GEUIAZS24, 2000;
Lin et al., 2006; JaatHE45, 20105 FRie4E, 2011),
SO JH I P AL 5 R i i 52 2 AT ) (1) 5%
i) 5 6 e PR A g A ) S o AR R AR, AR
Ul Ay B2 IR R B KA S BUR S HLIX
()AL 5 Bl S A AR i R AR A e e A, BLKIT
HH R U DA AR A R AR DX B = K S
AR R T B R X PR R SRR Y
i%4h (Zhang, 2001), WEHEZHKIFETNIRG
ISO & & 11520 (Lau and Chan, 1986; Yang and Li,
2003). filtn, 1991 45 5 Z=yT s 1) 5m K, 1998
SRRV R R 5 DL S 2003 AR VLIE v S Fe
K#E ISO #& B % UIAH L (Zhu et al., 2003; YL
TS AE, 2005; K ZEEE, 2008), LK IHLE
7 [k BB Gy 1SO WESh G HAE R, 3R 4
S Hb DX [ i B KA B L) k. Yang etal. (2013)
M i AR 2 R AR A 2 S R T
KAETNIRGTE 2011 4F 6 AR R X (1)
FE TR e . AR X L, 1SO 15 3)
X A 0 2 AR B AT B2 I HI/E ] (Wang and
Xu, 1997), il F I A AT b R Ui Sy v
XK SISO 15 B K HoAL 5 45 2% D) IR IEE 5
(REAEEE, 2005; FIE4EF1IT —J, 2008; Yang
etal.,, 2010), Lauand Chan (1986, 1988) [{IH5%
o, FRIEA T Y R Al 1 R A% 2 R i
X 40~50 KI¥) ISO MFg [ b AE A S DI R .
AR X 7 [ K 1) 22 SR AN 52 21 A re i 1) b A%
& 1SO FIHIVER, TRt a2 21k 1 7RI B BV
R i o i i R B 2R XX 1 P 1) AR B AR #R ¥ ISO
DL NP FE AR ) PE AR AL BB 11 ISO I sgme (ff]
4G4, 1984; Chen et al., 2001; HizEdF4E, 2006).
AR T 4 R SRR K VL Ui B 2= B K 1) v
7R RSN T i Rk = VBl & e Rty N e S = )
ZEARAN, T R AR A S B R R AR R i
BUEISABLT Rossby 3 [l AL 7] P4 AL AL & IR I ARG
M—H A RG520 (Mao et al., 2010). ¥



31 FrHEZE S 1998 4F K KA TIOR3 9 3 () 45 K38 28 S ST K (R 5

No. 3 QI Yanjun et al. Structure and Evolution Characteristics of Atmospheric Intraseasonal Oscillation and Its Impacton ... 453

FREAZE (2012) X 52K T itk i 4 M 2 W 1 4 Bk
KA IR IS AT T (900, A P
PEIR T AR P AN [ I 8] RRE < IS0 14
1¥1) A% A4 FHAE o A8 Ak b5 KT 00 3 45 8 2k e 7K 22 1) £
BEPAR.

DL ERFSESE SR8, 1SO & B KT itk th X
B IR K A A LG . 1998 4F E KL
IR IR AR IR S i B K A T
PGRFAE, 1SO FRIAE SR BT FRBY B R 7K1 A
ELER P ATRFAE AT, LA A 1SO 3 8l SR e ) K
TR B K = A . ASOR A A AR & 1512
W70t 1998 4 5 3 2 350 5 2 i B AR B 2R 1)
ISO = 4Emf X i RFEREAT 204, Il ISO 7K
VT 45 04 (7] R JR 38 AR SR 48 7 it IR 2 XU B
SRR B 32 By IR AT A 58 3 76 K T I 3 5 e
KR 7= A R e el R b ke A
2 ERFNAE

R ARG (D PESZREGET
LB [ H KRS s %8k (Shen and Xiong,
2015), J3#Edehy 0.25°X0.25°, XS Rl
A s I 32 H 2400 SR, 3l
AU R AL — B RS BEK R (2)
NCEP/NCAR [P &h [ AN ZE ) R\, B I, ELii
GRS FRESE R Z BBk, KPR 2.5°
X2.5% DL AR ORI R] P 41 K 4 1979~
2007 4E3EL 29 4F,

