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Abstract: Based on the datasets of Meiyu monitoring and observation of precipitation and NCEP
atmosphere reanalysis and sea surface temperature, the abnormal characteristics of Meiyu over the
Yangtze—Huai River Basin (YHRB) in 2019 and its causes of large-scale circulation are analyzed.
The results are as follows: (1) The abnormal characteristics obviously showed that the Meiyu
onset date was later than normal compared with a shorter duration, the Meiyu precipitation
presented a distribution pattern of the more in the south and the less in the north of the Yangtze
River over YHRB which was less than normal in overall in the Meiyu season of 2019. Among the
three subareas, the Meiyu period of the subarea of the middle and lower reaches of Yangtze River
was almost simultaneous with that of Jiangnan subarea, and the Meiyu of the Jianghuai subarea
was not obviously. (2) Due to the periodical enhancement of the cold air between June 8 to 15 it
was impeded and delayed that the seasonal northward of East Asian summer monsoon, which lead
to the conversion later from winter to early summer of the circulation pattern in East Asian and
Meiyu onset date also later over YHRB. It can be regarded as the precursory signals of Meiyu
onset date later over YHRB in 2019 that the sea surface temperature in Indian Ocean was warmer
than normal in May-June and the reverse date of MTGMUT was later over 60° ~80° E of South
Asia. (3) Compared with climate mean state, the eastern ridge of South Asian high and East Asia
westerly jet were southward at upper-level, the circulation meridionality in the middle-high
latitude in Eurasia was stronger and the western ridge of Northwest Pacific subtropical high was
southward and the geopotential height east of Australia was higher at middle-level, the intensity
was weaker and the northernmost was southward of the East Asia summer monsoon at low-level.
Due to the combined influence of the above-mentioned abnormal characteristic , it was under the
control of the strong divergence at upper-level and the strong meridional gradient convergence of
vapor flux at low-level in the south of the Yangtze River over YHRB. That is greatly conducive to
the development of vertical upward movement and the occurrence of heavy rainfall and cause the
distribution pattern of the Meiyu precipitation in 2019 with the more in the south and the less in
the north of the Yangtze River over YHRB.

Key words: Abnormal characteristics of Meiyu, Causes of large-scale circulation, Precursory

signal
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T E K (ERSEMPETF S, 2002; MHAEESE, 2019), 2003 A1 2007 AT 5]
KT WETRIE ks e E CRRIRRLAE, 20055 4 2R4E4E, 2008), 1991 A1 2008 4 AMEHT
[51) 522 O AT A, 19935 AR5 =M1 425 4%, 2009), 2009 AEHI L T 25Hg (PhEEAESE, 2011).
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20 40 90 AEARA H [ Mg Ry Y 717 2 W R AL i 3 VLM R 1 2R 10 v 443 B2 b DX it 2
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MU A . SRBEIRES LR (Rl miiE, 2013).
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i, B H SRR TR R IE T35 B B R A B Bk b, Ko HERN
2.5°X2.5°, fliHAEOEMAEGE K. LB, HE% (Kanamitsu et al, 2002, Kalnay

etal, 1996). i& HA&ERE M B RAHEERIE L (0ISST-v2) Bk (Reynolds et al, 2007)
kB T2 EH E SR AR E LR, PR A HEEY 0.25° X0.25° . VIERIRA () H
HI. MERTZE (1D A REEEHE R M5 B B 2 U ho0 25 T GB/T 33671-2017 (it Ml
AR e N R [ 5057 &8 s B Ao e e 2 S Jmy A o [ [ AR AL B B R B 4%, 2017)
W8 R AT, ZFRAEETIIE R IR (28° ~34° N, 110° ~123°E) Mg {43 Jy = A>T X 47 Wi,
BIVERX 1Dy KT REEX (1D, X (1D, ZANX AR RGN (R4
HME HRINY RN =T N (D MEH s XIS RN D X80T
B H 2k Ry & A A

B 0ISST-v2 V12147 52 R RHE AR I AN IR, Ty 1982-2010 SEHJF-H-O-4, Lk
HARFTA GRS () #8709 1981-2010 4R 17
1.2 753

BIEA L. M & ALK Niu and Zhai (2013) SCHUE SCHHEAEH,

KR H ZERIEHGE LM 20~35°N, 105~122. 5°F {5 4 850 hPa 818 KU F-H4MH (Niu
et al, 2015), FREUEBFRAE R E KR AE R R . 7R 7 5 28 AL S r B 10 e K F U
S FRABYEARLE AT, W EHRNERSIR, BT R A S AR 0.0
R G FHE, TSR T 0. I FUE I 2 B WA, 43510y 335 K 81 340 K (MR
55, 2013)0 ASCRFREXS T 1T 40 FEBEME N TR L ARIE I BLR 0. MRS A
FIREK B 110° ~123°E PRI A -4E T (KRG, RIAERZHIEHLT 0.1 335 K
1340 K Ze 1 pg b b iR FEAS CR R —B0TT HLIRIRGAR /s HTEMERT RS 1 S AT, AR 2
PP B PRI 0, LA 340 K 2815 176 B UL 4 i X FE Al S Mg R AT R AL B R By
K. Ak, A3CLL 850hPa K7 it Ee K H. 0..=340 K [1Ab 52 B R e 4= 30 2 2= A1
A

