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Abstract: In the summer of 2020, the weather and climate in China were extremely abnormal. The national
average precipitation was 373.0 mm, with 14. 7% more than normal, which is the second most since 1961.
The intraseasonal variation of summer rainfall was obvious. The rainbelt from June to July was mainly lo-
cated in the Yangtze-Huaihe River Valley (YHRV), but moved northward to Northeast China, North
China, and Southwest China in August, making the distribution of summer rainfall in 2020 not belong to
any of the four traditional patterns of rainfall. The observational analysis on atmospheric circulation and
sea surface temperature indicates that the atmospheric circulation in the mid-high latitude was characterized
by “two ridges and one trough” over Eurasia from June to July. The East Asian summer monsoon

(EASM) was very weak, and the western Pacific subtropical high (WPSH) was much stronger and further
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westward than normal. The meridional movement of WPSH presented the characteristics of quasi-biweekly
oscillation, accompanied with the early first northward jump and delayed second northward jump, which
makes the intensified water vapor transport from the tropical Northwest Pacific. Combined with the cold
air activities going southward from the mid-high latitude, the abnormal moisture convergence was located
over the middle and lower reaches of the Yangtze River, which leads to excessive Meiyu rainfall in YHRV.
The persistent Indian Ocean basin-wide warming played an important role in maintaining the stronger WP-
SH and weaker EASM than normal during June— July. By contrast, the atmospheric circulation in mid-
high latitude was adjusted to “two troughs and one ridge” over Eurasia in August, with a low trough near
Mongolia; the WPSH changed from the East— West zonal distribution to the “block” pattern, located fur-
ther northward. The abnormal southwesterly moisture transport along the edge of WPSH extended to
North— Northeast China, forming an abnormal “northeast —southwest” rainbelt, which is obviously dif-
ferent from that during June—July. The abnormal activity of the tropical Madden-Julian Oscillation was an
important factor for the adjustment of the atmospheric circulation in mid-low latitude in August 2020.

Key words: summer rainfall, Meiyu, western Pacific subtropical high, Indian Ocean basin-wide warming,

Madden-Julian oscillation
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Table 1 Definition of key atmospheric circulation and SST indices applied in this work
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(a) Phase space diagram of MJO index during July— August 2020

(red line for July, and grey line for August), (b) longitude-time cross-sections of
pentad OLR anomaly averaged over 10°—20°N from June to August 2020



124 A

% 547 %

I ) X v ] R 0 o 1 2 AR i DX Al T R

G = DANIUE T8 S W% 7 DA L N TSR 2 ol o
DI A A A L JF R BB A, Sy — T
T+ 5 R B Jl T 56 95w A i TR BTG S Je KB AR
FEl AL R M i i 8 ) AR AE R K 53 W 22 . X B g
4% AL b B HR R [ ZR AL M DX 5 K s b s
FU . LB .8 A MJO 5% 3l 5 5 5 20e i AP L
R 3 3 DX 3 0 B+ o T b RSP A B AU S
T IR L A A0 4 3t DX R ORI I A A W A 9 8 Y o

5 ZHeSitie

2020 4F K 7 P [ AR R S 4 O 2
WEoK & 373, 0 mm., £ R IR 2 14. 700
1961 4F IR 2 =0 A By Be PR ik .25 .67 A
Z WAl BT VL RS L X, 8 ) 2 52
TEARAL AR AL B P Rl X B 38 L Bl 2020 4F 2 %
TR A S AN R A G IR B Y DY R L A
[P 2 215 °C LB AR R 5 0.6 C L
H R 7 R R A 3 L . D 5 5 B B VP AR R AT L A
T AR T A5 M B S e 1 ey L R R A i S ]
96T ALK —. T HERIB“=R7.8 AR
AL o S T R IR AE IR T AN B XL

