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Study on the Relationship between Interannual Anomaly of Summer
Precipitation in North China and Atmospheric Dynamics, Water Vapor
Conditions in Recent 60 Years

Abstract: In order to understand the cause of the interannual anomaly of summer precipitation in North China
and improve the climate monitoring and prediction technology, based on the summer precipitation data in North
China and the NCEP/NCAR reanalysis circulation data, this paper analyzes the relationship between the East
Asian subtropical summer monsoon index (EAMI), the North China atmospheric dynamic rise index (HBDRI)
and the summer precipitation in North China by using the methods of correlation, synthesis and circulation
anomaly regression reconstruction. The main results are as follows: (1) The East Asian subtropical summer
monsoon index and the North China atmospheric dynamic rise index have a good correspondence with the
summer precipitation in North China. When the two indexes are stronger, the summer precipitation in North
China will be above mean. When the two indexes are weaker, the summer precipitation in North China will be
below mean. If the strength of the two indexes is not consistent, North China will have a regional precipitation
above mean, but the overall precipitation in the whole region is basically normal. (2) The summer precipitation
anomaly in North China is the result of the synergistic effect of the East Asian subtropical summer monsoon and
the upward movement of atmospheric dynamics North China. In the year when the East Asian subtropical
summer monsoon index and the North China atmospheric dynamic rise index are stronger, the Baikal Lake trough
at the 500hPa level will deepen in summer, the Northwest Pacific subtropical high will be northward, so that
North China is under the control of the circulation pattern of "high in the east and low in the west", and the
western low trough will be blocked from moving eastward, and the atmospheric rising movement will be
maintained for a long time in North China. The Indian summer monsoon and the East Asian subtropical summer

monsoon will be stronger at 850hPa level. At this time, the westerly wind water vapor transport in the tropical
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Indian Ocean, the southerly wind water vapor transport in the East Asian subtropical region, or the southeast wind
water vapor transport will be strengthened, and the source of water vapor in North China will be sufficient. This
configuration of high and low level circulation is very conducive to causing more summer precipitation in North
China. On the contrary, the summer precipitation in North China will be unusually below mean. (3) The stronger
the East Asian subtropical summer monsoon index and the North China atmospheric dynamic rise index in the
early April-May period can be used as a climate monitoring and prediction predictor for the abnormally high
summer precipitation in North China.

Key words: North China; Summer; Precipitation anomaly; Atmospheric circulation; Influence mechanism
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AL X AL T R R B RACA S, BAKETHIAY, BKEREEPERSE, HEFERKE
w0 65% LA F, RTREARMIX KA PR R ORI — AN X (RAENISE, 1999; XSO —IL,
2011; SARFIAR AR, 2018; ML AFIEER, 2018; WHEUERING &, 2022) , HH 5| K™ HE it B R T
PAEERKARKE, SZHIX TR, AN KA M7= 22 4 RAR K gy, A i
SR ERI L GRS, 2003; fFE9), 2005; T —IC%, 2013b; 5434, 2021; Luo et al,
2022) . ANRAEALE R K S AR AR RN Ok B K IO A, X RHE R B AR AR P L B IR K
FVER R G EE,

SHEALE ZE K R A, SR TR 2RI (P RTAURIZE RO, 1934; IR RI#E 142,
1944; T—I%, 2018) o EJLFR/AK RERZRWE EXNT M, RUEFEXNESREEENX. @HRHE
Z= X, (Tao Al Chen,1987; Zhu et al.,1986; Li F1 Zeng, 2003; Ding 2004; Ding A1 Chan,2005) , ‘112 [l
FEA AR, BEHESEh ERVEE R 5. £l ly, RUEFERRCEREXEL, 5 HHT
HAL EERE X, e TS /K (Ding etal., 2004) 5 2 )5, EZRH 4 P IRALBERI S
T 26 )5 T BT I R AN AL B 28 (R 3145, 1991; Ding, 2004) . k%2 $hif 7T (4 % i 45,2000; Wang
Al Lin, 2002; Wang %%, 2004; Ding, 2004; Ding et al., 2007; He 1 Zhu, 2016) £, ElbtE MK
FE R 2 KR R 5 BT A b HEE R 45 5 (Lau A1 Yang, 1997; Webster et al., 1998; [4NN#E%E,
2019) ; HHEWF (445, 2007, 2008; Zhao et al., 2007; #HFEEE, 2011; A AEFT —IC, 2023)
WA, HRIEWN IR G A I 4G T, AR 0 Ay 28 IXURT I s 28 XU /R e o I R A T A
2, REZE ARG PRI FH sl 8 2 i e b 5 2 K 5 1) — A B 25K (Chen et al., 2020) .

TEB) 126 AFREMA 7 T, BXF55 (2008) B2 H - AP35 2) (Asian-Pacific Oscillation, APO)
MEGr, HE—DRFTT GERART, 2012) KRB, MEFWM- K PEHHESITEEAPO fim (K B, 7
KPR R m R GR (59 Hmdt (F) , ARSI W (55 , Bt R ARICIEREK
Wz (/b) o B (2019) WFR A, RRIEEFI><A EU (Eurasian teleconnection, EU) F1ZR - A
PEIERI SR EAP (East Asia-Pacific teleconnection pattern, EAP) W B M, EATHI P FIVEH
A3 AL X B F K R . Wang 25 (2018) BFFTR B, EAP RUIE (4 {rAR M E KT ifiie b
DARGHLIX R S 2 W DD RIRASEFE. Bois FLRIER AL SC (2021) KL, FERKOIEIEH S
EU ffiAH, WnRENEEE R, WAEILEZERK S W . EARRENER W T, X3
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Me KV ARIA R B R (AR AURI 2R RGH, 1934; IR BEMITE 14, 1944; T V4%, 2018) . Zhou &%