P EI R PE A X — SO R B SIE % (Indian Ocean Basin-Wide mode, TOBW) Jy#iiEl
JEFE (20°S~20°N, 40°~110°E) XIgs iR B R (GERSE, 2017).

Xtz B2 (500~200 hPa) 28 )i FZAf B (Meridional Temperature Gradient of the
Middle-Upper Troposphere, MTGMUT) 4y 500~200 hPa 2 [&] 25°N fill 22. 5°N f{°F15iE fE 5
7.5°N A 5ON (PR 2 2 (25244, 2004), FEIE 60° ~80°F Hu[X MTGMUT &A= #% 1)
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HIORIE 60° ~80°E HiX MTGMUT e v Hil, HizHZJaEs: 10 d B
MTGMUT £RHF IEME I REH AL T 7 do
2 2019 AR R R H AL

WIMAR TR (GR 1), 2019 SRR T 6 H 16 M, 7 7 17 0, #H
FRJEN 31 d, BT AMECEFG 8d B 1 d (5%, 20200, MENEKERT
T 9de FTXA, JLEX (1D FHKITH R CIDD MR I ) H 3R o) K
T, AR TR X SR N HAE [A] KU X, BT DAY RS DX Y ST 4 (i
9 d, TRIL A R DX B A AP 1A 7 DX A RS K P 3 i S P I . YL
X (D EREEFINMERDE, I,

2019 FEVLIEVHRMERT 5 290. 9 mm, BB TIMER /> 15.3 %, BARERN X2 5
M CT W R, 20200, B2 2O S 2 A0 I 40 A RRAE « 2515 S IOV RS X MG Y B 458. 1
mm, RV IEMZ 25.4 % AR RTINSy 280. 1 mm, FEAREIES
i 358 HRERACAIHEX M, FERERE WD . 2019 FVLERIBM N ZE R ENE
S L (B D B2 A6 I ARSI AT L, DAV SR, JRTL LR IX 2R T B Y i
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b, BRI T H P S ER L DA RSB A L, E 20 4D 50 AR LKA
A 2019, 1970, 1992 F1 1997 & Bl (K 2), X PUAFEME Y w7 735 AE UL LR 8
IEHIKICHSF 7T A 16 Hy 14 H. 11 H. 13 Ho EIXPU4EF, 2019 R0 &G R T 7E
KT DA 1579 45 SR ) S MR ) — 4 o B2 R TG NT A EN 7 H sh A S E KT AR, 4
WAEFM R0, BUEHN R ZIH 8% 100 240D 0 AiRHE .

Lk LPTIR, 2019 ARVLIHEVTSNG FY 25 2 (MRRAE I N E MR IG . KCREfR T, Mg &
2 LA B R R ZATFIX A, TR ORI AR i X R AR [ 25 YIEX
WIS o, 2019 VLR AN FY 25K B2 MR 2 2 R R T A L 03t 2
Al 2o DU 5 o K v T R Yt A e A0 /D B DDAR G . DAk, T S B R 2019
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Table 1 The monitoring of Meiyu over the Yangtze - Huai River Basin in 2019

- N b H A H 3 R 2R G /d MR L /mm
X 12
(BEF/d) (EEP/d) (EP/d) CHRFE 502 /%)
6 516 H THI1TH 31 290.9
TEAEI
(+8) =D -9 (-15.3)
6 H17H THI1TH 30 458. 1
e IO
(+9) +9) 0 (+25.4)
6 516 H TH14H 28 280. 1
KITHTRHE CIXO
(+2) +D =D (-0.3)
YL (MIXD / / / /