SCH R AR A B 720 ISO [ I 2538
A ] H = Y A MR AEEAT 23 A

3 1998 FEFMEKNGREZTTR

A SN

1998 4 5 2= [EA YLk 2R T Y -+ 2 4 A
KA IR R UK, R4 2 AT AR b b X
TERRATET DRI A R KR R, FEOZ X S
BT FAEABI KUK, E 1a Fioas 1998 (£ 5 %
5~8 H BB/ A, AEPY)INZRHR. B, Wby
i WAL VLR ALERAE X 5~8 H K=
— L E] 800~1000 mm, JLHZEKILH RIFH
TLRHBIX, [ KT 1200 mm, 51164/ AL
PEAL X 1 5~8 H iy BRI KE 2 5k 1600
mm LA . FIHAEMIEL, 1998 4F 5 25 KT A i 1)
B 7K AL IE AT, 52 110°E DAA VT g H X EL

SAEEIBE K% 400 mm LA I, 53R 45 bk
AT PGB B K % 600 mm Mz LA -, FRakft
BN AT A E MR ARV LG . IR WD A
AR, T K S8 X0 A 1Y) 2 W R KR
KA (H 1b),

1998 fFE 7=, W MK IE IR E 2 A fE
110°E DUARKAITH MRV E R X, MAifE—
I B R 22 g T P A, KV kb X 28 5 T
VOB E K RS (B 2), oK B, /s
MNEE A R X A7 B 2 b 3, 765 A E]
6 HHI, MR T K2y 22°N [HAERHIX, 6 H 11~
12 HIF4R, WA sk b HERE 2] 30°N LLrg KL
WAk, 6 HHp NAIW AR e thEREAEV IR X, BR
K, BRI, VO, B WD, A
5L AE PN TR YL T M DX I P R K R OR
AR 7 A NIRRT IR
SRR, FHER— R PR R A b, ARV R ek L
A e SR AL RE s, AN A B AR R X ) G A 3
M. WA 8 HAIE] 8 H) bk )3
35°N [If7 o

PLEAMHT T B e, 1998 4F FhH 245 3 b X (1K
YL RVt R 2 K 2 A B S ) 1 AR R
fEo FIFH 1998 4E 1134 H B K B8 kb6 KV H R
B TR, W 3 Fran, KT R
X B 2 B K BLAT 2 2 0 RN 30~ 60 RINZETT N
PRGHFAE, X — AL 30~60 K17 N IR IS
52X )RR AP s K 2 TR R I R DA S ZE T Y
P 5 nR BE K )R A A BRI E R . BAR
Rt KRR AR (BURfRRh 1SO) #68
KA 30~60 Ky il 8 IX — 45 By L 11
P o

M 1998 41 5 Z= [ K [ 1SO Frifk 2 43 Aii & _F(&]
4a), 110°E LAY LA R 0 5 2R mi 0 b X #48 2
I1SO &% R IEAL KX, 1SO e A il ik (1) X AR
AR BT A KV T A I DL (R AR H X, [ s
FETHT R 2R VLG A G 2 1SO TG sl
XL 1b FE 4b nTLUE 2, 1998 45 B 2= /K Sk
T 22 (L X AT R A L DL b IX, 2 1SO 3%
B R X, X B 1998 fEE ZERE K R
i 2 ] 5% H X (1) 1SO R i S VIt R,
TR FRATT B 73~ T K VT 3 SR Tk R o T 34 i) 1
SO 7 A R e JR v AR 25 = 4 45 Ko ok 43 HT 1SO 7 1998
SERPSPE R A R 1R