AP R SR U A0 I A5 OB, 2 — 0T T4
R KW REI N . 6—7 A L B H & 4
BRI WH— L AR TR A TP
DX 1898 25 3 43 i) DA T 08 0 AR 0 o) Pl S R e [
AR ) R 57 XS i 55 P O R i R A
(CEANTTIR RS JI= Wity NS Se DR LA L SRk (18N T
5 JF 5 P R B AN W T BV S S S A A T AR
KRG SRR A X A TR R i,
BOZMFEK W B AR 2 . AT N AEAORE . PR R
o 2 — U2 P L Bk A T IR R BT A TR
120 UG A i B . EL AR TTUNT P R B IR Y
U XL 4 92 R 5 SO TR I i) 4, I R T L i
R A K o ) B R S R R E . 0 IR I S 5
36 N7 19 0 M 2 W B B JRE O R 2 D I XF 2E £
6—7 F PG R EI 1o 4 5 Ml R i PG M AR B 7 X S
i 553 16 ) T B AR

8 H W Hh i 245 B0 370 ] 8 Oy < Rl — 5 Y o
20 )5 Ml DX S8 IR I B A R ok A IX e = R
M R T R e AR S M X P ORI R
J01 it 26 i) 1) 5 AR 23 A B O 2 1) B RE R IR HAR O3
A o A 2 A0 B D L 5 9 V4 K e S BT A S 04 R KUK

RV 1R= S E el Gl o T IS S [ R | A oo 1 O s E
MEIARIL S H ZWA .5 67 ALK S
WAmZ S amAE RN, 8 H KL X7
TG H i 58 SR 5 A 32 0 32 B G MO I 3 1Y 5%
M, B8 5 Y MIO ZR A% 0 45 /i T8 — 75 b K7 ¥ X
X UL 1 Sl 38 O, E T T B T K B S e R R T
SR BRI B AIE NS B, HL LG B AR R T2 AN
B H 74 R I e 2R T W A7 b L O S R
“HURT A3 A

AR SCAN A KT Ik R AT U L 55 T 15 2 0 A
T AR E ZEREK R T gl R H SE B SR L 2020
SRR VT H R R K B O 1961 4R DOk i
2 UET AR IR 22, B /K S 7 32 0 02 A2 7 3 i
JE/RJEHEAESZ I T B 1998 4FEF 2016 4, XFEAYS
i S w5 B 2 G b = A 2 - 2 ) ROBE &
YERIMISES R . BR T A ST B i $4s B BE 3 Ui Ui 4 22
Pt 2 A1 i I 7 6K s IR AR S 5 I 2 (Ren et al,
2016), F H EJLKRUFEEHEDF R E LA (Wu
et al,2009; Liu et al,2020) A] fEth %F 2020 4 75 K H
AR SR A & — Tk 1 8 H MJO 13 2l 5% % vl B
H5RE PR KRB R AR, A
A AP K R e AR 2R N R R I R T PR bk
SR HOERUE PR 5 3 0 32 2 2 R LML R A
T3 OB AR S 2 A TP RS L ) BN IR AR
ARIRT S (=

%k

Wit 5k35 4, T8 4F , 2020. 2020 4F 67 JT I TL T 5 A 3 Afg 7
KANEA BT (T]. K 4. 46(11):1415-1426. Chen T, Zhang F
H,Yu C,et al,2020. Synoptic analysis of extreme Meiyu precipi-
tation over Yangtze River Basin during June — July 2020[J].
Meteor Mon,46(11) :1415-1426 (in Chinese).

T EOFE L2020, 2019 4B R AR W R AR I 5 R Bouk 3R IR A% 095
WLJ]. 5% ,46(1):129-137. Ding T,Gao H,2020. Atmospheric
circulation in East Asia in summer 2019 and its influence on cli-
mate of China[ J]. Meteor Mon,46(1):129-137(in Chinese).

T BIHR AN AV 45, 2007, ZR LA I R G2 i R A URF IR
[J]. KRS FH2£,31(6):1082-1101. Ding Y H,Liu J J,Sun Y,
et al,2007. A study of the synoptic-climatology of the Meiyu
system in East Asia[ J]. Chin J Atmos Sci,31(6):1082-1101(in
Chinese).