600 34°N 200
500 100
400 32°N 50
300 20
200 30°N 0

100 ,_, ; -20
s0 28N . £ -50
25 HgeN & i -80

105°E  110°E  115°E  120°F

Bl 2019 FILMEREMEN S (o) RUFERE (P67 m) KH (b)) BBFESFE (BA: %
Fig.1 Accumulated precipitation (a, units: mm) and percentage anomalies (b, units:%) during the Meiyu seasonin
2019 over the Yangtze—Huai River Basin
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MNRRERR ARG RAER & (BE) TR (KK A%, 2003; Zhang et al, 2002).
Al EE AR E 2 AR G (R il 0, o SRR R DX A7 A 2 PR, 2 e v
AbBeR B R AL, Rz, M E rE RUR IR I 2 R R R A ) (M RE S R L, 2006).
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HEGU AR 2 33 NMERE I B 3 R PR AR R AR K AT A N B I B, VTR
IR IR 2 4550 IR = FIFIE T, 1999; 2 H 4%, 2008). GB/T 33671-2017 (HER M
DFEARY WIFAIRE, TIMERISAGR A 5d T3P Rl & T BCE i AL B F = 18N, b
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RIS By, W SIS AR R KIR A& LTS8, B I T IR X 8k
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I i 18 HH VTV R, YOV AT b S P 2 CnnEl 3b &7 3k B ), AR FBE R A
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(IR ETIF 46 .
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Fig.3  Daily western ridge line position (a)of the Northwest Pacific subtropical high averaged over 110°~130E

(red line, black line is the 5 d running average, green line is climatological mean) and time—latitude cross sections
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averaged over 110°~123<E of dailywind (vector arrow, unit: m s%) and potential pseudo-equivalent temperature
(unit: K) at 850 hPa (b), water vapor flux (vector arrow, unit: kg m™ s%) and its divergence (shading, unit:

kg m2 s™) at 850 hPa (c), geopotential height (black line, unit: dagpm, red line shows the ridge line of the South

Asian high) and zonal wind (=30 m s}, blue line) and divergence (shading, unit; 10° %) at 200 hPa (d) in 2019
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T HI - SR B 0] JE /R JE Vi SR i Je AL, B2k S o . (PO B 2L R GRIRSE
2017« 1% Ir) B EE Vo ¥ Ui 455 468 O R AT 75 0 ) v 4 P A B R 7 RS I R 7 9 TS T
1982-2019 4 5 JI %) T0BW #5455 6-7 H& A& e vh BOA 2 o B BE-F- (R AR O¢ R 4 (18
4a), RIL6 H & AR E TG B LA B R S5 HAT 1~3 A% TOBW Fa 07 75 BT 1 I 67t
IR, FEnl 6 H ERREIETIBCE &AM B S 5 H =/ANA) 1) TOBW 18505 & EAHOS, 1
KEHIE 0. 343~0. 408, AFLI@IL T @ =0. 05 PEEMIKT ¢ 4. 2019 4F 5-6 H EIEE L
MR s R (K 4b), Hh 5 A TRZE 6 Az Uy E LT 0.5 'C), 56/
Rl PABCE A B R 2 A TR R (B 2a) @S xm. SHEMARERH, A
MR, 6 ARImPABIE LA B2 M, Bl — ik ET LBkt mig (FEE5E, 2008
RRFTEE, 2018). W BRI, 5-6 HENFEFHERR L MIE (TOBW FREUERHT) X 2019
LR TSN i AT 2 R T PR M RE
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Fig.4 Time lagged correlation coefficients in ten-day periods between IOBW index in May and the western ridge
position anomaly of the Northwest Pacific subtropical high averaged over 110°~130E from June to July during
1982 to 2019 (a, dashed line and dotted line show a =0.05 and 0.1 significance level) and IOBW index in ten-day
periods from May to June in 2019 (b, unit: C)
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AT TR T, U B 2 IR i 5 7 7 v S G 3 R AR B I KR SR R Y . ZR R T
JERAET EJE (500~200 hPa) KAFIILE AR (MTGMUT) 3314 9 IEAR 2 n#ds 4%
P FEbRE (BT, 2002), BIE 60°~80°F Hi[X MTGMUT 4<% FHHIIN 5
H 26 H, BULHERBAE AL (6 8 H) AT 13 d. 2019 4, FFIE 60° ~80°E
H X MTGMUT 5 H v 6 H 7 H (& 5a), BCEEFILHERIAM H I 6 H 16 HEHT 9 d,
HA B EmE (O BmE 12 d 18 d)o Nk—BIAERF I 60° ~80°F Hi[X MTGMUT
Wik P S VIR F IRV 6 2R, P15 T 19512019 4R IF 60° ~80° E 3 [X MTGMUT
WA U S5 VIR E I 22 M8, 45 RFRIIX 69 48 4 H0 7 443 1) MTGMUT 1% [ 3
R AAETLHER BN DA /T (ZZEAFED (B 5b), I HFEIE 60° ~80°E H1[X MTGMUT
Wi H IR S5V A B IR 2 ) EIEA G (] 5e), AHRREUE 0.379, imii
a=0. 05 HIEEMKT, XFEHEI 60°~80°E Hi[X MIGMUT 3% H - () BI4EG,
NG EH G BB R (Do 1 BRI I, FEIE 60° ~80° E Hi[X MTGMUT 334 14 1 47 i 6
FIAEN 2019 AEYLIEFRISNAG i B 1 HTIEAE 5

3.2 tEMEmMEILLHREDR

WE SRR T O RUZ s s IRE 2D KRR ARG RE I S R, M=
AT HR S KRR ER R G SR IEA A H VIR .

