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Summer Precipitation in North China
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Abstract In this paper, we recalculated boreal summer intraseasonal oscillation (BSISO) index by making empirical
orthogonal decomposition (EOF) using the outgoing longwave radiation(OLR) data and the 850 hPa zonal wind velocity u
(U850) data over 105-50N, 40E -160E from May to October in 1981-2010. The evolution characteristics of BSISO and
its influence on summer precipitation in North China were analyzed. The results are as follows: (1) There are two obvious
low frequency signals in the Indian Ocean-Northwest Pacific region in summer. The first is BSISO1, which is inclined from
northwest to southeast and propagates from the tropical Indian Ocean to northeast with an oscillation period of about 45 days.
The second is BSISO2, which is inclined from southwest to northeast and propagates from the Northwest Pacific to the
northwest with an oscillation period of about 20 days. (2) BSISO affects the summer precipitation process in North China
mainly by influencing atmospheric circulation and water vapor transport. At 500hPa, BSISO signal will cause the
North-South movement and intensity change of the subtropical high in the east of North China to affect the summer
precipitation in North China. At 850 hPa, BSISO signal will affect the water vapor transport to North China through the
associated cyclonic or anticyclonic anomalous circulation to influence the summer precipitation in North China. (3) Although
MJO signal exists throughout the year, its amplitude is the largest in winter half year, especially in winter, and the minimum

in summer. The amplitude of BSISO signal is the largest in summer half year, especially in summer. Therefore, MJO and
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BSISO can be taken into account in winter and summer respectively when using low frequency signals of tropical
atmosphere to predict precipitation process in extended-range.
Keywords Boreal summer intraseasonal oscillation(BS1SO), Evolution characteristics, North China,

Summer precipitation, Influence mechanism
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0T RS Ao TP T M 1) 2 SR UBHE TR 21 AR 1ISO (RN Intraseasonal Oscillation, i
FR1SO) K3 AR IR R 8] R AL R FAT 30-60 KA M) #vits KAUIRAHRY MIO (R Madden—Julian
oscillation, f&ij#k MJO) (Madden and Julian 1971, 1972) . 1SO/MJO & i X Z= i A1) L B &,
RBRFHOIFRE T KRBT ISO/MIO JHARRHIE K S HA AT 4T (Jones et al., 2004; Donald et al., 2006; Lin
and Brunet, 2009; Pai et al., 2011; Zhang et al., 2009; Jia et al., 2011; Alvarez et al., 2016; Matsueda and
Takaya, 2015; Chuetal., 2017; RUCEEFIERIL, 2020; #4kEH, 2021) . WFEEEH, 1SO/MIO A
ASCER T TR P S LR S e BT b [X ) RS 5% (Zhang, 2005; Donald et al., 2006; Pai et al.,
2011) , & W] LIS IO 2 i DL 51 B ENSO AR A0 v & J52 31 [X A KSR R 0 AE 521 (Jones
etal., 2004; Lin and Brunet, 2009; Jones etal., 2011; Alvarez etal., 2016; Hsuetal., 2017; Hao etal.,
2020; Arcodiaetal., 2020) .

WF9T R I, ISOEA 5.2 i ZE 35 48 AL 54 (Julian and Madden, 1981; Madden, 1986; Wang and Rui,
1990; Salby and Hendon, 1994; Zhang and Dong, 2004; Kikuchi etal., 2012), fEJLEERAZISOTH
FIUNKHAL X I AR 7 AL 37 (Madden and Julian, 1971, 1972, 1994) , ifi fEdb2FERE ZEISOT i
O MARTEIEFE $1]10-20 N, 71 5 2= KX A & AL AE4#1E (Lau and Chan, 1986; Wang and Rui, 1990;
Liand Wang, 1994). A 7T X7}, AR¥ECICFEIREFERERISOE THAMIO, JEILERE
ZEREZE X ISOfE 5 F NBSISO (ERIBoreal Summer Intraseasonal Oscillation, f##XBSISO). iXff
AT LB R K SRR 5 5 1SO % AMIOFIBSISOM M A , MIOTEALFEREZE (127 -IKE4H)
T FEH, BSISOTEE Z= (6-10 ) 3AEM, 7857 1LH W/ MESHA A et 3 3 4E H (Kikuchi
etal., 2012) . sLfr b, MIOE SHERTAZE T HRAFAEN, JURTEALFIRE =R IIHSS (Madden and
Julian, 1972, 1994; Wheeler and Hendon, 2004; Zhang, 2005) . FfbL, H4EBSISOBEfE &AL ak
HEBAT MRRBLAS (Wang and Xie, 1997; Lee etal., 2013) .

