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Yu Qun, Sun Yue, Li Jianping, Wang Jianbo, Zhang Ke, Zhu Xiaoqing. 2023. The leading mode of autumn rainfall over the mid-
lower reaches of the Yellow river and the climate background of extreme autumn rainfall in 2021. Acta Meteorologica Sinica, 81(4):547-
558

Abstract To investigate the climate background for the extreme rainfall anomaly in 2021 over the mid-lower reaches of the Yellow
river, this study analyzes the leading mode of autumn rainfall over the mid-lower reaches of the Yellow river during 1951—2021 and
its relationship with the extreme rainfall anomaly in 2021. Rainfall data collected at 160 stations in China and NCEP/NCAR
atmospheric circulation reanalysis as well as NOAA sea surface temperature (SST) reanalysis are used. The result of Empirical
Orthogonal Function analysis reveals a consistent autumn rainfall pattern from the southeast of Gansu province to the west of
Shandong province, which covers the mid-lower reaches of the Yellow river. This pattern is regarded as the leading mode of autumn
rainfall over the mid-lower reaches of the Yellow river. The time coefficient in 2021 is the maximum since 1951, consistent with the
extreme precipitation in 2021 in the region. The extreme event in 2021 is a typical example corresponding to the leading mode. This
study uses the time series of Autumn Rainfall over the Yellow river (ARYR) to represent the variability of this leading mode.
Analysis reveals that the interannual and interdecadal variations of this mode are affected by El Nifio-Southern Oscillation (ENSO)
and Pacific Decadal Oscillation (PDO) with more rainfall during La Nifia phase and negative PDO phase. Further, the leading rainfall
mode over the mid-lower reaches of the Yellow river is closely related to SST anomalies in the mid-latitude North Pacific with more
rainfall under higher SST. The mid-latitude North Pacific SST (MNPSST) index is calculated over the key region in the North Pacific,
where the correlation is the most significant. The MNPSST index is the highest in 2021 since 1951. When the MNPSST index is high,
the regressed high-level (low-level) anticyclone (cyclonic) shear occurs over the mid-lower reaches of the Yellow river, and strong
upward motions develop over the mid-lower reaches of the Yellow river and the Marine Continent (MC) region. In the autumn of
2021, there are strong upward motions in the northern South China Sea, and anomalous easterly winds over the northern Pacific are
obviously stronger. As a result, water vapor flux anomalies could split to southern and eastern branches, reaching the mid-lower
reaches of the Yellow river basin. The leading mode of autumn rainfall over the mid-lower reaches of the Yellow river is strongly
related to the intensity of SST anomaly in the North Pacific. Positive SST anomalies in the mid-latitude North Pacific are one of the
most important factors affecting extreme rainfall over the mid-lower reaches of the Yellow river in autumn 2021.

Key words The mid-lower reaches of the Yellow river, Leading mode of autumn rainfall, Extreme rainfall in 2021, Sea surface
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temperature anomalies in the North Pacific
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Fig. 1 (a) EOF1 of rainfall during September—October based on the rainfall data over (32°—40°N, 104°—122°E ) from 1951 to
2020 (color shaded; black dot: stations in the mid-lower reaches of the Yellow river), (b) principal component (bar) of the leading
mode and ARYR index (black line) (dashed lines represent 1.5 standard deviations)
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Fig.2 Percentage autumn rainfall anomalies (color shaded, unit: %) in (a) rainy years (excluding 2021) and (b) 2021 (black

dots same as that in Fig. 1)
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Fig.3 Raw (green contour) and abnormal (color shaded, unit: gpm) geopotential height at 500 hPa and abnormal horizontal

wind (vector, unit: m/s) at 925 hPa in (a) rainy years, (b) rainless years and (c) 2021 (black contours are climatological

geopotential high at 500 hPa, the solid line box indicates the region of the mid-lower reaches of the Yellow river, the dotted line box

indicates the MC region (the same hereafter); the black dotted contours in (a) and (b) indicate the 0.05 significance level of geopotential

height at 500 hPa in rainy years and 2021 by student-7 test)
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Fig. 4 Raw (black contours) and anomalous (color shaded, unit: m/s) zonal wind speed at 200 hPa in (a) rainy years, (b) rainless

years and (c) 2021 (the black dotted contours indicate the 0.01 significance level of zonal wind speed at 200 hPa by the student z-test, the

green contours indicate areas with wind spee greater than 35 m/s and the contour interval is 5 m/s; the solid line box as in Fig.3