TEf )z, 2019 FHEMZEr WM R AR FE 4L (110° ~125°E) £ 25°N B, YLkt
T Ab 2 7 ) ZR A 0 SRR A T 36°N, P PIT AL 26 B2 6 B 70 B0 A R3] (B 6a Rl
Tay Tb) g 1.5° F1 2°, SO FG IV i 5 2R AR 2R AL MR 78 XU SR N 1 XA 5 7 B s X
AL TR N ATTL LA R X o BRI, A 9 2 i JE M 2R G o B Bl B 25 1 BE A R T
BN HHBRAERYT P R UL AR, TRt R 5 2 AL D 0 AR

FERZ, 2019 M ZRE IO R IR 2 “ P/ B (Kl 6b), FEPIp B & “-+
=7 ). LT VUKW AL, H AR AR R DX, EL A T4 o 6 B () 0 T e VI
JE A 5 o (B AR VI S R TR B 1 RIS A B 0 35, v e 3 AR H v 1 i 40080 4 ) 301
GO R4 B k2 (-5 EDAVA I N o i1 =R B2 i v (T 11 < 7 ] I =T 4 R oW 2 A i
NILHERAE H A g, 53— J5 e — e RE LM 7 @l w2 deik, 2019 EAg=R
AR P AL (110°~130°E) “FAiT 210N B, BCHEERMME 1°~2°. b, BlE
(1) i 30 5 o BRI S0 6. R 3 4 T 1951-2019 4 6-7 H WL A M Bl P4 7 34
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Fig.5 Daily MTGMUT over 60°~80F of South Asia in 2019 (a, unit: “C) and deviation between the day of
MTGMUT reverse and the day of Meiyu onset over the Yangtze—Huai River Basin in 1951-2019 (b, unit: d) and

their anomaly (c, unit: d)
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w PRI, LUK RS P . e (A, 2008 JH B, 201100 RS LA
A TR AL E ARG, 27 3 AP RIS AU R P9 A7 5% e -5 VLR At KV DA 3 X K
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Table 3 Correlation coefficients of standardized series between the geopotential height over east of Australia and

the characteristic indexes of the Northwest Pacific subtropical high and cumulative precipitation over the Yangtze—
Huai River Basin from June to July during 1951 to 2019
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FERL). AR (Z25ms ', W) MBUE GHE, $40: 10°s D). (b) 500 hPa A7 e (RSEL,
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CERER AR 7R [ U) U1 240 B B v R T sy 6 S R )
Fig.6 During the Meiyu season in 2019 over the Yangtze-Huai River Basin Averaged geopotential height (black

solid line, unit: dagpm, black long-dashed line shows the ridge line of the South Asian high) and zonal wind (>25
m s, blue line) and divergence (shading, unit: 10° <) at 200 hPa(a), geopotential height (black solid line, unit:
dagpm, black long-dashed line shows the ridge line of the Northwest Pacific subtropical high) and its anomalies at

500 hPa (shading) (b), water vapor flux (vector arrow, unit: kg m™ s) and its divergence (shading, unit:

kg m? 5% at 850 hPa(c), anomalies of water vapor flux (vector arrow, unit: kg m™* s%) and its divergence

(shading, unit: kg m? s) at 850 hPa (d)
(Green lines show the climatological contemporaneous mean of the Northwest Pacific subtropical high and South

Asian high and their ridge lines)
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Fig.7 The latitude-altitude cross sections of various physical quantities averaged over 110°~123E during the
Meiyu season in 2019 over the Yangtze—Huai River Basin (a, ¢) and their climatological contemporaneous mean (b,
d)

(a, b) zonal wind (unit: m %) and divergence (shading, unit: 10° s™) , (c, d) water vapor flux (vector arrow, black
lines show the meridional component, unit: kg m™ s) and its divergence (shading, unit: kg m? %) (Dashed lines
show the area of heavy rain belt under the influence of the East Asia summer monsoon)
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Fig.8 Daily anomaly of geopotential height at 500 hPa over east of Australia (a, unit: dagpm) and East Asian

summer monsoon index in 2019 (b,unit: m s%)
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