BSISOEHRHFHIELLMIOE & (02 , V1 2 24 X BSISO A= ML AN FF J& T 1 5T (Wang and Xie,
1997; Lawrence and Webster, 2001, 2002; Hu et al., 2020). JiangFILi (2005) KM 75 KA A FAHE
ARG R I, RAURE R &R BUE BSISO = 5 ¥ H Z AT K5 5 BSISORS UM ZE XAR K (Wang
and Xie, 1996; Kang etal., 1999) . JEEK/F1 1 (Annamalai and Slingo, 2001; Hoyos and Webster, 2007;
Ding and Wang, 2009) , -5 7 V. 2% XU P& 7K 7% R/ 18 25 D) 4H 5K (Cadet, 1986; Lau and Chan, 1986; Gadgil
and Asha, 1992: Lawrence and Webster, 2001, 2002) ; BSISO4b T A A 1 BAEL R BH 2 % KA K S
M FEFE A EERLI (Lau and Waliser, 2005; Lee et al., 20170b)

WL R I, BSISOfE 5 7E Bl EE B 2= XX 45k m) AR AL T [mi 4% 4% (Yasunari, 1979, 1980; Krishnamurti
and Subramanian, 1982; Lau and Chan, 1986; Annamalai and Slingo, 2001; Jiang et al., 2004; Wang et
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al., 2005; Annamalai and Sperber, 2005) , .4 30-60 K 4% i # (Wang et al., 2005; Lee et al., 2013) ;
FEPEAC AT X ) PG AL 5 4% 4% (Murakami, 1984; Lau and Chan, 1986; Chen and Chen, 1993;
Kemball-Cook and Wang, 2001; Hsu and Weng, 2001; Kajikawa and Yasunari, 2005; Yunetal., 2008,
2009, 2010; Chu et al., 2012; Lee etal., 2013) , HA10-30K#&% A (Kikuchi and Wang, 2010; Lee
etal., 2013) . BSISO W] DA ot 1] 88 R FRUBE BRI 7K 231 T X AR M0 28 XL X 6 7K 7™ A 1] S B2 ) ( Webster
etal., 1998; Mao and Wu, 2006; Yang etal., 2010; Moon etal., 2013; Chen etal., 2015; Hsu et al.,
2016; Lee et al., 20172,2017b) , Ty V.2 JXU DX T JEL SU1RT A e J9 0 TN FR) 3 2245 -5-J (Webster
etal., 1998; Ding and Wang, 2005; Wang and Ding, 2008; Lee et al., 2011; Wang et al., 2012; Lee etal.,
2013)