R R EAR L BB, 2018, 2016 AR TIY o [l R K B 0 R AE K
1998 4T H[J]. 4 . 44(5) :699-703. Gao R, Song L C.Zhong
H L,2018. Characteristics of extreme precipitation in China dur-
ing the 2016 flood season and comparison with the 1998 situa-
tion[ J]. Meteor Mon,44(5) :699-703(in Chinese).

JB% 5 WA T 4H - 2019, 2018 4R 5 2 i ¥ SRR AE BRI <0 f 1) 52 1
[J]. 5% ,45(1):126-134. Gu W, Chen L J,2019. Characteristics

of atmospheric and oceanic condition and their influences on



X2 54 2020 4 B Z= 3R [ M 59 R AE B B 23 125

summer climate of China in 2018 J]. Meteor Mon,45(1);126-
134 (in Chinese).

FIRT FEAERL, 5 T, 45,2010, K VT R e B R AR LR 5 17
PP B S R I R (T AR AL, 30(5) £ 666-675.
Guan Z Y,Cai J X, Tang W Y,et al,2010. Variations of western
Pacific subtropical high associated with principal pattern of sum-
mertime temperature anomalies in the middle and lower reaches
of the Yangtze River[ J]. Sci Meteor Sin,30(5) :666-675(in Chi-
nese).

WO BERE AT L R PR R L 45, 2006. T [ 5 97 S0 0 B AR BR AR 1k
RIS REAMERGZMH KR LT] KRR, 30(5):730-
743. Huang R H, Cai R S, Chen J L, et al, 2006. Interdecadal
variations of drought and flooding disasters in China and their
association with the East Asian climate system[]J]. Chin J At-
mos Sci,30(5):730-743(in Chinese).

BR5E A 1993, 1954 4 1991 AR VL3R b w5 3T HU (). K% .8(2)
68-73. Ju X S, 1993. Comparison of flood and waterlogging in
the Yangtze River reachers between 1954 and 1991 [J]. J
Catastrophol,8(2) :68-73(in Chinese).

R A R TN 2007, FI) R AR U SR AL DR PG i U U S
W R L) ] KRR RRFE,31(4) :561-570. Li J,Zhou T J,Yu R
C,2007. Atmospheric response to the North Atlantic SST anom-
alies in CAM2[J]. Chin Atmos Sci, 31 (4):561-570 (in Chi-
nese).

ZR4i 50, 1999, 1998 AF R ATHR I 5 B HL X o [ A S R Y 5 T
[J]. < %:.25(4):20-25. Li W ], 1999. General atmospheric cir-
culation anomaly in 1998 and their impact on climate anomaly in
China[ J]. Meteor Mon,25(4) :20-25(in Chinese).

X Uz DI b T L X 5 45 2013, T YT AR T Ik Y 5 0 OK PV R ARl
JEZE A5 i 54 L)), KR ,37(2) 1 439-450. Liu Y M, Hong
J L,Liu C,et al,2013. Meiyu flooding of Huaihe River Valley
and anomaly of seasonal variation of subtropical anticyclone over
the western Pacific[ J]. Chin J Atmos Sci, 37 (2):439-450 (in
Chinese).

X 2525 BRI AR - 2019, 2019 4 75 F & [F] % A0 52 4 e AiE B AT RE AR
BT, % .45(10) : 1483-1493. Liu Y Y, Chen L J,2019.
Features and possible causes for the spring climate anomalies in
2019[J]. Meteor Mon,45(10) ;1483-1493(in Chinese).

K228 T 1L, 2020. 2020 47 380 A W 4o AE K R ) 23 H [T ). <
% ,46(11):1393-1404. Liu Y Y.Ding Y H, 2020. Characteris-
tics and possible causes for the super Meiyu in 2020[J]. Meteor
Mon,46(11):1393-1404 (in Chinese).

XZEZE 2G50, AT 5L 20120 H RS P KT 3 R BT 9 FE 4K
TS BT ] R AL 23 (4) 0 414-423. Lin Y Y. Li
W J,Ai W X, et al,2012. Reconstruction and application of the
monthly Western Pacific subtropical high indices[J]. ] Appl Me-
teor Sci,23(4) :414-423(in Chinese).