X o i 224 03 3 2 7K 13 2 43 A AR AL CETIG ) , ZK %
T — 3Ok [ PG AL KTV R BT R O D AR
S, I3 — 3OOk A B BE 2 KUY VY R K YRR, 4
LV AT b, 25 R AR P S AORIE &L B,
SR R, R AR KV GE R (1] Sa)
TE L 2R G A BB, 1H 2021 4 (8] 5¢) 74
A6 ATV ) A 5 T p 0 19 e AR RO S R R 2
AEER . 3Ah, ok ALK R KRS B ARE S 4
] R 8 1 96 1) W G T 1) BT R UK, 50k A
o AR A ) A K YR A, W S K PR R S 4 )
) 35 T8 T 300 38k P IR RN R R o D 2D AR K R GE 2 R K
TR U B R4 (] Sb) 5w 248 2 LT H
)53

5 MR R X ORI R R B
50 GXFFEREERBESHEM

R A K A 0 9 ENSO 1 5 bR IfE
(ZEBEHE S, 2000) , BEI] o 9 4 X K fin 22 4F o

1961, 1964, 1975, 1983, 1985 f1 2011 4 M i J&
R4, Hodr 2011 4R J& XURLJE Bk 47, 2003 A1 2005 4
WAk 55 JE 2R JE i [R] 1 AE ENSO 4F 5 B 7K i 2> 4F v
B 1957 4F F1 A /0 B 1965 4F 2 J8 /R JE i 1Y &
4F, 1998 4Ef 4 . Nino3.4 #6405 ARYR 5 %040 %
ZHiK-0.35, L 0.05 W FH KT KK, H IR
BRK 7= [ 7K 5 ENSO 36 & 1Y 4R A PR A2 1k 32 31 e
AEAR B A5 A6 B 8 1 (Li, et al, 2013) . ARYR #5 %K
EACPRAE 4L 5 PDO Y8« BB AL AR 1Y 5% 22 A AR 4 (1)
Xf G F (&I ), EhAE [ 25 (2006 ) 45 H R PDO
FRBCATVE AR AL AR AR PR T L 1R AR L T A — A 2
18Fr. ARYR FEEUH PDO $5 501 /N 43 B (1€ 6a)
FKH, R FE K 55 A2 L5 PDO AEAR B i) 91 [F]
AR, FE 10 a F1 20 a Ji AR A7 AE I A, 9— 10 a Ji]
WIAEAS ] Iy B oy 2, N4 Ry T 535 (8] 6b) |
[ FE AT AR 33X — 15 5 . ARYR 48 500 J& 1 55 1F
3¢ B Bk 2 88 ) v R JE R 7K 32 PDO AR AR B ARRAIE 11
SIS



T BESE . RKEEI T U R K RS B 2021 A AR i B K 1 S A 15 5 553

100 100
45°N = < —~
(a) }’"ja/\;xx (b) i\;\)\ﬁé*ééﬁ\)%—)"/—"’t/
40 g 144 ’ 7:"-19 #‘%\)\)\) PR a/»{;* 7w s
G /:/‘1,’1—"\\),;?—)%“?\; v x\g—‘<—<~ ~ N
3 ”;;;{/””*475%" Lo
5 A A 2 2 a7
\ 1y, 4 Vi L4V
30 - TT’T\\\\K'K&(_(,‘// E v
A e MIUINNNNKe T - . ARRLY
N | AL/
25 _\\v\v\s‘,(ev\'\\'\r\v\r\r\\ww Nt SN g
\\'\5*ek<_\\\‘i\‘\'r,\v\\<\.,w_‘_& \\"4/‘ \t'*“l} 4
20 177 7/‘ 7‘ A\ LY '\'\%’\\\\\_**&x& _\ > ‘/L/‘L/‘/ke— b, /\,
S SRR I SN N W\ ST e \\X' Q §
15 . 27> | a2 S t 1 '\v\‘l‘ PN P 74 xe — 1 s XA
80 90 100 110 120 130 140°E 80 90 100 110
100
45°N —
(c) 2 N &eﬂ‘,’;//
40 1 art /7¢¢‘e//
N —s <]
35 2
BN 7 N e /
30 > + 4 P

140

-
A

S~

K 9 2 N\~
» ?\‘<§ /:\ LR N S —

20 1= \\;‘m‘
N
15 'Jl)/)/l/‘ A
80 90 100

-5 -4 -3 -2 -1

s #ERSKERBEEEY (5K, 000 kg/(ms), u, v 4B T 10 ) FKEE S (BF, B0,
10° kg/(m?*s) ) (a. BEZKAWZ4E, b. BEKAM A AF, . 2021 4F; SEER T HER] & 3)