(2010) WFFERW], AKIHE AR 5 IREZR N RS AR Y&, TR E 2= XU
55 51 A2 AR LKV I Ja D it B AR A8 B 2R Kb i) — DN E R . R MZERE (2018) AA,
AR 2R R R 25 U S5 N i e XK VRIS AR ME Bk R b IX 3 il 2R K e o b . k8
& (2021) KINL, ZFERIL RGN A AC B 2l 6 KRB, AN [ DX K AR A —RE I 5
Wi o AEAEAL R Z=FRK BRI I, WA e A (LA L4k %5, 1988; #A7E4R, 2007, X2
AT, 2008; #RARFHSE, 2016,2018; 3 FUFIFR AL SC, 2021) , 46 E = F47K 55 B EE B /KA B 1Y)
—EWE, JRRW T IR =K fE bR . BRI ZE Y (2016) SR A AH S TR Rl Pkt
MSAR I REEAE AL (7-8 H) FEAKTI, IS — B M 70%5R =5 87%. JRE MK
W AR R, IR /K 0 o7 B A AR KR &, (HFIN G IRANESE, U H B BV e 4 itk
AW ARAETTI ok, U550t — B IT RAH I FL (Piao etal., 2021, 2022; Xl 3C5F, 2022)

TR At E KGR TR 2 HRRE A GRSL AR I, 2012) , i tedbE ZEp K T
MHEPEIRCOR CT—IC4F, 2013a) , KR THALE KR H R IR — B & 32 RIER A A GRESZ
A:%5.2020) o MBAEBFFURT R, i RRAEIL R BRSO R E EEE WA AR KRS %
fE, A RRAUKIRAT, JTUHXS T o PR K MRS oK, sh—ATT . G0N, ARIEE 2= K
AR, IR FERKWE, R, BFEREKWD, HEERZA-BHFEM. - TRRFESR
S A K — AN T, W KA R A, WARMEIE PR K2, AR O 3 (1 2R S A
REEAE . ASORAEE PR RSB 1 AR UK 2 AE 7 T 25 5 7 B AL B 2= K =
WHIEE, AR 2= K S 5 R AR VAN SOdE T AR SR R 5 2 ks
1 RS
1.1 FRA%E

(D BEKBERE A E K ARG B OB FL ) 1961-20224° 4> [H 2400436 H Bk = H k), 44k
148 AR (ELIEHEN) |, HRILE K EF 214805 FIME.  (2) Msiet. i
5 ] [ 58 R 53 T rh o0 FN 8 K AUF e Hh 0y (National Centers for Environmental Prediction/National
Center for Atmospheric Research, NCEP/NCAR) k& HiI{ERI F /0 HrZ el (Kalnay etal., 1996) , M3
B OE x #\ ¥ M K A % B J/m C fil B NOAA O W & 77 MW uf
https://www.esrl.noaa.gov/psd/data/gridded/index.html[2023-3-6] F#%. % EIKF/r %2595 & H]
I B 1961-20224F HAE B RE, 23578850 hPa)z I 4hi [ Xuku (UB50) £ fn XUy (V850D . Ltikq
(Q850) , 500 hPajZfi# = Eh (H500) 4.
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Fig.1 North China location (blue boxed area, below).
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1. RIERFHEERXIEE (East Asian subtropical summer monsoon index, f&i#k EAMI)

AR FEK SR WEFEREYIMG, NE &S ZRNBR, Be2e URTRAIHRGE
FERIEH . BT RERBUME R, ARACKEE LT HAAZERIEE (Wang 5%, 2008a; [FifE (L
FBRMERR, 2017) , MASEIAEE S HT T2 RAR I 55005 KRR SH U, X RERFR
TRV (110°E-120°E, 25°N-45°N) [f) 850hPa £t [ X\ V850 K& SR WA #H; B 2= K FE 4.
JeTt A 1981-2010 4 360 4N H V850 ISAME va Fldsy 7y % vstd, SR 5%} 1961-2022 4F% H (1) V850 1E xR
HEACAL R, 1SRRI KRS, o E R85 T @l #hilr 5 2 AR EASMIL. THEL AN

Iolo.az

_ 1 Z
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i=1981.01
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1 ]
ustd=ﬁ Z (v;— va)-

i=1981.01

v; —va
vstd

EAMI, =

A i READ, vifREH MBS R XIE, va fRERS XK 1981-2010 4 360 4 HFIIMH, vstd 18
2 m WGE 1981-2010 4 360 /N H ¥ T7 %, EASMI ARG ZR LG #viy 5 2= R4k

2. #db KR53/ EFHES (North China Atmospheric Dynamical Rise Index, f&i# HBDRI)

Jf| 500hPa ZHEILZR MGl (120°E-140°E, 30°N-50°N) & fE 370k L AL MIyu FE (95°E-115°E,
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35°N-55°N) Ml (%K 2) , FHH 1981-2010 4F 360 ™ H FHME Y77 ZAEFREAL AT, Bt
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Iolo.az
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hdstd = = > (hd;— hda)’

i=1981.01
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hdstd

A i REAG, ha REXICFY @R, hd AR X R EEEZE, hda AARXIEEEZEE
1981-2010 4 360 M H~F-¥1E, hdstd A3 X 185 5 2 (E 1981-2010 4 360 N H 177 %, HBDRI A
Absh ) EFEE