YT BSISORY L E M, JT i S I IBSISOAR AL LA K et 2k 1~ BSISO I SE AH I FHTII +3 A I HIF 72
EEHERL, DMEM OS2t (Lau and Chan, 1986; Waliser et al., 2004; Annamalai and
Sperber, 2005; Kikuchi et al., 2012) , KZREXHKITHIRZ LR HLIX K, S Z 5 edbE =71
P BRI EMAAIE A, T HARAS BEAR B F 38 16 2 3k 2 Z=BSISOL U AFIE . Lee5s (2013) K H105-40N.
40 FE-160FEE il N i H Z=5-10 H A /K I 4R 5FOLR (Bl Outgoing Longwave Radiation, fij#XOLR) %
KL F1850hPaZ 4 [a] X u (U850) [ H # RMEL L IEAZEOF (EPEmpirical Orthogonal decomposition
Function, f&#XEOF) 70, ZMEMIOKIE XJ7ik, KATPI ML FEOFL. EOF2EXA & L NIRE
HEZBSISO1, KHRHIEITEEOF3. EOFANKG E L BSISO2, HHBSISO1k HHI£130-60 %, AAH
Hi 71538 B PV ) ZR A6 7 AL R RAALE , BSISO24IR % A 1£910-30°% , FAT H PG AL AT ey P AL 77 o) 4% 4%
FFfk. BSISOFE AR AR £ n] DL IR WM 2= XX 21T A A2 AL 87y, 1 H EEMIO (RMMD #5%K

(Wheeler and Hendon, 2004 ) 5 47 21 1] 25 V. 5= 2= K SRR 7 1 AL ARRFAE , 5 B 82 FH ROR BT (Hsu
etal., 2016; Hsuetal., 2017; Renetal., 2018) .

A Z# et (2013) WE X Tk, fEGHY KRB, St 5%k, sty
BRI Z= 2R L A X BSISOTH A RFAE S He b B Z= K ISR, Dy 502 A Aok 3] e /K Tl 43 R R it 2>
ERTE
2 ERERHEE

ASCHTABERE: (D HEFKEBUR . M ERARAE B A 042 171980-20194 4: [F 17003%3% H
BE/KBERE, AEILURIE SN BE, JE R RAREIE Ay . Horp20184E 00 B 2218 H PR K2 Fr 41 2
1483 CEI1) P I . (20 IR Bk} . A F 5 15 [ S5 TR o0 M 5 [ [ 2K <A 9 Hho0 (RPN ational
Centers for Environmental Prediction/National Center for Atmospheric Research, &#NCEP/NCAR) Bk
AR BT BERE (Kalnay et al., 1996) , MSE [ B AR U4 BE INOAA (EJNational Oceanic
and  Atmospheric  Administration fil - BR NOAA > W & H MW U
https://www.esrl.noaa.gov/psd/data/gridded/index.html [2020-09-15] F#k. ¥RIK P73 #5255 ik
FHIBCA1980-20194E1-12 H 3% H %Rk, %2 4850hPa)Z 7K F- Xiku. vl EL g, 500hPa/Z i
h&%. (3) [ /KR 5 (EIOutgoing Longwave Radiation, fEi#ROLR) %k}, %RIKF/3#5%2.592.55



% A B OB b 19802019 4 1412 A & H B OB, A NOAA K B U7 M ik
https://www.esrl.noaa.gov/psd/data/gridded/index.html[2029-09-15] F#. (4) MIOFE¥ ¥kl . K FH IR
KA A% H FIRMMEZ N 2 48 EMIOTE S (EAll-Season Real-Time Multivariate MJO index) , i%#&
BRI A S 55 B 5 9 3k http:/iww.bom.gov.au/climate/mjo/ [2020-09-15] F %%