Fig. 5 Anomalies of vertically integrated moisture flux (vector, unit: kg/(m's)) and moisture convergence (color shaded, unit:

10° kg/(m*-s)) in (a) rainy years, (b) rainless years and (c) 2021 (vectors with zonal or meridional moisture flux less than 10 kg/(m-s)

are not shown; the solid line box as in Fig.3)

5.2 PFEKRZEM2021 FREREESEST

B U SR B AE S R A Y
M, 1951—2020 4F ARYRIE S 5 RIEE FH K
AHIE RO (B 7a) R WY, KV VE I 3047 7E 10 35 A4
DX, 3 ) 2 P L e ) B G S e R DX v £ R
RS- 1t DX TE A G L RS R 2R RSP AR DG DL B
Sl N e Ry N B DO WA R A T = S
ARYR 5800 = B, Hp 45 B b ROF- 7 i R IR
i 8, B TR 2R ROV 3R T BE IR AR, I 7K AR 20 4
WIAH 2, 434 5 PDO %5 [ /AE 85/ 25 bl . &l 7b.
c WIR R £ 4F 5 2021 47 ifF 2 5 B 5 78 KGR
EREEVERR AR . 2021 472 XU J8 iR AT, {1 f 2 41
IR TE AR R T T 2 T R Y A R B R T B B 5 T
2021 4F o i 22 Ay v 4 B2 A6 RO 1 o i 2 L
BB T IE B, 2021 A IE SR 8 LK L 5 E R,
& Kt 2°C, 1964 F1 2003 4F 5 % 58 B 78 1.0—
1.5°C (M%), 2902 2021 4E (10—, fi 244 i A

TE0.4—0.8°C o X — 43 BT R W] b 26 B 40 K7 7 rh i
T 22 I B 1 S 3 I SR R T A 2021 A B i B K 1
I A T,
53 FXFEFEMFEREEFREXNEKNIER
Tk 2 BT T IR R K S AR AR R RTAR AR B R
E LS R VFEFEERIBEARVCR (KR, M
AR, A LR REE SRR
3B, R IR 2 A G X (28°—40°N,
166°E—164°W ), X i 2 il B 55 5 DX 37 35 IF A80br
YE AL &b B A5 21 v 45 B b RSP 9 I 3 IR 3 B (R
FK MNPSST), 5 [A] ] ARYR A 3¢ 2 B0 M 0.43,
Wit 0.001 2 F KV (K%, = T PDO. Nino3.4 8
B W5 uE PR AL, S R ECN 0.39, 173
WAL 0.001 W F A ¢ K5, B3z BAFEAR PR I, 47
PrAs Ak 2 maATke = 2/E . A (5—8 J )MNPSST
5 ARYR $8BUMH GRS 0 IE, RITTHIR . ER X



554

B DXV 2 Il JEE S R B AR OR AN S A —
5 7R T S o 2 bRV 3 T 2l e 1, A28 S

Period (a)

Period (a)

<)

oo

16 |

1960

1970

1980

1960

1970

1980

1990 2000 2010 2020 Year

1990 2000 2010 2020 Year

172

1/4

1/8

12

1/4

1/8

H

TON

Acta Meteorologica Sinica

T

PH

TN

K45 2023,81(4)

ISR, WOR TR IR 8 S B

Ui, AU S AU LA 2 3 DL A% 6 g 1 3

1.5 F

Power

0.5

Power

(b)

8 32
Period (a)

Period (a)

Kl 6 ARYR (a;. by) 55 PDO (ay. by) FEHUFH (a) /NEIHT CHLSLLNLIRA AL 0.05 535K ¥, B (Xl A X ) Al
(b) RRIIRIESHT (Ll WL st 0.05 B3EKTF)

Fig. 6
edge effect area) and (b) global power spectrum (dotted lines indicate red noise reaching 0.05 significance level) of ARYR (ay, b;)
and PDO (a,, b,) indices

(a) Wavelet analysis (bold solid lines indicate the red noise reaching 0.05 significance level and the light color represents the

60°N - =+ ~ . —,ﬁq,»&rﬂk\ = T
T e B
20 . \a e
EQ 1% « Titnog, ey — T
20 i g- C‘j:i> A 3 / J
40°S A . . s > . —t . E
0 60 120°E 180 120°W 60 0 0
1 I 1 1 I — —
-0.38 -0.28 —0.20 0.23 0.30
60°N 7=
40 _;%)_\
200 1. .
EQ T \y\\(&,
20 A Fa - ‘
40°S 4 . . _ ] i .
0 60 120°E 180 120°W 60 0
T T T T T e
2.0 -1.2 -0.4 0.8 1.6

