B30 % A4
2019 4£ 7 A

B R R
JOURNAL OF APPLIED METEOROLOGICAL SCIENCE

Vol. 30, No. 4
July 2019

BUSC XA R L 26 58 5. R E 5 UK B 2L AT L ik J2.

DOI: 10.11898/1001-7313. 20190402

AR 52247 ,2019,30(4) :401-415.

FIESFERXETEUHARER

A i fa

A WA R

R

VO E R SR AT B, bRt 100081)
2 (O [ B2 e R BT ST T, dE ST 100029)

i

o
=

AR ZE AT (10~90 ) A2 Al I v [ 2 4 0 A 0 [ /K gl PR TR 88 13 R ) R0 1 1) B 3R O 40 L A
T RATR BRI A% 2 35 B R B 2 1] A4 B DX . W50 3 B« AR R R 2 9 A8 A R 7R I B XU A
Py BRARFAT & R 2 2 A 2 1] Y IR ] B 56 28 2 AR W 2 XU 2 Y AR A VR A T TR P Y ORI . AR R R KK
1425 Madden-Julian 4 % (MJO) 775 .25 22 5, UL 1 MJO SR B AR 37 5 2 WU 2= 5 42 4 1Y A 8 2 1 45
Ko ZRMEH 2= R T A 5 — BE Bk U T #R I AP ikl o 45 BRI K Bl 8 22 AR S v [ 2 3 o 2 0 2
JE/RJE -1 J7 ¥ s (ENSOY F 4, b dh » 3 (-3 XM S A G 31 O Tk RE 06 20 A AR W B 22 U2 PR 5 L 22 i ] R

BE T AL

P+ R 55 A e Y 2 e A 456 2R I R 2 IR 2 5 25 ) 2 L il O 3 AR I B 2 R 2 T B S 4

o 8 1k 14 G B B AR A ) A 5 3 B 0 AR I B 2 IR R A A ) B () S
KB ARIWEZ R BT s AR S 20 I 6] AR AR T 5 Shaian (R A9 34 [ 52

R E 25 KR AR A2 T [ 8 2 K WU [
B2 51 R TR E B SRR F M A 1) FEEER . Kbl
FHELRH LR EFERMKZET (10~90 DR
SR AR SR R R K L R AR A A o R R
M Z AR, b B A i e S M R KB S AR I
HRRNMIRETIRGAERYI LR, 1991 £ 5
2 R R AR L K L DL 1998 4 IR E K
TANR /A RN 1L AR R AR N N S R T N R S E
PG R, PR AR 2% 28 A,
KPR R A I IR B 3 A TR P SR A X A R
2T A O DRI o BRI s AT Uk 24 0 ) 7 R
BN, ETRETHMAEALESBEAZ
&5 E, A ZHALE (WMO) B A A RA
(WWRP/ THORPEX) At - i #F 5% 113 (WCRP)

2019-02-18 Y F|, 2019-04-26 Wi F| - e f .

e 2012 AFJL Al 42 7 O FE 1 2= 05 (S2S) [l AF
FER . IR H AR A R UR (2 )
AT (1A ZE ) 22 (8] JE — R B 2L S B R -
S — R Al B 0 BE B TR . B X E g S2S i
RR A2 (RS, 2015 4F A [ UG R AL T DA 58 UM
L D A 1 5 U0 4 2 Y R T AR A R A
QBT AT BN IR T BT N I R
SRR TRZ — . Hf R R F KR
PEBIEFE 14 s 2 3 e X e ] B 2 U 2 A e K 3R 3L
18 I 28 0 S AL | T2 B B AR L OGBS i [ LT
JCAIL B0 0 B s 1) 2R G AE S TR 3 ok
A A ARSI ) B A AR R TR R R R
RS TERE K LR v i PR A A i KR A
PR TN BLE K P R SCEERE AT .