Fili 7% T =11, 1996. 1991 4FVLUERE R 2 W 5 A& W R MR % [T .
KB .54(6):730-736. Lu E,Ding Y H,1996. Low frequen-
cy oscillation in East Asia during the 1991 excessively heavy
rain over Changjiang-Huaihe River Basin[ ]J]. Acta Meteor Sin,
54(6):730-736(in Chinese).

TEZAE R T AR 45, 2012, F 43 Hb 10 22 3 i s BE Rl 4 BRI
FEAWLT]. BT 424, 23(6) : 739-747. Ren Z H, Yu Y. Zou

F L,et al,2012. Quality detection of surface historical basic me-
teorological data[ J]. ] Appl Meteor Sci,23(6);739-747 (in Chi-
nese).

INPRIE B [ 1 )0 55,2005, mh R 2R R I B 2R R 0 R 4
FCER AR AT [T, B R 2 4R 16 (S1) . 56-62. Sun L H.
Zhao Z G, Xu L, et al, 2005. Study of summer rain pattern in
monsoon region of East China and its circulation cause[]J]. J
Appl Meteor Sci, 16(S1) :56-62(in Chinese).

W335 L S Rz, R . 1998, 1998 4F K VI v 1 b 15 ¢ 3 19 4 ft
SO R B0 3 25 1 L) . A 5 BB 5 5 3(4) £ 291-299. Tao
S Y, Zhang Q Y, Zhang S L. 1998. The great floods in the
Changjiang River Valley in 1998[]J]. Climatic Environ Res, 3
(4):291-299(in Chinese).

5 e X X U 55 5 2000, B EE ¥ 1 3 57 5 X 75 1 P i #H
[N EAl KA RT3 W LT ] TG 58(5)
513-522. Wu G X, Liu P,Liu Y M,et al,2000. Impacts of the sea

surface temperature anomaly in the Indian Ocean on the sub-
tropical anticyclone over the western Pacific; two-stage thermal
adaptation in the atmosphere[J]. Acta Meteor Sin,58(5) ;513
522(in Chinese).

FK O FBEE - 2018, 2017 AF TP A UMW S8 JE 15 5 M kA 4 B
[J]. K% .44(4):565-571. Wang Y G, Zheng Z H,2018. Precur-
sory signal analysis of summer rainfall prediction in China in
2017[J]. Meteor Mon,44(4) :565-571(in Chinese).

R A& 5 2003, JE ] i S 2% T A BE L W O UL g AR v T A D R AR
KJE——2003 4 7 H[J]. K%.29(10):62-63. Xu L Y.2003.
July 2003—Frequent heavy rain caused flood in the Huaihe Val-
ley[J]. Meteor Mon,29(10) ;62-63(in Chinese).

k5 ¥, T A 2005, 2003 47 A F I 4% 25 AR T 3l B HL X A
AKPE L] KSR, 29(6):973-985. Yao X P, Yu Y B,
2005. Activity of dry cold air and its impacts on Meiyu rain dur-
ing 2003 Meiyu period[J]. Chin ] Atmos Sci,29(6):973-985(in
Chinese).

TR M HIHE A . 2017, 2016 4F 5L 2 B ] AR H R K SRR AE KR
P #r[J]. A%, 43 (1) 115-121. Yuan Y, Gao H, Liu Y J,
2017. Analysis of the characteristics and causes of precipitation
anomalies over eastern China in the summer of 2016[J]. Meteor
Mon,43(1):115-121(in Chinese).

skIFHE L BRI DY 45, 2020, 2020 4F 6—7 JT VLR e b XA
J01 388 K AR W S A A AE L) ] A0 % 46 (11) : 1405-1414. Zhang F
H,Chen T,Zhang F,et al,2020. Extreme features of severe pre-
cipitation in Meiyu period over the middle and lower reaches of
Yangtze River Basin in June — July 2020[J]. Meteor Mon, 46
(11):1405-1414(in Chinese).