K7 1951—2020 4F ARYR $5 5 1 SR B AU AR SC R B (a, 5Lk XK 0.01 835 KT- ¢ Ky, M €Ay b 26 BEJE K
THHEX), 24 (b) F12021 4F (o) HERIRBEIIT (HLRIXiEIT 0.05 BT Hi)
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Fig. 8 Interannual and interdecadal indices of ARYR (bar) and MNPSST (red line), and the thin and thick lines indicate the

9 a moving averages of ARYR and MNPSST indices

MC X35 (Sun, et al, 2023), fff MC |25 L F+iz g
R, 38 o A ok PG A e [ R O R B e N A
HETT 5 m J6 77 K .

# MNPSST $5 %151 5 £ [7] 1 500 hPa {7 #&
JE 1925 hPa X7 (Kl 92), 51 Z4FE & M 5% %
(FE 3) AL, 24 MNPSST 5 %50 = 155, £ B 037 345 5
BEIE 5%, 925 hPa i 2 B b KV VE R H AR —
B A SR RCROBERR R, AR AT T 0.05 K
A (11 I R N8 N R VA e W) (s W 4 T
R S T, RISk B H R 2 R T A 0 9 KR
FE B R U L XA AUE DA . MNPSST 45 £k
XF 200 hPa £ [6] 5 5 K3 [ 43 (€ 9b) BoR, &

60°N -

40

20

EQ

20°S

-30 20 -10 0 10 20 30

22 P K2 B AR MR, 5 iR 244 5 % (Kl 4a)
— 84, HT R U X T T A I A R X, IR
2R A X (] 9a), S 1 AR A b 4 DX 3t #1530 2o
0.05 &2 Z 7KV ¢ K

MNPSST 5§ 50 %F 105°—115°E F ¥ 19 3 5
& 3 0 1 05 40 B (P 10a) 2 BH, 30°—40°N Ay 3 11
| 3z 3 Al 35 200 hPa, 35°N Fff T b Fb 3 B A o,
W i b B B 0] 37 45 900—700 hPa ¥ BF ik % 0.05 &k
KOV ¢ K5 MR TR X S A R s s sh, B
900—100 hPa fm B &RiE T 0.05 B /KT ¢ KiK. 3l
S REMVER (Lau, et al, 1996; Li J P, et al,2019),
T A R o X 9 o 30 2o 2 1) P b AT I A

ST ploo
-Wﬁ:«4< .
Yy s

......
TYYNT 4y

PPEREY TR e

- & ATAAT

0 30 60 90 120 IS0°E 180 150°W
g
-4 -2 0 2 4

9 1951—2020 4F 9—10 A MNPSST $5%0%) (a) 500 hPa i3 (@B, #47: gpm) . 925 hPa X% #1 (b) 200 hPa X
Y (B g X, 807 mys) BRI AT ORSBRIA A, 07 m/s; 00 85 K Bk 3 5 0.05 BEKFE ¢+ #36)

Fig. 9 Regressions of (a) geopotential height at 500 hPa (color shaded, unit: gpm) and horizontal wind at 925 hPa, (b) horizontal

wind and zonal wind speed (color shaded, unit: m/s) at 200 hPa onto NPSST index from 1951—2020 (vector, unit: m/s; green dots

indicate the 0.05 significance level t-test)



556

200 {7
400

600

Height (hPa)

800

1000

Height (hPa)

Acta Meteorologica Sinica %R  2023,81(4)

200

400

600

800

1000

10°S EQ 10
Ry VIR
-60 —45 -30 -15 0 15 30 45 60

K10 (a) 1951—2020 4F MNPSST #5404 105°—115°E -3 36 ELH B2 A9 [0 )9 7047, (b) 2021 4F 105°—115°E P33 ¢
TR IET (A, G005 KO 0.05 3K K, #07: 107 hPa/s)
Fig. 10 (a) Regression of zonally averaged vertical velocity between 105°E and 115°E onto MNPSST index from 1951 to

2020, (b) anomalous zonally averaged vertical velocity between 105°E and 115°E in 2021 (color shaded, green dots indicate the

0.05 significance level /-test, unit: 107 hPa/s )

R B T 5 M Y o T 3 I SR % X O T2 B i,
HARM Ry #esm FITIX . 2021 4E 1737 (18 10b) Y
ANTRVEE F, v P I b A7 A6 SR 1 b T8 B X,
30°N FffUZ % JZ (700 hPa LA F) A 3 (1 F T, PEIL K
ST R AR R P A R R, AR L VTR R K e D )
P H AR, B PR Ui X R OK R £ .