N W 40 3%

454 Chinese Journal of Atmospheric Sciences Vol. 40

55°N 550N

50°N 1 50N 1
45°N A 45°N 1
40°N 40°N 1
35°N A 35°N+
30°N - 30°N 1
25°N 1 25°N 4
20°N 20°N 1
15°N 159N

80°E  90°E  100°E  110°E  120°E  130°E

400 600 800 1000 1200 1400 1600 1800 mm

80°E 90°E  100°E  110°E  120°E  130°E

200 400 600 800 1000 1200 mm

Bl 1 (a) 1998 4FE 7 5~8 JIBI SRR CFffii: mm), (b) 1998 4EAHNHT 1979~2007 4EE 7 5~8 A4 RBUE/AKIN M2 (Ff7: mm)
Fig. 1 (a) Distribution of cumulative rainfall for the period 1 May to 31 August 1998 (units: mm); (b) departure of cumulative summer (May—August) rainfall

in 1998 from the climatology of 1979-2007 (units: mm)
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Fig.2 Latitude-time cross section of daily precipitation (mm) in 1998 averaged in the longitude range between 110°E and 120°E
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Fig. 3 Power spectrum (curve with circles) of summer rainfall in 1998

over the middle—lower reaches of the Yangtze River (dashed line indicates

red noise spectrum; solid line indicates the 95% confidence level)

55°N

()

50°N

45°N A

40°N 1

35°N A

30°N 1

25°N A
20°N S/{é
/ ///
15°N T r T . T “ﬁ
80°E 90°E 100°E  110°E  120°E  130°E

s I N N S N
0.5 1.0 1.5 2.0 2.5 3.0 3.5 40 45 5.0 mmd"

FEIE . 8 MIELALAR LW R : B 1998 4 5 =5
—ANECKIERIA] (g KBk (Wil s B,
FEHT— AN /ME B R AL S 1) — AN 5/ ME R 1)
B ) [ B A — AN 3 3 R —AN 38 H (1) ISO I 38,
TR B A e R s K AR R 056 1 (A, B R
K )\ 72— IS R AR 2, 3, ..., 8 Al (K]S
AR T ). A 1L 3. 5 R 7 4R R A 2 R
IK e /ME S B ARE A IR S K E AT IE
T3 R SE I TR . R, 565 1 A ARAEE S A7AH 4
WA KT R X 1SO [ TR AL A . M
B S sl LLG H, A4 ISO PG 3R [ RIS — 1
T, X PG )4 3 L3 2300 8 32 R 33 K,
SPYREMARZ W R LA ZE 4 RACAT
4.2 1SO SEP&/KF0 850 hPa IRIFHY B BAR T4HE
HRAE DAL ISO JE 3G IR R ORI AR 32 S, X
1998 FKJTH FUFHIEHLX. 1SO FALAH 1 K
850 hPa K7L ST FIAE . KV AR EERAT
PEAHA R RZ W R AT iZIX 1SO KK E. K
Je A AT A 5 — Y 45 K (R I 25 03 AR
42.1 1SO & MK eginks A M (% 1~34248)
TR IR K R 2 11 1998 4F, 30~
60 K 1SO IG5 K R 850 hPa JXI7 )3 4L 8 M
G WA 6 Fras. fes8 1 AAH, KILH R &
UL X AL T 5D BB B, VLR KB 47 K
S TR, BRI K R AL 110°E
PLAR YT R DX, B HZ X A T S5 T AR B B
(6 a1 ArAHD, Ay pE s A7 B S 1) 4 e

55°N

(b)

50°N 1

45°N 1

40°N 1

35°N 1

30°N 1

25°N A - ~ S |
| .4

20°N+ / ;W

p ),
L5N R

80°E  90°E  100°E  110°E  120°E  130°E
10 15 20 25 30 35 40 45 50 mmd"

B4 () 45 30~60 RUBWIN 1998 EELE (5~8 H) BoKbsik 2o fiis (b) 1998 4E R EROKIbsE R i $fz: mmd
Fig. 4 Standard deviations of (a) 30-60-day filtered summer rainfall in 1998 and (b) May—August rainfall in 1998 (units: mm d ")



N W 40 3%

456 Chinese Journal of Atmospheric Sciences Vol. 40
80

127

=

g 99

£ .
2] ]
g 0 £
E g
E 3 =
g 'z

a

g —61

o

=)

o 9

&

o — 12 4

1 May 1 Jun 1 Jul 1 Aug 1 Sep 1 Oct
Date

KI5 1998 4EKITH FUEBIX H 5 (5~8 H) BHMK: (4154, y MA AR, #fi: mmd™) FZ5L 30~60 KN 1SO FH HoK it CHlsk
2,y HZCMARKR, AL mmd) WFREY, [ R 1SO 1 8 ANE AT A
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