ARG A RAR R B T R 2 K=y R
55 o ] RN AT I S 00 A Z () O R L 4R T TR O
A FA T AR B0 ) 2 1 8 A R R e D R M T X AR I 2

W H . ER A RE SRS T ST H (41830969) , B 5 SRR 3 4 1 01 H (41775052) , i S 82 S5 B 357 TR Yk 2645 28 2 4 A0 0 0 <1
RGN, o R SR E B S AR 45 22300 B (2018Z006) . HA [E 3 4 B2 B 58 B Bk 4 % JE 3 45 (2018KJ030)

* M4 . zhucw(@ cma. gov. cn



402 NoH X

%30 &

PR Z MR 48 HH T PG R 3 ) BAGEE g Hs g e ) )
T 98 0 R I 8 ) DA B ¥4 8% <0 AT AH T A G v
5 R fek B g, 20 thal 80 AR,
ERE R TR T AW E R REME, X R
ARG TLE R G T KR ZE 22 4L
RAURIIR G 55— 2RI [ AT T R 58 B
T8 TR K B A KL (] S 2
T 20 4B, NG SR AR L FERARGA T HME
T D e A A 0 B 7 AR 4R .
TE 52 7 W= AR J5 i 48 ) 17 DL 2R VLR b XY
RS R 7K T 2 T 5 25 46 AR S 3 DX 4 2 4 ) B
ARG T s T R e M SR 38 VR O T L 4R
Hh TR T e DA R AR AR I L R U K Y
TR AR R AR G 5 T #5784 % ENSO
TRV B8 T I S 2 T B 2 Y AP 3 ) R e ] R
IR ALBR 200 7 e iy 5 B B A 5 0 5 TRT L DA 22 9
Z B R SR A AL R VG P T L S R R A
7R T i A B ORAUER R S o R A TR B
SR AR 0 2 XU LB

VLR A T T T O AR o T A 2T N
AR AL CHE R T L V3 A 1 A G 75 R ) AN 7R
MV K 2= A= R Y E T R [ B 2
B K R =0 S0 i N 4. DR AR . Y IN R
L5 AR IR 43 i Z B AP AE BT RO/ . T
BTN (55 B B 2 A B i R K 2R Y
A AR T W S AR B i AR R . B ST AR
th s P E KB A B 2R R T R K R O R R
CREAR B A FR (=A% AL PR A28 78 I 35 43 )
FIRAE 40 d 120 d IR G ASAE . i — 250
R B S 2R W 2 R A A YR 2 15 AR S (climatological
intraseasonal oscillation, CISO) 7 %} i #1 X 3% I 2% B0
R 20~70 d F45 N iR (ISO) FRAE » 32 22 dy 1)
] R A5 1SO FAEAG 15 5 Z2 1) (14 255 A S 3800
BRI AR B 7 K CISO 76 #1348 1k | 42 %2
TR 40~80 d 4k ¥ . FR T AE 3 I PG K-
A T e AN Sty A COURR AR AL 0 iy 5
A, 2 3 DI ] — 2 s, Bk R
Ry AR B RRAE (R VLA R B, 24 52y U A PG K
T ) R ) ) AR R o 9 A G o T e I S U S
7 ek K ) A 2 43 A (B 5 Bk 8D

AR =R 2= NIk o R 0 23R B 10
~20 d Ml 30~ 60 d. IFAFAE B R AF B 22 57000
— Ny, 30~60 d ISO HE 2 MJO B 1o L £ FE A

KL 10~20 d 1SO W55 H 23 JBE PR il R
T Rossby ¢ 1) A& 4 A7 560 0 v, 75 80 I
JEEZE 10~20 d 1SO f 2 a9 I, i Mad-
den-Julian 4% (MJO)™ [ENSO™" | + e Jir ™ |
L@ A N | 8 7§27 NG R AN B 11 DS W
AR AR AR B 3 AR 1 A A A At A 5
3 PR o 52 v A R AR AR I A A A
) ENSO S50 7 9 4% 0 5 2 XU 2 4 28 At R
—SEARIR N R AR B KR R T AR A
A 52 FRHts A 8 05 12 PR 3 36 [F) R i s 18 % 22 A4 A i
SERESE R e o o o

i LA AT AR S 2 XU o B
AR AR HEAT T R BB FE » Sy 4 22 T i A 2%
BFFE B0 T RAF AR . ol T [ B K
AL SZ AR W B 7 AT 1 R Y R ) I R R
JXPAY AR LA L 22 B S 5 36 i 3% (7] 9 ] AR
T MIO B U B 3 131 5 3 JeoK i 3
T A S S BRI A I AR SO B T AR
575 AR 4 A% Ak B — 26 BB BF 5 AL AR
5 AR 2 A 3 A 1) = A 45 4 B R A
Bl Sy AR iR AR AR 0 51 38 5 0 A
Lo 22 IR AR AR A 04 B8 A D5 3 D7 T BEAT 1 1] Bt
IFAE LR 1 A2 M T AR B 7 KO A S v R
T A e By o 2 [