3. WA E G EHERITiE

SRR R R (] AR A A1 B 23 )4 2 AR AR A IR IS TA) R 8, PR ARk A i B 5 2
SRS W i NFEERI ] FH, yi N E M ISR — s S bR e,

HBDRI, =

vi=a-x;+b

A, a NEMEARTFAE, b AEMJEIHE L. a (026 046 R 2 SRR E . T
AR LS H S SRR BT, [RIVATH SR, BCRE i AF bR B BT — P AL 2 . Wang 55(2008b)
AL (20180 & FIZ 7 A (8] 3 51 Al XU« S Bk 2 e %4, IF i
TR PR . 2T IERAE AW I T I — R 2057

Hott, NE QMR Z AR R, AR KRB R B, K KR 751
AR Z RS AR ETHEEL s S 8 X T VB S o A 10 4 DLEEEACRRAL
sy . ASCER BRI AR Sl RIE RS L, MRMERE VR t 58T,
EE R ARE S S N o IR E

2 HEEFFKRERIRER

2.1 RSEHFH

BEKBORAEH AT — MR ETRAF, 53— ARAKIFAE, JCHR T 3K
FIFRFEEIEREK, B—AW],

K2 & 1961-2022 FEEILE ZFREKE S EZ 500hPa 370 5% REL K 5 K (i £ X6 B F)
500hPa =i B A0 fE 2a b, TEASRIXAL TS H/R 10, BASE 8, FURDCIX AT I
IZREIE R HAVUREH b, R sS@RmRIE. SURRIshissIRE. £/ 2b b, &ERED
PORIOIESR S DUIZRII R . S B IR . HAR DRI BT . XA R 3 o A fE 4
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(a) Correlation between precipitation and 500hPa height.
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Fig.2 Spatial distribution of (a) the correlation coefficient between summer precipitation in North China and summer
500hPa height field (Shaded area. Black dotted areas passed the 0.05 reliability test) and (b) the 500hPa height field
anomalies corresponding to more precipitation (Shaded area. Unit: dagpm. Black dotted areas passed the 0.05 reliability test)
in 1961-2022. The isoline is the annual average of the summer 500hPa height field. The anomalies are the result of regression

reconstruction upon the summer precipitation series.
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(a) Correlation between precipitation and 850hPa water vapor flux (b) 850hPa water vapor flux anomaly upon precipitation
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K (b) 5FEKAm 2 XfRifY) 850hPa J= /KRB & 5 i (18] 0 A (sE XAk, BOHE LKL T 0.05 5 R 5
fr: kgemZes) . EAERXT KT 51 RIH E AR 45 R
Fig. 3 Spatial distribution of (a) the correlation coefficients between summer precipitation in North China and summer
850hPa water vapour flux (Shaded areas. Black dotted areas passed the 0.05 confidence test) and (b) the 850hPa water vapor
flux anomalies corresponding to more precipitation (Shaded areas and arrows. Black arrow passed the 0.05 confidence test.

Unit: kgem2es%) in 1961-2022. The anomalies are the result of regression reconstruction upon the precipitation series.
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3.1 NRXRAGVHHFHE

4 & 1961-2022 EARI BN RIRE . ALK ETHEE S AL E =K AR
e =AM EHCEE FLIEGEHA 10 L EFERPRRILE . TUER], RS EEHE IR
BFRIR NI A, TR R R ORI 2 BE M IEA R, #0EE 1 0.05 (5 s, HAbAM R R &
1.

T 1961-2022 FHENLBFEABSFTRIATEFNER, LIXSFHH EFAERHBEXREL

Table.1 Correlation coefficient between the summer precipitation in North China and the East Asian subtropical
summer monsoon index and the North China atmospheric dynamic rise index during 1961-2022.

BHHAER ELEES =REPS
Ay Precipitation ~ EAMI  HBDRI EAMI(-GBDRI) HBDRI(-EAMI) EAMI, HBDRI
Precipitation 1.0%* 0.5491%*  0.4948** 0.3580** 0.2397* 0.5845%*
EAMI 0.5491** 1.0%*  0.6128**
HBDRI 0.4948**  0.6218**  1.0**

**ERL T 0.05 (FRE R *ilad 1 0.10 15 AR

4 R E Z= KR R IE R i R SR, HRAb R BT R et 2. =Mk
a2 7RGS0 10 R LU BB » WA B, BE/K-S5 PN H 0 B R 5%
o ARG B 2= XERE. St R ah ) TR B e aE, HILE KM . RPN TEE
RIS AN BN, RACRFROKIEAONIER ; WRWA R L RS, WAt = 2 K S D
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Fig. 4 Variation curves of summer precipitation anomaly in North China, East Asian subtropical summer monsoon index and

North China atmospheric dynamic rise index from 1961 to 2022 (linear trend and decadal variation components above 10

years have been removed).
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PP R T EU/NT 05 MhstEZEE SONSHE, BMWIRE. WEZFESmMISE. WOE, NT205 frif
ZZRIERFRNIER F. R 2 RARWE G TR E4bzh 7 BT adcs b 2 3= oK it
PR ARG AR XA R i 28 SRR R, FILE TR R, BoA Il
K A 50 FREUER SR, HACEFRKREONIERSE, BAW2 . WAONFES; RERIEE,
AL R [ ACORHR D, WA IR DB R 2, X 32 R B 2R B KUK U IA i i i B 5 2R AL
A, 2016) o XFRNARIEKABIT ETHER: fREUReRE, AR FEOK B mE, B L
KBS TREUER S, HRIEEFRARKRHOVIER S, WHEWRZ . WMORFER: REMISE,
ALE K RER WD, A 1 FEmE. RIS, RN RN EAish 77 BT
s, WAEILEREKWE, k2, WIECEmaan, Wb R FREK D . H g DA A
—

