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Abstract: The spatial-temporal characteristics were well predicted for flood season in 2021, including typi-
cal features such as “normal to poor climatic conditions nationwide, concurrent drought and flood disasters
in different regions and stages, more frequently extreme weather and climate events, main rainfall belt lo-
cated in northern China”. We further successfully predicted that heavy floods might occur in parts of Haihe
River Basin, Songhuajiang River Basin, and the upper and lower reaches of Yangtze River. The issued op-
erational forecasts well captured the main features of summer climate except two shortcomings. Firstly,
the intensity of abnormal heavy rainfall in northern China was underestimated, partly due to the predicta-

bility limits of extreme events. Secondly, the inconsistency of drought tendency existed between the
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forecast and observation over the eastern part of Northwest China, the middle reaches of the Yangtze River
and the eastern part of South China. The mid-summer issued forecast in late June predicted there would be
heavy precipitation in the middle and lower reaches of the Yangtze River and most of northern China,
which was more consistent with the observation. The possible impacts of several key predictors on the East
Asian summer monsoon (EASM) in 2021 were analyzed comprehensively in March including the cold phase
of the Pacific decadal oscillation (PDO), decaying l.a Nifia event, less snow cover over the Tibetan Plateau
in pre-winter, and the positive phase of the North Atlantic tripole mode. These predictors and dynamic
models all forecasted the EASM in 2021 would be stronger than normal and might lead to more rainfall in
northern China in summer. However, both the precursory signals and dynamic models cannot predict the
intraseasonal variations of EASM three months in advance. Finally, the external forcing signals and circu-
lation in 2021 are compared with that in 2020. It should be note that the factors affecting precipitation in

flood season are complicated and need further studying.
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Fig.1 Observed precipitation anomaly percentages in the flood season (June— August) of 2021 (a)

and corresponding seasonal predictions isssued at the ends of March in 2021 (b)
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Fig. 2 Observed precipitation anomaly percentages in the mid-summer (July— August) of 2021 (a)

and corresponding seasonal predictions isssued at the ends of June in 2021 (b)
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Table 1 Prediction and observation of the process of rainy season in eastern China in the flood season of 2021
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Note: In columns 2—4, the data outside the brackets are the monitoring results of rainy season 2021, and the data inside the brackets

are the differences between the monitoring and the climate state (1981—2010 average).
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Table 2 Prediction and observation of tropical cyclone features over the Western North

Pacific and the South China Sea in the flood season of 2021
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Fig. 3 Same as Fig. 1, but for air temperature anomaly
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Fig. 5 The monthly variation of SST index
from January 2020 to August 2021 (a),
multi-model prediction of monthly
Nifo3. 4 indices (b), and percentage
of the Tibetan Plateau snow cover area

anomaly in pre-winter from 1981 to 2021 (c¢)

La Nina 540 F = A 1 52 i gF — 25
W T BT AR G RS RRIE . 45 R R WY, 2020
A 10—11 H.2020/2021 4F & Z=f1 2021 4F 3—4 H
) A R AR R X La Nina 230 H 0 3% 1 e
I (A B BRI R T 4 20215 B8R 58 55 55, 20215 X1 25 25
F i W L 2021) o i 2 I 2 JE R 5 B T O S e
I T R 5 B K S O b W S22 R L

2021 4 4 HE5R . EZEE B HR5 PR (B Sa,
5b),

I La Nina 3 3l 4F 78[5 5 2= B K 5% 40 A (R
RDAEIEZ PPl gk, 1981 4FE LISk Y La Nina 38
AP 3R B ZE R K 5 28 ) 40 A R B a] B4 Sy D
YRR — &6y AL 1 40 1984,1985.,2012 Al
2018 4, % L WY X v F 8 9 9 48 K L DAL X
([l 6a) s — J& v ] AU, ] 40 19892000 F1 2009 4,
F2 LT XA T U I 4 (] 6b) s =& R 7 T, 44l
H11999.2001.,2006 1 2017 4F, EFE LW X F K
YL DL R M X (& 6005 PO J2& 4 [ 2 W A, {51 4n
1996 1 2008 4, F & KR 43 X B K A 22 (1] 6D
PR I 30 5 2 86 in e Al 56 IR A5 5 ok iE — 2 a2 2021
AR 2R [ [ K 19 AT RE A A

EJY 3 3 95 T 5 At 2 B K b X B R R
A A5 A T (Xie et al, 2009; % 4% %,
2017 ; X 22 2545 2021 a; X 12 FE 5, 2021) . $AFE BE
A X — FH A S (Indian Ocean basin-wide,
IOBW)TE 2014 4E4Z= DIk & 2020 4F 12 H B4R N
i 1 TE AR . BP R B RE VO Ak T AR AR B O 192 1 B
T #EA 2021 4F,JOBW B @ .1 H b —o0. 27,
2 AN 3 A WA 455 CFE 5a) 156 BH B BE ¥ 1A i %)
XK La Nina 4 3R 80 — & B BE B9 W5 5 ma B
3 HE WA 2508 )1 B 2021 4 H
EJJ 2V 9 T 2 00T A 300 O IR IR A L 3R WD B BE U
T R e B 2R AR R s A R L R, 2021
PR EFEMEEHEFEL THBERS, HEMKT
2020 4 [A)HA (1 5a) . gl Iy A As A = i 7500 J2 1F )
(9. TOBW Sy 55 Bz R 25 o 3] 3G Al PR % 2R I A<
14 5% M) T R S 2] B AR

HAh . b K7 ¥ = 4% F (North Atlantic triple,
NAT) 2 3% B 2 2= oK B &2 e k55 2 —
(Wu et al,2009; Hu et al,2010; Fang et al.2018),
MONAT (9 W I Fn il & , 2021 4F 1—2 J NAT &b
TN (B 5a) .3 5 iE LA . ) ) S A = 1
W 2021 4E4 7 F1H 22 NAT 545 4 #5558 1 1F o7
AR W S 0 2% WY Bl g A A 2 0 2 A Y
( 5a), T NAT FZFFRLEIEAAH, A F TR A
Z= X 58] (Wu et al, 2009; Zuo et al, 2013; Zhao
etal ,2022) , K 4> #r La Nina fl NAT X} % A



486 A

% 548 %

24008t FE7KEEFE S AR HTE (B EHKFERO.