IS 3°E VR/E SR ATER S

PR EDAP S AR RPN IS P
Gt F I WY 80 = 4 RO 45 A AN R AR AR
PRI 3 7 DA 7R AR Jo S A T K IO £ 357 AT B
U 2R G0 19 R T 5 0 3% 21 v 245 BEE PR AR G Y 9 9 2R
AR RR B S A m 2 N o AR
B2 A At Sy R R AR R B B R R A R
o 2 T I DR K 2 A T ) R B A AT
FEE 3 H N AR 4 A LA A R T TTUY R K OR
AR % WO N2 1 PP %5 . 5 1 R ) R e 2 2 ALY
Fi R e AR R 2 U ST b s B IS - R XU E R
Mo DXRGE A b T 6 7 Hp ) B IR U U A D YT
HEML X HE AR I 1957 H N A2 8 H 41 = 2 K4k
2z 1) A A 2R 2 38 3 [ AL J7 b DX 0f i AR Jb— AL TS
75 (19 F 4 R0 Ve 3t DX AR R AR L BT R L
AR 5 75 AH 281 AN (03 B AR 2 XL R
728 1k« 3 2 B by 2 XU 199 g 0 2 T A 45 O K



B4l WU ST < AR T B 7 R 2 45 A8 AR T 5 i e

403

F AR

] R R K T U . T T XUAR R e v
DX B0 LA SO A S 3 220, B B A Y
ARARRRAE . SR L R TR T AR 28

fE(5 H 16—20 HO A . 7Era i H 2= XUE L AT H

W R A FR R S R RS A B 27~ 28 i L Bt g 23 B I e T B A (I 5 e 96

(s B AE A7 369 P 3L - A L MR 3 v s b T s Bl
508 5 IR Al AR P AR S P R PR I T R AR
SRR P T 2 DXURE R 2 X0 D 20 57 (P L, (8] T e

30°N = 30°N
2
20 i~5 20
0.9
10 0.8 10
0.6
0.5
EQ 0.3 EQ L
le—e—a—2 b
P 0 ”3
v 4 oS
IOQS I 4 ; s s / / { '\ \ = Eo S S Y 10°S {
150°E 90
100 100
(c) (d)
<’?7‘/ 2.5 R =T N 2.5
200 — /}/A/ m2°0’>' o
j / 2 = R Al 2
I - 2 A
40—\ VLo L5 54004 VL L Lo 1.5
ANV I Y AVENGEN
600—l | 1 600—/jlli 1
\ PEERN
Soofli{\\ 80— ] % NN\ -
1000 ‘ ! 1000 -
20 10°S EQ 10 20 30°N 20 10°S 30°N
240 240
230 230
220 220
210 210
200 200
1
60 90 120 150°E 150°E