6 ZEEHIE

Ph 2021 4F Rk 2 v [ b 5 i v e 7K S 8 A A f
T 560 A A, BRIT & R A A T v T Vi L XA
TE— SR oK ERE, EHIE Am T, &
FEINARBVGH . EZB SRR 2510 5 oK £
/70 AE B L 5 SR AR DC T, SR T R K i 22 /20 AR Y
Sy A RFAE, AT R BRI i X B K S B AL 50% 1 )R M
J7 25, FEAI BT 2021 4Rk 2 [ K B R i b
DX R it P, Oy LG AR 22 A Bk 2 T P I O R K A
Ao 2021 AFERKZEREK S0 I 22, 2 B0 T iR K
— R 22 RS SR R Y

R K BACAEPR AR BR AR b 5 v £ AL ROF
W R AU B, Bk R 2 4 h 4
JE A K 1 Hp R I R B N IE R T, B S AR R
], 2021 4R 3R SR W I ) | AR AR, Gk
P KR Z4E (1964, 2003 4F) 1 2 1%, /b 4F 1% X
Sy SRS UG R B2 vy N e B s S Y
IE 58 5 2021 4 B i B K % DDA G, 32 6 B X i
REEMREES - RER. EERARA, 14
JE b RV T 2 UL BE S 17 9 S 0 ) R i

KRR S 0 — A EH T I 2 B 2022
A8 H A XM R IE SR W, (H 9 HArkH
T 3R LB T S H DX ) VY A% 2, O B DX R I B E
WA, 9 B R R K IROR B3, JERF
T O DX 2 L B S 5 T PR R R K B 2R TR
WocHE TR N Y. P IR R R Y
1 019 I8 A% B 21 7 PE K B Hb X (Sun, et al,
2023), B KAAAE L, W 1 Al b DXOGT A o
5 A PG b SR ST 3 R AR 8 S T R ) R R U
TR
FRSEAK R EIE T RIATMN RN RHE
A4k, 75 0°—180°—150°W b2 5k ih 5 45 i, ok
s 22 4F- EL 7R W8 A1 AR R IR, 2 SRR AR %, AR
V5 25 2 AR AL 2 A A6 Ak e B RN R BP0
FHI 5 2021 45 PG A6 AT 7 @ B = e 3 s 22 4F B 2
Pt . O P4, i B A6 TV 1 A7 4 g B IE B TR
SR, T B X R X AR 2 R A S k. w2 /0
AF A A AR H AR I AL/, AR R S A
A DK A St A N S PR T 20211 AR Bk = b U5 ik
R 7K AT B9 07, 2021 4F KT 40 m/s 8 25 200 B
EZCS N A NN A WK N T B 22 o) SRwiil= 94 il
-3 — 3k B VG AL KTV R BT R A D AR
U, 3 — SOk B 2R KU VY R K YRR, A
1 F) K R W X 2021 4F 5 A6 KOE VR B G
o P )0 7R I S RN 2 AR TR, g ARk A
JU R R K IR 2 HASTE 5 A b B AR U U AT 1)
BT U X5 0 AT K PRGE RO ) -3 )



T BESE . RKEEI T U R K RS B 2021 A AR i B K 1 S A 15 5 557

HHI o

2021 4Bk Zx b 7 B K Sy A5 A 0 LK 1 T
HOHAE . Liu 55 (2022 ) $3X — 4 i F 44 9 KT 95
RS- P B AT 1R 1) P 9 Bl AR, BT — ROP T
M0 b VA % T T S L R AR RO B T SRR
S ARG RV I A I 2 L E SR e b R
S R AT R R v [ A R LA PR R B
FISE I 5 Sun 55 (2023) 8 H #f K VG ¥ #ak KT
T B TR R S8 DA B R 2 BROACIR AR R AL RO
3% L [R) Ji0 a 7 96 F  OAC t b IXC 1% %o R D B 2
JRUCIMY) 38 58 A T 7 M R B X 3 & T A6 P 1
PO R KR, 351 9 A EJE T K S F R
%o M KA PR KR A WA mE 5, X
CEASRR S TS AT R 8 VIR
ST 2T N AR G LB T IR AT .