KA PNIR IR A YE R, 2018, UK VK 5 B 2 WO B8 A5G LAE By Ag
Fl 30 22 B 3 [ B AR K B e [ ], st Ry B2 4R, 61 (1)
91-105. Zhang R N, Sun C H, Li W J, 2018. Relationship be-
tween the interannual variations of Arctic sea ice and summer
Eurasian teleconnection and associated influence on summer pre-
cipitation over China[J]. Chin J Geophy,61(1):91-105. (in Chi-
nese).

TKPCZ . FITEE L1998, IE Y Hp o £ S8 B VR0 X AR A B 2 e K1Y 5 T
[J]. A% %4, 56 (2):199-211. Zhang Q Y, Tao S Y, 1998.

Influence of Asian mid-high latitude circulation on East Asian



126 A

% 547 %

summer rainfall[ J]. Acta Meteor Sin, 56 (2):199-211 (in Chi-
nese).

KKz BT 5 BRFUEE . 2003a. 7R W B 7% RUHR 4500 4F B A8 4k 5 7R 1
RAFFLI]. KR %] 61(5):559-569. Zhang Q Y. Tao S Y,
Chen L. T, 2003a. The inter-annual variability of East Asian
summer monsoon indices and its association with the pattern of
general circulation over East Asia[ J]. Acta Meteor Sin,61(5) ;
559-569(in Chinese).

KR = B TE S L 5RIFUR] , 2003b., 5 %K VL it 4 4% W Ak 7 K R K
S A L)]. KA RS, 27(6):1018-1030. Zhang Q Y, Tao S
Y, Zhang S L., 2003b. The persistent heavy rainfall over the
Yangtze River valley and its associations with the circulations
over East Asian during summer[ J]. Chin J Atmos Sci, 27 (6):
1018-1030(in Chinese).

kAR S B PRME S 95 50 7, 2017, JE R J& M AT 2R 1 SR A0 i A R T K
AR BRSS9 52 R < P I8 KT S S R AR LT DL o E R
HER B} 2% ,47(5) 544-553. Zhang R H,Min Q Y,Su ] Z,2017.
Impact of the El Nifio on atmospheric circulations over East
Asia and rainfall in China:role of the anomalous western North
Pacific anticyclone[ J]. China Ear Sci, 60(6):1124-1132(in Chi-
nese).

B R SCF  RTSER 2020, 2019,/2020 45 4 25 T [6 BB A5 45
B R 44T, 4% - 46(7) 1 982-993. Zhao ] H,Song W L, Ke
7 J,2020. Characteristics and causes analysis of the warm and
wet winter in China in 2019/2020[J]. Meteor Mon,46(7) ;982
993(in Chinese).

HAME, F KL, 2018. 2017 4EF L 2 BROKSCER Uit B AiE BT 6 [ K
KA ], 4,44 (1) :199-205. Zheng Z H, Wang Y
G,2018. Northern Hemisphere atmospheric circulation charac-
teristics in summer 2017 and its impact on weather and climate
in Chinal[J]. Meteor Mon,44(1):199-205(in Chinese).

Annamalai H,Xie S P, McCreary J P, et al, 2005. Impact of Indian
Ocean sea surface temperature on developing El Nino[J]. J Cli-
mate, 18(2):302-319.

Chambers D P, Tapley B D, Stewart R H,1999. Anomalous warming
in the Indian Ocean coincident with El Nifio[ J]. ] Geophys Res,
104(C2) :3035-3047.

Donat M G, Lowry A L, Alexander L. V, et al,2016. More extreme
precipitation in the world’s dry and wet region[]]. Nat Climate
Change,6(5) :508-513.

Kalnay E, Kanamitsu M, Kistler R, et al, 1996. The NCEP/NCAR
40-Year Reanalysis Project[ J]. Bull Amer Meteor Soc, 77 (3):
437-472.