F2 19612022 FHRUBIAGTEERNER, LIRS LEABHEELESHKHXRSET. 240 F
Table.2 Statistics of the relationship between the East Asian subtropical summer monsoon index, the North China
atmospheric dynamic rise index and the summer precipitation in North China during 1961-2022. Unit: year.
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(ﬂ) Precipitation for EAMI_strong and HBDRI_strong (b) Precipitation for EAMI_weak and HBDRI_weak
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(C) Precipitation for EAMI_strong and HBDRI weak (d) Precipitation for EAMI weak and HBDRI strong
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K5 ARIEREHH E 2R KR ECR AL K3 1 B THR A [RIC B 1) 52 2R B K e 8 5 s o) A B %,
X T 0.05 fHERKR.  (a) %R EAMI %, HBDRI 3:  (b) XiRi EAMI §5. HBDRI §5;
(c) X EAMI 5. HBDRI §§; (d) Xfi EAMI §5. HBDRI 5.
Fig.5 Composited spatial distribution of summer precipitation anomalies corresponding to the different combination
scenarios of East Asian subtropical summer monsoon index and North China atmospheric dynamic rise index. Unit:%. Black
dotted area passed the 0.05 reliability test. (a) strong EAMI and strong HBDRI; (b) weak EAMI and weak HBDRI; (c) strong
EAMI and weak HBDRI; (d) weak EAMI and strong HBDRI
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H1F- 500hPa JZ &7 KB K FE I EE S 712, 850hPa 252 MK R A EEKIRMNEZ, Tl
H M\ 500hPa JZIAJLALAL . 850hPa 2KV UAmid AR RN IR L EE I LA . B 6 S0 0 2R ML @l #Avly B
ZRIREL L)) BB UR R ) 500hPa 5 B3 R S (A3 A . B 7 S0 BRI Rl s B 2R X
fadi. HAbzh )y EFHFa Bk RIS ¥ 850hPa JZ /K FE 5 A B A0 AT o S (R N FR A ] S 1 4
R, A EIEY O R BB E R 10 0L BRI RS .

10



245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263

264

265
266
267
268
269
270
271

fEE 6 b, xRN ARTEEI AT R X EEE (8 6a) , DUIIZRI B S5 A X A
PR M N RF LR . NI a ) BT RE (B eb) , DUIZR# 5
BN RF LSRR W, RIRIAGH R XA sl ) ETHR A
IRIAREARER s VAL PR E] AT = R 1AL Rz i AR 1L 2 2= 30K

EE 7 b, RNARTEI G R R RIEE (B 7a) , ZRIEHLIX A 523 10 i B RIS izt 1E 7
s B R P KUK IR 0 R ARAb s ETHEE (B 7h) ARSI DX IR o B S ) i e
ROKFEB IE S, (H 3 2R R i LA L T ook, 5181 7a ANIE]; il EIRE PR AR O 2 (1 76 XL
KRB AR . AT, £ 850hPa J=, ARMLREIFH EZ KA. dbah i o e o e 3 E
IR At e RV i K S T BRI O XU I8 5 R A S R K )

TG RIS, R AR R By B 28 IR B i (b3l 70 ETHREUWE) 4, HZF 500hPa JZ JUN/R
ik oy P NI | o N R 4 ) N e PR S L s N QB % 1 N (R L B
SR, SAEEACYERAECKC I (8] 13 77 EFHZ ) 850hPa JEENEEE ZRX. AR L FAy B = R 2> o,
TR R BV RE T 7 XK s DA B 2R S ) A e b XA g XK B g UK Uanig = e,
AEARFORIETE 2 XA ARG E AR F AR T & I b R TR A HE W Z . AR R R
FXFaHRTS ksl ) ETHEEURES) 4, 500hPa J2 UUN/R I 2 ARk sk A . PHALACE R
ol g, HABAL T ARARTT S AR AP R, (R AL E i T AL AR B A shid TR, 4
RSB BT SR8 850hPa JRENEEE ZE R, AL R 22 XA 2 55, X #ey B VE TG
ROKFEE IS A X BLAE ORI IE 5, SR ARPORIEII R . XA & RS
BEAMTHRICE TR ALE, G K D .

W MGGER,
WE A
=

5 (a) H500 anomaly upon EAMI. (b) H500 anomaly upon HBDRI.
O Il ! 1 ! 1 1 I L 1 ! !

L I s L ! L 0()°PJ

R bld

"30°E° 60°E 90°E 120°E 150°E  180° 0°  30°E  60°E  90°E  120°E  150°E
-l T

2 -1 0 1 2
500hPa height field anomaly (unit: dagpm)

K6 1961-2022 X Bi(a) A< MLty B 2 AR %L, (b)*Ab3) /) BT+ HaHudh s B 2= 500hPa & B 7 5 i 2% 18] 43 i (1]
IX), SEHLREZFFHETSEY. pHE AR EHEREMKER, BOAXHEN T 0.05 FE%. B
dagpm.
Fig. 6 Spatial distribution of summer 500 hPa height field anomalies (shaded areas) corresponding to (a) the stronger East
Asian subtropical summer monsoon index and (b) the stronger North China atmospheric dynamical rise index in 1961-2022, ,
with the contours being the multi-year average summer height field. The anomalies are the result of regression reconstruction
upon the indices, and black dotted areas passed the 0.05 confidence test. Unit: dagpm.
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Fig. 7 Spatial distribution of summer 850hPa water vapour flux anomalies (shaded areas and arrows) corresponding to (a)
the stronger East Asian subtropical summer monsoon index and (b) the stronger North China atmospheric dynamical rise
index in 1961-2022. The anomalies are the result of regression reconstruction upon the indices, with black arrows passed the
0.05 confidence test. Unit: kgem2es.
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Fig.8 Spatial distribution of (a) height field anomaly of 500hPa level (shaded areas, with black dotted areas passed the 0.05
reliability test. The isoline is the multi-year average of height field from April to May. Unit: dagpm) and (b) water vapor flux
anomaly at 850hPa level (shaded areas and arrows, with black arrow passed the 0.05 reliability test. Unit: kgem2es) in the
early April to May corresponding to more summer precipitation in North China during 1961-2022.). The abnormal value is

the result of regression reconstruction upon precipitation series.