SCR BT 2021 AFFK 2R E G O R OK R
T 2 IS, INBEK & AT, bR R 2 BT 48 1k
2 HO] R A AR B K R — SR Y BRI, XHIE A
RS 1 9 2 TR SRR R TR A R 2021 4F
e it B 7K 00 B R AT T 00 20 2 W o . 2021 AR K
TR K SR BB B R0, U R R | R
Ui RAME M = T, o R Z R 0 B
MU AL N 5 100 77 46 45, A e itE— 20 BT FIiE 52

Sk

IR, FECTR. 2004, HEPURK R Y SRFFAE SR 70T R4, 23(6):
884-889. Bai H Z, Dong W J. 2004. Climate features and formation
causes of autumn rain over southwest China. Plateau Meteor, 23(6): 884-
889 (in Chinese)

RN, 2555, FEEW. 2020. 2017 4R PYRR AR R A28 KBRS 5 AIE B
ML, 25 R4, 39(3): 560-569. Bao Y Y, Li Y, Kang Z M. 2020.
Characteristics and mechanism of monsoon circulation anomalies in
extreme autumn rain over West China in 2017. Plateau Meteor, 39(3):
560-569 (in Chinese)

BRI, BRI, BREEAE. 2021, A BRI 5 R AR AR R (PDO) B
ZS FRAE AR AT HT. M S ERBERFE, 26(5): 482-492. Chen G C, Chen
Z,LiX, etal. 2021. Analysis of the temporal and spatial characteristics of
the Pacific Decadal Oscillation in global warming scenarios. Climatic
Environ Res, 26(5): 482-492 (in Chinese)

BREIE, BG5S, B ELAE. 2017, R X BT 2R MK A e 0 RUBE T, 1o
A %24, 28(2): 129-141. Chen L J, Gu W Z, Bo Z K, et al. 2017.
The statistical downscaling method of summer rainfall prediction over the
Huang-Huai valley. J Appl Meteor Sci, 28(2): 129-141 (in Chinese)

i R, SRILZ. 1958, MK MBI TEER, 29(4): 264-273. Kao Y

H, Kuo C Y. 1958. On the autumn raining area in China. Acta Meteor
Sinica, 29(4): 264-273 (in Chinese)

AT AL, 1984, T F KR X 9 7341 B ACH L. “C4¢, 10(9): 10-13. He M.
1984. Distribution and long-term forecast of the main autumn rain areas
in China. Meteor Mon, 10(9): 10-13 (in Chinese)

ZEIDERE, FHETE. 2000. ENSO HHHEHU S TEARIISE. R4, 58(1): 102-
109. Li X Y, Zhai P M. 2000. On indices and indicators of ENSO
episodes. Acta Meteor Sinica, 58(1): 102-109 (in Chinese)

RN, i S, LA, 2019. 2017 £EFK AR VE R R Y 22 I ] ROBEAZ ARARRAE K
T, S48, 45(8): 1104-1112. Liang P, Zhou B, Ma Y, et al. 2019.
Characteristics of variability on multiple timescales and cause analysis of
autumn rainfall in West China during 2017. Meteor Mon, 45(8): 1104-
1112 (in Chinese)

Mg, M2, PR PB4, 2012, 2011 4FFRKZRAE PUAK R 575 B LR 437 <
4, 38(4): 456-463. Liu Y J, Sun L, Sun C H, et al. 2012. Analysis of
anomalies of autumn rain in West China in 2011 and its possible
mechanism. Meteor Mon, 38(4): 456-463 (in Chinese)

T [, BEAHAH. 2006. T EHETT I AR HRAEL S5 ACHAAFER BRI 5 19 6
. KSR, 30(3): 464-474. Ma Z G, Shao L J. 2006. Relationship
between dry/wet variation and the Pacific Decade Oscillation (PDO) in
Northern China during the last 100 years. Chinese J Atmos Sci, 30(3):
464-474 (in Chinese)

T, R, BbR. 2017 WL R LR E AR R OK BRI A BT R4,
43(10): 1259-1266. Meng X X, Wang N, Shang L. 2017. Influence of
the early SST anomaly on the summer precipitation in Shandong
province. Meteor Mon, 43(10): 1259-1266 (in Chinese)

SUEE, R, 2010, TBAEFISWOR TN 7 5. 2 WL JLAT: G, 16-
34, Wu H B, Wu L. 2010. Methods for Diagnosing and Forecasting
Climate Variability. 2nd ed. Beijing: China Meteorological Press, 16-34
(in Chinese)

W T, WA 1994, LGB HEAE KRB R TT. AR RHE, 12(4): 149-
154. Xu G Y, Lin C Y. 1994. Survey on the causes and features of
autumn rain in Western China. Scientia Meteor Sinica, 12(4): 149-154
(in Chinese)