EF 1984—1985,2012,2018%

HRia; |981-20108]
e csoD)

EF 1989,2000,2009%

2400ﬁﬁm¥ﬁﬁ$éﬁtﬁﬁ(iwﬁoﬂ

WEE ; G5 (2019) 17868 b
BEBIR : 1:20 000 000 sl ik |
R To5T20108]
(C) e CsoD|

24008MEKIEFE S R AR TE(@EHIKTER0.05)
HZF 1999,2001,2006,20174 [ B

WEES : G5 (2019) 17862 P
IR : 1:20 000 000 e . £

240035pE XK EEFE D AMAHTE(R
HE 1996200845

Kl 6

La Nina 52804 3 [ B2 2= 2400 A>uf Bk B T 20 55 8 E

()b 1, (b E T, (ORI, (D 2 Z R
AT +F X6 T 0,05 B FHEAFEK 1)

Fig. 6 The summer precipitation anomaly percentage compositions of La Nina decaying years

(a) northern China rainfall pattern years, (b) intermediate rainfall pattern years,

(c) southern China rainfall pattern years, (d) wetter rainfall pattern years

(Cross represents those having passed the significance test at 0. 05 level)
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Fig. 7 Composites of summer 850 hPa wind

anomalies in years of La Nifia decaying with
positive phase of NAT in spring (a) and La Nina
decaying with the less snow in pre-winter
in Tibetan Plateau (b), observed summer 850 hPa
wind anomaly in summer 2021 (¢)

(C: cyclone, AC: anticyclone)

T DX B B A s H A R s X S B0
B—2, BCC_CSMI. 1m #HM 2021 4= 7
P b RS- 3 Bl A i XA O P P B0 0 3 R
VLR U DX B LR O AR R KUBE S CRE gD .
CFSv2 BT P4 AL K1 7 @ #5 H X oh BE 2 i
SBEPE I IR . HAS By L RLE o B U
o (&) . ECMWES #2305 CFSv2 #xHti 45
SREARLL  AEL VG B K- 35 ) BT 3t XY OB 1 B F 3
UL B LA XA 5z 0 P B S B O A6 A i 149 -

AR X VA AR A AR it M B . AT ik — 2B B R R AT R
JEE e R AR s M R AE 2 BT T SRR L O 4R AR I Y T
TR 55 2 5 LR A FE M N 25 o LU X 75 b b X
IREB AR AR A VI R Ui ) I RN S 0 A R, T
SRR A2 B ZE KR N REm, iFAL W
H 0 JE L PG AL H X R R B K AE 6—8 R, 1
A& 9—10 A B s . VLA T AR R R K
P55 - H 2 8 7 H B WL B B R S UKL
SRR R s A SO R Si] Y
SAEfE R 2 . TAE R YT SR S 5 T RO 2
AR ILHE 8 H & RRIE K, 5 BRI T 558
S5 J5E Y .

Bl 1 A AR T 5 2 XU Y P AR R B A
—ER TS AHJEAEARET 2~3 N H B R
B, EINAMZAER 3 A AR A4 A TN 45 R B
/N :2021 4F 6—8 F 4 Rl o B A (B 9a)
FHREELY WL, Hd 8 AR 2 A4 R
(& 9b) & F JE AR 5 S AUe 45 B0 o 7 {8 (& 90
% AR 2 A 5k (] 9d) . B AR 2 7 2 4y
PRI 2 B AE A I B A e . sl 2R 8 A
R e e R S O 9RO R L S A R 9 AR I
7 XA 583 » 3 S R VLI I R K S i 22 A R R
IS /0 ) B B R GRR PR 45, 2022) . 532
FHEG s 3l ) AR 2 AR AR W 5 2 XU i A b 1 T
T 22 95 K, JG IS 8 H T 55 52400 5¢ 440 2 AT
TR 48 21 RE A Y PR AR AE AR AL TR YL R
by DX A 7K i BE AR R ) S R

BE Ak 3l g e A5 X2 T i) B 2 B K P
HAaRME 10OWE R T KLU Z  REiiiEL”



48 &

0 20 40 60 80 100 120 140 160°E 180 0 30 60 90 120 150°E 180

T T T T T T T e
—140 —100 —60 —20 —55 20 60 100 140 -50 -30 -—10 0 10 30 50
90°N

60
30
EQ | |
0 30 60 90 120 150°E 180 0 30 60 90 120 150°E 180
NN
=50 =30 -10 0 10 30 50 =50 =30 -10 0 10 30 50

B8 2021 4 5% 500 hPa frdh fiJE b A 3 A SRR Bl b5
()52, (b)) BCC_CSMLI. 1m #:( , (o) CFSv2 20, () ECMWEF5 £
CREMHLR A 30 B L o 0 38 i JEHEOF, B0 . gpm)
Fig. 8 Observaed 500 hPa geopotential height and its anomaly in summer 2021 (a)
and seasonal prediction field initiated from March 2021 by BCC_CSMI1. 1m (b) .
CFSv2 (¢) and ECMWF5 (d), respectively

(solid line: geopotential height, colored: anomaly, unit: gpm)
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and the intensity index of East Asian summer monsoon (d; Zhang et al, 2003)
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