Liu B, Yan Y. Zhu C, et al, 2020. Record-breaking Meiyu rainfall
around Yangtze River in 2020 regulated by subseasonal phase
transition of North Atlantic Oscillation[ ] ]. Geophys Res Lett,
47(22) :e2020GL090342.

Liu Y Y,Ding Y H.Gao H,et al,2013. Tropospheric biennial oscilla-
tion of the western Pacific subtropical high and its relationships
with the tropical SST and atmospheric circulation anomalies[ ] ].
Chin Sci Bull,58(10) :3664-3672.

Liu Y Y.Ke Z J,Ding Y H,2019a. Predictability of East Asian summer

monsoon in seasonal climate forecast models [J]. Int J Climatol,
39(15):5688-5701.

Liu Y Y, Liang P,Sun Y,2019b. The Asian Summer Monsoon; Char-
acteristics, Variability, Teleconnections and Projection [ M ].
Cambridge: Elsevier:237.

Liu Y Y.Hu Z Z,Wu R G,2020. Cooperative effects of tropical Pa-
cific and Atlantic SST forcing in southern China winter precipi-
tation variability[ J]. Clim Dyn,55(9):2903-2919.

Ren H C,Li W J,Ren H L,et al,2016. Distinct linkage between win-
ter Tibetan Plateau snow depth and early summer Philippine Sea
anomalous anticyclone[ J]. Atmos Sci Lett,17(3) :223-229.

Terao T,Kubota T,2005. East-west SST contrast over the tropical
ocean and the post El Nifio western North Pacific summer mon-
soon[ J]. Geophys Res Lett,32(15):1.15706.

Reynolds R W,Rayner N A,Smith T M,et al,2002. An improved in
situ and satellite SST analysis for climate[ J]. J Climate,15(13) ;
1609-1625.

Wang B,Wu R G,Fu X H, 2000. Pacific-East Asian teleconnection:
how does ENSO affect East Asian climate[ J]. ] Climate,13(9) :
1517-1536.

Wang B, Zhang Q. 2002. Pacific-East Asian teleconnection. Part II:
how the Philippine Sea anomalous anticyclone is established dur-
ing El Nifio development[]]. ] Climate,15(22) ;3252-3265.

Wu R G.Kirtman B P,2004. Understanding the impacts of the Indian
Ocean on ENSO variability in a coupled GCM[] . J Climate, 17
(20):4019-4031.

Wu G X, Liu H Z,1992. Atmospheric precipitation in response to
equatorial and tropical sea surface temperature anomalies[]]. J
Atmos Sci,49(23) :2236-2255.

WuZ W,Wang B,Li J P,et al,2009. An empirical seasonal predic-
tion model of the East Asian summer monsoon using ENSO and
NAO[J]. ] Geophys Res,114:D18120.

Xie S P,Hu K M, Hafner J,et al,2009. Indian Ocean capacitor effect
on Indo-western Pacific climate during the summer following El
Nino[ J].J Climate,22(3) :730-747.

Yang J L,Liu Q Y.Xie S P,et al,2007. Impact of the Indian Ocean
SST basin mode on the Asian summer monsoon[ J]. Geophys
Res Lett,34(2) :1.02708.

Yuan Y, Yang S,Zhang Z Q,2012. Different evolutions of the Philip-
pine Sea anticyclone between the Eastern and Central Pacific El
Nifio; possible effects of Indian Ocean SST[]]. J Climate, 25
(22).7867-7883.

Zhang R H,Sumi A,Kimoto M,1996. Impact of El Nino on the East
Asian monsoon: a diagnostic study of the 86/87 and 91/92
events[ J]. ] Meteor Soc Janpan,74(1):49-62.

Zhang R H,Sumi A,Kimoto M,1999. A diagnostic study of the im-
pact of El Nino on the precipitation in China[ J]. Adv Atmos
Sci,16(2) :229-241.

Zuo J Q,Li W J,Sun C H,et al,2013. Impact of the North Atlantic
sea surface temperature tripole on the East Asian summer mon-

soon[ J]. Adv Atmos Sci,30(4):1173-1186.