PRI, R, FRAE NI 2020. 2010 4FLURAE PR K AR ARBRIY 2 5 K
WIR. KRR, 43(3): 568-576. Xu M L, Zhou B T, Cheng Z G.
2020. Preliminary analysis on the interdecadal increase of autumn rainfall
in Western China since 2010. Trans Atmos Sci, 43(3): 568-576 (in
Chinese)

BEARDT, #OOR, 259 5. 2012, 38 50 4R 18 T] I UK RN (9 A1 55 B0 43T
A %, 31(2): 409-417. Xue C F, Dong W J, Li Q, et al. 2012.
Climate characteristic and formative cause of autumn rain in Weihe River
Basin in recent 50 years. Plateau Meteor, 31(2): 409-417 (in Chinese)

FEDESR. 2019, 3 B UMK 4t 5 R PEARARUBRIR G 1 6 2R R R
2, 39(1): 46-54. Xue D Q. 2019. Study on the relationship between
precipitation during flood season in Qingdao and Pacific Decadal
Oscillation. ] Mar Meteor, 39(1): 46-54 (in Chinese)

BORUE, #1510, FMEDR. 2021, 1470—2019 4F P E A S B AR QPR As 1k K



558

5 RO P R Y S &R L R, 79(2): 196-208. Yan F Y,
Zhao C H, Sun J L. 2021. Interdecadal variation of dryness/wetness in
eastern China and its relationship with the Pacific sea surface temperature
during 1470—2019. Acta Meteor Sinica, 79(2): 196-208 (in Chinese)

MR, MR, 2522 R 1958, FES H R H KA B4, SR
#2,29(4): 249-263. Ye D Z, Tao S Y, Li M C. 1958. The abrupt change
of circulation over Northern Hemisphere during June and October. Acta
Meteor Sinica, 29(4): 249-263 (in Chinese)

Wi ZHE, EhHRIE, ST . 2018, AEVERKRTARAFAE T, AR S B LA R
27412, 33(2): 164-176. Yu'Y D, Ma Z F, Fan G Z. 2018. The analysis of
climatic feature of autumn rainfall in West China. J Chengdu Univ Inf
Technol, 33(2): 164-176 (in Chinese)

S, BRI, 238, 2018, 2017 AFAKZEER [ 7l X Rk K S 8 O 22 WA
¥, K4, 44(4): 572-581. Zhi R, Chen L J, Zhu X Y. 2018. Analysis
of characteristics and causes of precipitation anomalies over northern
China in autumn 2017. Meteor Mon, 44(4): 572-581 (in Chinese)

TSGR, 2019, HE BRI bR ——EPURKRE: QX/T 496—2019. bt
K4 HffE, 1-4. China Meteorological Administration. 2019. Monitoring

indices of rainy season in China— Autumu rain of West China: QX/T
496—2019. Beijing: China Meteorological Press, 1-4 (in Chinese)

B SGSR E ZRRE. 2022, T E SR A R (2021). JEET: P ES SR,
12-20. National Climate Center of China Meteorological Administration.
2022. China Climate Bulletin ( 2021) . Beijing: China Meteorological
Administration, 12-20 (in Chinese)

Chen H P, Sun J Q. 2015. Changes in climate extreme events in China
associated with warming. Int J Climatol, 35(10): 2735-2751

Du H B, Alexander L V, Donat M G, et al. 2019. Precipitation from persistent
extremes is increasing in most regions and globally. Geophys Res Lett,
46(11): 6041-6049

Geng T, Yang Y, Wu L X. 2019. On the mechanisms of Pacific Decadal
Oscillation modulation in a warming climate. J Climate, 32(5): 1443-
1459

Kalnay E, Kanamitsu M, Kistler R, et al. 1996. The NCEP/NCAR 40-year
reanalysis project. Bull Amer Meteor Soc, 77(3): 437-472

Lau N C, Nath M J. 1996. The role of the "atmospheric bridge" in linking
tropical Pacific ENSO events to extratropical SST anomalies. J Climate,
9(9):2036-2057

Li C, Zeng G. 2013. Impacts of ENSO on autumn rainfall over Yellow river
loop valley in observation: Possible mechanism and stability. J Geophys

Res Atmos, 118(8):3110-3119

Acta Meteorologica Sinica %R  2023,81(4)

Li J P, Zheng F, Sun C, et al. 2019. Pathways of influence of the Northern
Hemisphere mid-high latitudes on East Asian climate: A review. Adv
Atmos Sci, 36(9): 902-921