4 NEHR

R ity 2R IR BN AEAL KR8 1) E TR S AL B KA RN R R . AR
Howmomis, HIEFRKEREREZ: WMEEURTS, FILE K E D R MmN H0R S
A—Ff, At X 2 I X SR BE K AR 2 A5 00, (ARG X R A B R K B Ay IR

FERCIE AL T T, 7A@ 2 2R e 8w (4edbsh ) BTHEEURSR) 4, 5 ZE 500hPa )2
DUINZRRE 2 i PEALACP R Rl 3 m R mdl, ARdbab TR m v R im 2 g~ PEEK
TR ZIE, STERACAERF B (A3 ) EFHiZ3); 850hPa ZENEERE X, AR IR H =M 4
i, I AT I RE T T8 XK PR DA R 2R Ul B4y b X AR g UK V3% - BRZR Pl UKV s 2 1
5, HEAKFCRIER L. XFhE. TR E AR TEREItE R KR E RS . R, #
EEFERAKEFE MRS B, AR KR 2 B 2 R TR R )AL K3 )
EFHIEF P EIE R AR

RT3 4-5 H, 41k 500hPa )2 UUIRZR IR IR « PH AL AP Rl #vi s e fk, 850nhPa J2ENJE H 2=
R AR R R XRGR R B RRIEE, MR ERKTRE R HmE. B 45 H, %
TR B RR R IR A3 ) ETHE R, W LME AR E ZR K e 8 e 2 10— AN T
DFRCIFE R o

i L FE RS AR W T R, RN AR s e L E ZE K2 WINE RS (E
EEZER. ElE R RIEEIRGTE RO I FEEH LR AR s e d0 2 220K 2
XL i) 3 g T AR E— 2B WA

13



325
326

327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376

S 3R

Chen B Y,Wang L,Wu M M,. 2020. Contrasting the Indian and western North Pacific summer monsoons in terms of their intensity of interannual
variability and  biennial  relationship ~ with  ENSO[J].  Atmospheric and  Oceanic  Science Letters, 13(5):462-469.
DOI:10.1080/16742834.2020.1806683

Ding Y H, Johnny C L Chan, 2005. The East Asian summer monsoon: An overview[J]. Meteorology and Atmospheric Physics, 89(3):117-142. DOI:
10.1007/s00703-005-0125-z.

Ding Y H, 2004.. Seasonal march of the East-Asia summer monsoon. In: Chang C P, ed. East Asian Monsoon. Singapore: World Scientific Publishing,
p3-53. https://doi.org/10.1142/9789812701411_0001.

Ding Y H, Li C Y, Liu Y J, 2004. Overview of the South China Sea monsoon experiment[J]. Adv Atmos Sci,21(3): 343 -360. DOI:
10.1007/BF02915563.

Ding Y H, Wang Z Y, Sun Y, 2007. Interdecadal variation of the summer precipitation in East China and its association with decreasing Asian
summer monsoon. Part I: Observed evidences[J]. International Journal of Climatology, 28(9):1139-1161. DOI:10.1002/joc.1615.

He J H, Zhu Z W, 2016. The relation of South China Sea monsoon onset with the subsequent rainfall over the subtropical East Asia[J]. International
Journal of Climatolog, 35(15): 4547 -4556. DOI: 10.1002/joc.4305.

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. DOI:
10.1175/1520-0477(1996)077<0437:TNYRP>2.0.CO;2.

Lau K M, Yang S, 1997. Climatology and interannual variability of the southeast Asian summer monsoon[J]. Adv Atmos Sci, 14(2):141-162.
DOI:10.1007/s00376-997-0016-y.

LiJ P, Zeng Q C, 2003. A unified monsoon index[J]. Geophys Res Lett, 29(8): 1151-1154. DOI:10.1029/2001GL013874.

Luo Yali, Zhang Jiahua, Yu miao, et al., 2023. On the influences of urbanization on the extreme rainfall over Zhengzhou on 20 July 2021: a
convection-permitting ensemble modeling study[J]. Adv. Atmos. Sci., 40(3):393-409.In press. DOI: 10.1007/s00376-022-2048-8.

Piao Jinling, Chen Wen, Chen Shangfeng, et al., 2021. Mean states and future projections of precipitation over the monsoon transitional zone in China
in CMIP5 and CMIP6 models[J]. Climatic Change, 169(3):1-24. DOI: 10.1007/s10584-021-03286-8.

Piao Jinling, Chen Wen; Wang Lin, et al., 2022. Future projections of precipitation, surface temperatures and drought events over the monsoon
transitional zone in China from bias-corrected CMIP6 models[J]. International Journal of Climatology, 42(2):1203-1219. DOI:10.1002/joc.7297.

Tao S'Y, Chen L X, 1987. A review of recent research on the East Asian summer monsoon in China. In: Chang C P, Krishnamurti T N, eds. Monsoon
Meteorology[M]. Oxford: Oxford University Press, 60-92.

Wang B, Lin H, 2002. Rainy season of the Asian-Pacific summer monsoon[J]. Journal of Climate, 15(4):386-398.
DOI:10.1175/1520-0442(2002)015<0386:RSOTAP>2.0.CO;2

Wang B, Lin H, Zhang Y S, et al., 2004. Definition of South China Sea monsoon onset and commencement of the East Asia summer monsoon[J].
Journal of Climate, 17(4): 699-710. DOI: 10.1175/2932.1.