BL A 2 p o S 2 XU R R AR
()55 27 1t 360 K SE5 L5 (B15% . 2037, PVU) XU (R At 8 am « 5= 1)L (D) 2R 29 X i 2 b A Al 4 P Ak
(B 3K - d- D FICR R IZR 0210 (O3 27 AT 110°~120°E P i 3R 8 POm A (H#E iz K - d D
TE A8 UL (S 2R B4 . 1077 PVU « s~ D) FIR M 28 BB PR U (0, B0 i o m o s 1L 20855 3k F0R B THE 3D
(DS 29 MUY 1107~ 120°E P34 HOm R I s K« d= D VIEALIR P I (54 967, 107° PVU « 57D
HILJs) i 28 P B O 2R it A3 - s LD Sk R B THE B ()5 27 ik OLRCHAL. W+ m™2) K53 i
(D5 29 & OLRCGAAL:W « m ) /K- 73 A
Fig.1 Climatological onset process of South China Sea summer monsoon
(a)360 K isentropic potential vorticity(the shaded,unit:PVU) and winds(vectors,unit;:m « s 1) in Pentad 27,
(b) upper-tropospheric diabatic heating(the shaded,unit:K « d~1) and air temperature(contours,unit:K) in Pentad 29,
(c)110°—120°E averaged latitude-pressure cross section of diabatic heating(the shaded,unit:K « d~1),
positive PV advection(contours,unit: 107> PVU « s7!) and local meridional circulation
(vectors,unit;m * s~ !,upper-level ascending is represented by bold arrows) in Pentad 27,
(d)110°—120°E averaged latitude-pressure cross section of diabatic heating(the shaded,unit:K « d" 1),
positive PV advection(contours,unit; 107> PVU « s71) and local meridional circulation
(vectors,unit;m » s~ ! ,upper-level ascending is represented by bold arrows) in Pentad 29,
(e) the horizontal distribution of OLR(unit:W « m—?) in Pentad 27,
(f) the horizontal distribution of OLR(unit:W « m~2) in Pentad 29




404 VA

%30 &

el Te) . % 1 163 25 KT U 0 5 o 0 8 30 X
B 7 2 U T 2 6 O 4 2 R 0
TS 4 25 6 3 5 0 WA T 086 A2 T B 0 £ £
At AR A 0 4 T SAFR L 19 U R 25
B35 1 BR L B 26T T B AR 0 28 S [ T
FIE 3R T KR GO g L S 2 4 20 1
Se 4l (b8 1d A 1D . [ 7 O 5 I 4E
S5 27 19 1) 4R 2 A A b 7 R T RE S B
i3 51 7 B 2 1 T A

V2 WG b L4 VTR T 6 BUR % 7R
S B A B L 2 S L B 0 v ) L
W L . 75 00 R W T O R 5E 4
S B 0 R A B B D IR
BB, BRI AR E B R CISO 765 i
By R O B IR 25 G K P A
2 2 8 1 04 SR 4 O L 7 R K
0 2 g 5 A = R U R S

60°N
v ZC
40
N
20 {
o
IS ,z/‘i‘n?{e——e— <« e
NT g v < <
0 = ‘\‘y ) A
60°N
40
20
0

3m-s’

AR R . BT E L AR ZE XL CISO 15 1 K
BRI A LR 3 AR R G0 R B s £ b & AR
. 3 DX T R A A A T 0 1) = R R A O A s T AE
5% 2 RS A3 1 I g R T A58 3 B R JE R
RS TUE AR % AP K- R R P IR B LAY
PEAR S AR 23 WIS 6 I AR IR 3t DX e A 7Y o K o
i 2) o JE— BT RM i g CISO {55 H B
FE VG ALK M X 5 5 ¥ Bl K g % bE 240 1 22 S
1L (9 AR 26 A B K P B R OB A ) . S
b RACHIAEAS TR 2 0 23 IR L o 5 o A R A 2
Ve HD AL 5 R R AE 1R AR B FE XL CISO 1 SE
BUE R IIE T R W 2 K CISO 58 1 K3 32 4
TR P RT3 DX v 2 L BE Sl d L TS 2 A U
5 Ry 5 U i S BAE A O . e ah DL 2
AR K ZE A CISO IR 2 MJO B fi 6 %E i, MJO
XA B 2= A CISO 1145 i A3 Jey BRAE P4 K- 3 1 i
AT ML X

&2 ZRIEE 2RI T (40~80 &) TS 23 ] 43 A1 AL (L6 R R Bk R B3R R R
()5 1 BEA A ) RE K 3 F1 850 hPa W, (b) 58 2 BLZS [l A /) R 7K 37 A1 850 hPa X,
()5 1 BB A 200 hPa K37 . (D4 2 B BIHAY 200 hPa X%

Fig. 2 Spatial distribution of the climatological sub-seasonal(40—80 d) modes of the EASM

(the shaded denotes rainfall, the vector denotes wind)