Li W, Zhai P M, Cai J H. 2011. Research on the relationship of ENSO and the
frequency of extreme precipitation events in China. Adv Climate Change
Res, 2(2): 101-107

Liu B Q, Zhu C W, Ma S M, et al. 2022. Combined effects of tropical Indo-
Pacific-Atlantic SST anomalies on record-breaking floods over Central-
North China in September 2021. J Climate, 35(18): 6191-6205

Mantua N J, Hare S R, Zhang Y, et al. 1997. A Pacific interdecadal climate
oscillation with impacts on salmon production. Bull Amer Meteor Soc,
78(6): 1069-1080

North G R, Bell T L, Cahalan R F, et al. 1982. Sampling errors in the
estimation of empirical orthogonal functions. Mon Wea Rev, 110(7):
699-706

Qian W H, Chen D, Zhu Y, et al. 2003. Temporal and spatial variability of
dryness/wetness in China during the last 530 years. Theor Appl Climatol,
76(1-2): 13-29

Qin M H, Li D L, Dai A G, et al. 2018. The influence of the Pacific Decadal
Oscillation on North Central China precipitation during boreal autumn.
Int J Climatol, 38(S1): e821-e831

Rahmstorf S, Coumou D. 2011. Increase of extreme events in a warming
world. Proc Natl Acad Sci USA, 108(44): 17905-17909

Sun Y, Li J P, Wang H, et al. 2023. Extreme rainfall in Northern China in
September 2021 tied to air-sea multi-factors. Climate Dyn, 60:1987—
2001, doi: 10.1007/500382-022-06439-2

Wei W G, Yan Z W, Li Z. 2021. Influence of Pacific Decadal Oscillation on
global precipitation extremes. Environ Res Lett, 16(4): 044031

Yang Q, Ma Z G, Xu B L. 2017. Modulation of monthly precipitation patterns
over East China by the Pacific Decadal Oscillation. Climatic Change,
144(3): 405-417

Zhang W J, Jin F F, Zhao J X, et al. 2013. The possible influence of a
nonconventional El Nifio on the severe autumn drought of 2009 in
southwest China. J Climate, 26(21): 8392-8405

Zhang Y, Wallace J M, Battisti D S. 1997. ENSO-like interdecadal variability:
1900-93. J Climate, 10(5): 1004-1020

Zhu Y M, Yang X Q, Chen X Y, et al. 2007. Interdecadal variation of the
relationship between ENSO and summer interannual climate variability in

China. J Trop Meteor, 13(2): 132-136


https://doi.org/10.1002/joc.4168
https://doi.org/10.1029/2019GL081898
https://doi.org/10.1175/JCLI-D-18-0337.1
https://doi.org/10.1175/1520-0477(1996)077&lt;0437:TNYRP&gt;2.0.CO;2
https://doi.org/10.1175/1520-0442(1996)009&lt;2036:TROTBI&gt;2.0.CO;2
https://doi.org/10.1002/jgrd.50264
https://doi.org/10.1002/jgrd.50264
https://doi.org/10.1007/s00376-019-8236-5
https://doi.org/10.1007/s00376-019-8236-5
https://doi.org/10.3724/SP.J.1248.2011.00101
https://doi.org/10.3724/SP.J.1248.2011.00101
https://doi.org/10.1175/JCLI-D-21-0988.1
https://doi.org/10.1175/1520-0477(1997)078&lt;1069:APICOW&gt;2.0.CO;2
https://doi.org/10.1175/1520-0493(1982)110&lt;0699:SEITEO&gt;2.0.CO;2
https://doi.org/10.1007/s00704-003-0009-4
https://doi.org/10.1073/pnas.1101766108
https://doi.org/10.1088/1748-9326/abed7c
https://doi.org/10.1007/s10584-016-1662-9
https://doi.org/10.1175/JCLI-D-12-00851.1
https://doi.org/10.1175/1520-0442(1997)010&lt;1004:ELIV&gt;2.0.CO;2

	1 引　言
	2 资料与方法
	3 秋季黄河中下游降水主模态及与2021年的比较
	4 降水异常偏多年和2021年的大气环流特征
	4.1 大气环流异常
	4.2 动力条件
	4.3 水汽条件

	5 海表温度异常对降水的指示意义
	5.1 北太平洋海表温度异常信号的影响
	5.2 降水偏多年和2021年的海表温度异常分析
	5.3 北太平洋秋季海表温度异常对降水的指示意义

	6 结论与讨论
	参考文献