Wang B, Wu Z W, Li J P, et al., 2008a. How to measure the strength of the East Asian summer monsoon[J]. Journal of Climate, 21(17):4449-4463.

Wang Bin, Yang J, Zhou T J, et al., 2008b. Interdecadal changes in the major modes of Asian—Australian monsoon variability: Strengthening

relationship with ENSO since the late 1970s[J]. J. Climate, 21(8):1771-1789. DOI:10.1175/2007JCL11981.1

Wang L J, Wang C, Guo D, 2018. Evolution mechanism of synoptic-scale EAP teleconnection pattern and its relationship to summer precipitation in
China[J]. Atmospheric Research, 214:150-162. DOI: 10.1016/j.atmosres.2018.07.023.

Webster P J, Magana V O, Palmer T N, 1998. Monsoon: Process, predictability, and the prospects for prediction[J]. J Geophys Res, 103:14451-14510.
DOI: 10.1029/97JC02719.

Zhao P, Zhang R H, Liu J P, et al., 2007. Onset of southwesterly wind over eastern China and associated atmospheric circulation and rainfall[J]. Clim
Dyn, 28: 797-811. DOI: 10.1007/s00382-006-0212-y.

Zhou Xiao-Xia, Ding Yi-Hui,Wang Pan-Xing, 2010. Moisture transport in the Asian Summer Monsoon region and its relationship with summer

precipitation in China[J]. Acta Meteorologica Sinica,24(1):31-42.

Zhu Q G, He J H, Wang P X, 1986. A study of circulation differences between East-Asian and Indian summer monsoons with their interaction[J]. Adv
Atmos Sci, 3(4):466-477. DOI: 10.1007/BF02657936.

Wit L, BRIEERE,. 2017, R 3F B Z2 RIRH 40 2 KW BAFIE S AT 0], KSR 5440, 40(3):299-309. Chen H S, Chen J K, 2017. Classification of
East Asian summer monsoon indicesand their basic physical features[J]. Trans Atmos Sci (in Chinese), 40(3):299-309.
DOI:10.13878/j.cnki.dgkxxb.20160323001.

WRENAE, BAR T, BPE, 5, 2019. VHUIFRIE E TR 2= R b R X% T S F 2 FE 9], R AR 574, 30(4):385-400. Chen Lijuan, Zhao Junhu, Gu
Wei, et al., 2019. Advances of research and application on major rainy seasons in China[J]. Journal of Applied Meteorological Science(in
Chinese), 30(4): 385-400. DOI:10.11898/1001-7313.20190401.

FREERD, 2540, BT, 45,. 2000, ZRMEHEIX B ZR KR KIS FR). AU SEREET 7L, 5(4): 346-355 Chen L X, Li W, Zhao P, et al., 2000. On the

14


https://doi.org/10.1142/9789812701411_0001
https://scholar.cnki.net/Detail/doi/GARJ0010_4/SJWD00000884104
http://dx.doi.org/10.1007/s00376-997-0016-y
http://dx.doi.org/10.1029/2001GL013874
https://doi.org/10.1175/1520-0442(2002)015%3C0386:RSOTAP%3E2.0.CO;2
https://www.sciencedirect.com/journal/atmospheric-research
https://doi.org/10.1016/j.atmosres.2018.07.023

377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427

process of summer monsoon onset over East Asia[J]. Climatic and Environmental Research (in Chinese), 5(4):345-355.
DOI:10.3878/j.issn.1006-9585.2000.04.02

BRkzs, KEZAR, B4, 4. 1991 RTFRIM]. dbni: S&HMAL, 191pp. Chen L X, Zhu Q G, Luo H B, et al., 1991. The East Asian
Monsoon(in Chinese)[M], Beijing: China Meteorological Press, 191pp.

T—iE, AR, Mg, %5, 2018, IR AR IV E TR KIRHIE  9K3) 11 5 AR [I]. KSR, 42(3): 533-558. Ding Yihui, Si Dong, Liu Yanju, et
al., 2018. On the characteristics, driving forces and inter-decadal variability of the East Asian summer monsoon[J]. Chinese Journal of
Atmospheric Sciences(in Chinese), 42(3): 533-558. DOI: 10.3878/j.issn.1006-9895.1712.17261

T PN, XSS, 45, 2013a MR ZE KRR AR ABR AR S HRSR T[], KURK, 37(2): 253-280. Ding Yihui, Sun Ying, Liu
Yunyun, et al, 2013a. Interdecadal interannualvariabilities Asiansummer monsoon itsprojection futurechange ChineseJournal
AtmosphericSciences( in Chinese),37(2):253-280. DOI:10.3878/j.issn.1006-9895.2012.12302.

T—iC, RErE, AT, 45, 2013b. HE AR R FEZERE(LE)M]. dbatdtai K% HARt:, 508pp. Ding Y H, Zhu D Z,Shi S W, et al., 2013b.
Overview of Natural Disasters in China(Molume One)(in Chinese)[M]. Beijing: Peking University Press,508pp.

FRGOR, ZIEE, RYERR, 2005, FRIEAAFIAEEIRAL AL 5+ R A TIRT 72 20T S BOR [T, HaBRA 20k, 20(11): 5-15. FuC B, An Z S,
Guo W D., 2005. Evolution of life-supporting environment in our nation and the predictive study of aridification in northern china (I)): main
scientific issues and achievements[J]. Advances in Earth Science (in Chinese), 20(11): 5-15. DOI:10.11867/j.issn.1001-8166.2005.11.1157.