(a) the rainfall and 850 hPa wind field regressed against the first dominant mode, (b) the rainfall and 850 hPa

wind field regressed against the second dominant mode, (¢)200 hPa wind field regressed against the

first dominant mode, (d)200 hPa wind field regressed against the second dominant mode
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Fig. 3 Influences of spring soil moisture on the summer rainfall over East China(from Reference [68])

(anomalies are defined by results of sensitivity-minus-control runs)

(a)rainfall anomalies(unit:mm « d~!) in sensitivity experiments forced by the wetter soil moisture in March,

(b) rainfall anomalies(unit;mm « d=!) in sensitivity experiments forced by the drier soil moisture in March
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Fig. 4 Effects of spring snow over the Eurasian continent on the rainfall anomaly in China(from Reference [69])

(the shaded denotes passing the test of 0. 05 level)  (a)in-situ rainfall in JJA regressed against the snow water
equivalent during Mar in CFSR, (b)in-situ rainfall in JJA regressed against the snow water equivalent
during Apr in CFSR, (¢)in-situ rainfall in JJA regressed against the snow water equivalent during May in CFSR,
(d) snow water equivalent in zero leading month regressed against the predicted JJA rainfall starting from Mar in CFSv2,
(e)snow water equivalent in zero leading month regressed against the predicted JJA rainfall starting from Apr in CFSv2,

(f)snow water equivalent in zero leading month regressed against the predicted JJA rainfall starting from May in CFSv2
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Recent Advances on Sub-seasonal Variability of East Asian Summer Monsoon
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Abstract

The sub-seasonal (10—90 days) variability of East Asian summer monsoon (EASM) is crucial for ex-
treme climate disasters (e. g. , persistent heavy rainfall and heat waves) in China, which is a blind spot be-
tween the upper weather forecast and the seasonal prediction. Recent advances of EASM on sub-seasonal
timescale are reported, including features of EASM sub-seasonal variation, influences of mid-latitudinal
Eurasian soil moisture and snow cover, as well as the tropical air-sea interaction. Results show the poten-
tial predictability of EASM sub-seasonal variability depends on the phase-locking between the sub-seasonal
variability and seasonal cycle of EASM. The sub-seasonal variation of EASM is the intrinsic physical
mode, which is different from the Madden-Julian Oscillation. It is featured by the intra-seasonal interaction a-
mong the western Pacific subtropical high (WPSH), the South Asian High (SAH) and the Mongolian cyclone
(MC), along with the alternation of sub-seasonal rain belt in China. The onset of South China Sea summer
monsoon (SCSSM), the emergence of Meiyu over the Yangtze River and the starting of rainy season in
North China are critical for both the seasonal and sub-seasonal prediction of summer rainfall in China. In
mid-May, the eastward extension of SAH onto the South China Sea is vertically coupled with the retreat of
WPSH, leading to the onset of SCSSM. Afterwards, the temporal evolution of sub-seasonal modes in-
duced by WPSH, SAH and MC determines the beginning of rainy season over the Yangtze River and North
China. Another predicting source of EASM sub-seasonal variation is the interaction between underlying
forcing and atmospheric circulation. On one hand, the spring soil moisture over East China acts as an im-
portant precursor of summer monsoon onset and anomalous summer rainfall, and the spring snow cover o-
ver Eurasian continent could modulate the rainfall over South China. On the other hand, the relationship
between tropical air-sea interaction and SCSSM onset shows evident interdecadal variation. The decaying
rate of ENSO events and the mid-latitudinal wave activity in the upper troposphere can alter the sub-sea-
sonal variation of EASM on interannual timescale. In addition, a new detrended DPCCA method is devel-
oped to investigate the interaction among multi-factors of EASM on multi-timescales. Unsolved questions
about the sub-seasonal variation of EASM include objectively qualifying EASM sub-seasonal modes, the
crucial process affecting year-by-year changes of EASM sub-seasonal modes, and co-effects of underlying

factors on EASM sub-seasonal modes.

Key words: East Asian summer monsoon; sub-seasonal variability; interaction between extra-tropical and

tropical circulation; co-effects of underlying factors