SHZE, F4kEF, 1988, w5 AR ZE KRR K 1 EL BT FE[J]. i R4, 4(1): 53-60. Guo Q Y, Wang J Q, 1988. A comparative study on
summer monsoon in China and India[J]. Journal of tropical Meteorogy(in Chinese), 4(1): 53-60.

HBALAE, T—I0, 2012, AL KARALATF 7t RE[D]. HhERAL 2=k B2, 31(5): 593-601. Hao L S, Ding Y H, 2012. Progress of precipitation research in
North China[J]. Progress in Geography(in Chinese), 31(5):593-601. DOI:10.11820/dlkxjz.2012.05.007.

LA, T, XA, 2016, REERNBHSEILEFERKFH KRR @RS, 35(5):1280 1289. Hao L S, Ding Y H, Min J Z, 2016.
Relationship between summer monsoon changes in East Asia and abnormal summer rainfall in North China[J]. Plateau Meteorology(in Chinese),
35(5): 1280-1289. DOI:10.7522/j.issn.1000-0534.2015.00085.

LA, FTARME, FEHAR, 55, 2021, MEA PR P RAAE S AT (0], HRBEAL 2R, 40(7): 1181-1194. Hao LS, HE LY, Cheng S J, et all,
2021. Climatic characteristics and monitoring analysis of rainy season in the Haihe River Basin[J]. Progress in Geography(in Chinese), 40(7):
1181-1194. DOI: 10.18306/dlkxjz.2021.07.009.

AL, K, 2018. AL E FERE KL T BT R [M]. bRt R AR AL, 201pp. Hao L S, Hou W, 2018. Study on Summer Precipitation
Change and Prediction Technology in North China(in Chinese). Beijing: China Meteorological Press, 201.

AL, SRS, BhiAAE, 2007, HRUANEN B 2 A K AR RIS B XA [D]. AR AT BE R, 3(5): 271-275. Hao L S, Min J Z, Yao X X,
2007. Comparison of summer monsoon rainfall changes between North China and India[J]. Adv Clim Change Res (in Chinese), 3(5): 271-275.

HRILAE, T I, 2023, #EJbLR ZRoK T8 5 i U BE K % 55 R D] AR %,42(2). Hao L S, Ding Y H, 2023. Relationship between
summer precipitation anomaly in North China and precipitation anomaly in the pre-flood season in South China[J]. Plateau Meteorology(in
Chinese), 42(2). DOI: 10.7522/j.issn.1000-0534.2022.00063.

gz, 0K, 58, 55, 2007, KT AR WREIFGH T AR BT FHAR[T]. KSR, 31(6): 1257-1265. He J H, Qi L, Wei J, et al., 2007.
Reinvestigations on the East Asian subtropical monsoon and tropical monsoon[J]. Chinese Journal of Atmospheric Sciences(in Chinese), 31(6):
1257-1265. DOI: 10.3878/j.issn.1006-9895.2007.06.20.

T4, BT, BUNSC, %5, 2008, G T AR IE A 2 A T I B R[], R 24, 66(5): 683-696. He J H, Zhao P, Zhu C W, et al., 2008.
Discussions on the East Asian subtropical monsoon[J]. Acta Meteorologica Sinica(in Chinese), 66(5): 683-696. DOI:10.11676/gxxb2008.063.
WSS, MR, Mka, %, 2011 R HGE 5 R ARG 2R RUX U IR K A Z 2 B K 22715 AR AR RRAE XoF EL o AT i S [9]. R B R 2t R R 2
41(8):1182-1191. Hu L, Li Y D, Yang S, et al., 2011. Seasonal variability in tropical and subtropical convective and stratiform precipitation of

the East Asian monsoon[J]. Sci China Earth Sci (in Chinese), 41(8):1182-1191. DOI: 10.1007/s11430-011-4225-y.

B3, 2019. EAP 1 EU 3BAH ST (e B X A< BT B Z=R8/K 52 BT 7T [D]. 2440 K2, Hu P, 2019. Joint effect of EAP and EU teleconnections on
the summer precipitation pattern in Northeast Aisa[D]. Lanzhou University. (in Chinese)

TEE, ZEEAE, 2018. B ZEAR W2 KR R 2= X b R4 T 5 3 me 07 B 2= R K B R R[], =R %, 37(6):1563-1577. Huan Y, Li Y Q,
2018. The synergy between the East Asian summer monsoon and the South Asian summer monsoon and its relations with anomalous rainfall in
Southern China[J]. Plateau Meteorology(in Chinese), 37(6): 1563-1577. DOI: 0.7522/j.issn.1000-0534.2018.00044.

POORRE, BRbre, AEE, 4% 2003 RTHEERSRKE SREAERG AR AT KR, 27(4): 770-787. Huang R H, Chen J
L, Zhou L T, et al., 2003. Studies on the relationship between the severe climatic disasters in China and the East Asia climate system[J]. Chinese
Journal of Atmospheric Sciences(in Chinese), 27(4):770-788. DOI:10.3878/j.issn.1006-9895.2003.04.22.

RORER, MG, B, 2016, 22 AL 5 B K 2 R SR B HL R R 20 M [0]. RURFF, 40(1): 201-214. Lin D W, Bueh C L, Xie Z
W, 2016. Relationship between summer rainfall over North China and India and its genesis analysis[J]. Chinese Journal of Atmospheric
Sciences(in Chinese), 40(1): 201-214. DOI:10.3878/j.issn.1006-9895.1503.14339.

15



428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469

PROKHS, RS, WER, 2018, HZrhEAACREK. BRSO R IR AR & R R[], KR, 42(6): 1175-1190. Lin D W,
Bueh C L, Xie Z W, 2018. A study on the coupling relationships among the Pacific sea surface temperature and summer rainfalls over North
China and India[J]. Chinese Journal of Atmospheric Sciences(in Chinese), 42(6): 1175-1190. DOI:10.3878/j.issn.1006-9895.1712.17183.

XHES, T—IC, 2011, EJbE K RFERBRARIL[]. RS S 544), 22(2): 129-137. Liu H W, Ding Y H, 2011. The interdecadal variability of
summer precipitation over North China[J]. Journal of Applied Meteorological Science,22(2):129-137.

XIS, 30, BEANL, &, 2022, LEJLyRRE KA AL IR T8 R [J]. KA RHE244R 45(5):700-712. Liu Haiwen, Yuan Shuai, Yang
Zhaohong, et al., 2022. New research progress on long-term variation of precipitation in flood season in North China[J]. Trans Atmos Sci(in
Chinese),45(5):700-712. DOI:10.13878/j.cnki.dqkxxb.20211017007

X222, T, 2008. 25 2= W5 o [H AL R K IR AR S 70 BT BUE B[], R4, 66(5): 789-799. Liu Y'Y, Ding Y H, 2008. Analysis
and numerical simulation of the teleconnection between Indian summer monsoon and precipitation in North China[J]. Acta Meteorologica
Sinica(in Chinese),66(5): 789-799. DOI:10.11676/gxxb2008.072.

fir&dh, 283, BRI, 45, 2021, 2021 AR FE7. 2078 5% Bl BOUAKVCRAE LI 2347 [3]. KR, 45(6): 1366-1383. Ran LK, Li SW,
Zhou Y S, et al., 2021. Observational analysis of the dynamic, thermal, and water vapor characteristics of the “7.20” extreme rainstorm event in
Henan Province, 2021[J]. Chinese Journal of Atmospheric Sciences (in Chinese), 45(6): 1366—1383. DOI:10.3878/j.issn.1006-9895.2109.21160.

Bracl, Z=2°F, 2016, HEALTHUYIFE 7K 7 B I Ta] JORE Fop JURE T ABS 200 f) etk 9], KUBH2#, 40(1): 215-226. Ruan C Q, Li J P, 2016. An
improvement in a time-scale decomposition statistical downscaling prediction model for summer rainfall over North China[J]. Chinese Journal of
Atmospheric Sciences(in Chinese), 40(1): 215-226. DOI:10.3878/j.issn.1006-9895.1503.14317.

SR, RIRAE, 2018, fEAbHEIX B K I SARKFIESS T [0]. SR WSS M, 39(1): 24-27. Sang L,Yu L F, 2018. Analysis of summer
precipitation characteristics in North China[J]. Journal of Meteorological Research and Application(in Chinese), 39(01):24-27.

e, R, 2022, WIHE Z=RAGT A L B4 Kb 2h AT B it Hogma[J]. Hh3E 244k, 77(5): 1120-1137. Tan Z H, Gong Y F, 2022.
Characteristics of the northern marginal zone of the Asian summer monsoon and the influence of planetary waves in middle-high latitudes on its
variation[J]. Acta Geographica Sinica (in Chinese), 77(5): 1120-1137. DOI: 10.11821/dIxb202205006.

WK, A, 1944, FEEFRZHHEN] AR ¥R, 18(1):82-92. Tu C W, Huang S S, 1944. The advance and retreat of the summer monsoon
in China[J]. Acta Meteorologica Sinica(in Chinese),18(1): 82-92.

TR, HRE, BT, 45 2021, ARIEANEG IR F A B X T R L X 2 K R[], SR 244R,79(4):541-557. Wang Y S, Xiao T G,
Dong X F, et al., 2021. Influence of East Asian monsoon and South Asian monsoon synergy on summer precipitation in Southwest China[J].
Acta Meteorologica Sinica(in Chinese), 79(4):541-557. DOI:10.11676/qxxb2021.043.

FERI, FXA, EIHE, 1999. 80 AR LKL X SR AR BRI FI]. @R ER, 18(4): 525-534. Wei Z G, Dong W J,Fan L J,
1999. Analysis and research on relationship between the climatic and run-off variation since 1980s in North China[J]. Plateau Meteorology(in
Chinese).18(4): 525-534.

Wi L, SBEh L, 2021, BRI AH SR B BE B 25 A 5 L B TR oK R R R MM [I]. K UREE2#4R, 44(5): 764-772. Yang J F, Guo P W, 2021.
Effect on the relationship between Indian summer monsoon and North China summer rainfall by Eurasian teleconnection[J]. Transactions of
Atmospheric Sciences(in Chinese), 44(5): 764-772. DOI:10.13878/j.cnki.dgkxxb.20190102001

TR, B, 2012, HETM- K PEEHRENFHEE KSIPRAEKD]. KL%, 70(5):1055-1063. Zhang Y, Zhao P, 2012. Seasonal
evolutions of the summer Asian-Pacific teleconnection and associated atmospheric circulation and rainfall[J]. Acta Meteorologica Sinica(in
Chinese), 70(5): 1055-1063. DOI:10.11676/gxxb2012.088.

B, BRZEW], HHR, 5%, 2008, BN APPSR AHRMZREKD]. B4R, 66(5):716-729. Zhao P, Chen J M, Xiao D, et al,,
2008. Summer Asian-Pacific oscillation and its relationship with atmospheric circulation and monsoon rainfall[J]. Acta Meteorologica Sinica(in
Chinese), 66(5): 716-729. DOI:10.11676/qxxb2008.066.

Anl b, 25 R, 1934, Edby TR R HATEE R[] AR, 1(2):98-109. Zhu K Z, Li L Q, 1934. The aridity of North China: its causes &
consequences[J]. Acta Geographica Sinica(in Chinese), 1(2): 98-109. DOI:10.11821/xb193402007.

16