BSISO e L. 27 Lee 55 (2013) CHR, HEEIXHEALAFNT, X HikHeRH] 1981-2010
4 30 FEE 22 5-10 HEH 1 105-50N. 40-160E 35 il P [a1 #MK 4 5 OLR F1 850hPa J2 4 ] X
U850 XA il 3 — 450 IR 28 EOF 40 o /M A AT S it BURME TAL BE: 55 —25, 38N ri H{H OLR.
U850 BiRHE %1% M 1% H 30 F M FIE, ERFERMMTN RS 0, BEBINEBEERN
[B] 7 %1) -4 10-80 K Butterworth il i, EHUIRTRBEMZEN LA E RS =08, i
SV BB EEE 30 4F 105-50N. 40E-160F JGlH K FIMEMIY T2, 88 SR 1ERF
HEA AL . SRS AR UEIL I OLR. U850 #% m i I AE — MR ARG EOF 40, 3345 T4
[FJRFAIE ] 3% EOFs HUXT . (1B (8] 54 PCs. PR AT /MREAE I & EOFL. EOR2 B & SRR
%5 BSISO1, ¥ EOF3. EOF4 Bt&r i SUARG A BSISO2, i BiPUAMERAE [A] & EOF1. EOF2., EOF3,
EOF4 [ ] &%k 5 PC1. PC2. PC3. PC4. J4b, X TATfT—4, Bfa &% PC1l. PC2. PC3,
PC4 n] LLH 1981-2010 4F4)fift45 2 FRAE [ &% EOFL. EOF2. EOF3. EOF4 43l 3fe L2 )37 75 £,
T X 7 DY ANHEAE ] 3% EOFL1, EOF2. EOF3. EOF4 thn] fh == [u]3% 40 BTt 6] &%k PC1. PC2.
PC3. PC4 [RIHEMF#FE], KT EOF1. EOF2 nJBt& € A BSISOL, T1fii EOF3. EOF4 nJEEA & X
N BSISO2, Lee 5 (2013) SCHACAE VASIS MUY, ASCAFAFE SRR .

ASCEH BRI 74 Morlet /NEAr A PRI S (5] 15 S 55 772 (Torrence and Compo, 1998;
Wang etal., 2008; /32 AEHMfEEE, 2018).
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Fig.1 Spatial distribution of 148 meteorological stations in North China.
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U850 BRMEL L IESC EOF 7hfif. &l 2 /&I 4 MRHEIR 1) EOFL. EOF2. EOF3. EOF4 HJ7S ()7}
A, 5 MR A 1A AL 7 2 1) 9.5%. 6.0%- 5.0%. 4.3%, Zil 24.8%, KT Lee %k (2013) /hfiffd
B R Ty %2, R IX AT 3 2 RS T B A BB AP AR R . nT LA 21, R-1E ) &4 EOFL 5 EOF2
A A BARIRFAE, 2 (8] 73 AT 2 2 PEAb-AR P BURHR : FFAE IR &1 EOF3 5 EOF4 A % Al U RHIE,
{55 EOF1. EOF2 A 734kl e, VU -ARALRPIR . BFFEY] (Leeetal., 2013), EOF1. EOF2
P A ARLRIR G A, 435l 30-60 RARSIE STEA FALAH R IIE N EOF3. EOF4 Fi#
HA ARG A, 72 10-30 RAKAUE STEARMAHIERIER . S EIIRY 55 MIO 12
X% (Wheeler and Hendon, 2004), WK EOF1. EOF2 BEA ke XN BSISOL, # EOF3. EOF4

HR &R e XN BSISO2.
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FEOL, kAT R 5 At oL, B HERREIMIX CRFED . OLR #ifi: W.m?; U850, V850 Hifii: m/s.
Fig.2 Spatial structure of the EOF1. EOF2. EOF3. EOF4 of daily OLR and U850. The EOF modes were obtained during
5-10 month from 1981 to 2010. The OLR,U850,V850 anomaly was obtained by regressing OLR,U850,VV850 onto
PC1,PC2,PC3,PC4 respectively. The shaded area is the spatial distribution of OLR anomaly, and the arrow is the spatial
distribution of horizontal wind speed anomaly. The black box represents North China(the same as below). Unit of OLR:
W.m2; Unit of U850,v850: mis.
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PC2. PC3. PC4 [FI/NED) 25540, Wbl BifR IS 6], QA0S BLfr) 2 R . ATEAE S, PCL
FF1E 10-70 KA L, PC2 f£1E 10-60 K JEIAAEAL, Ifi PC3. PC4 EEAFTE 10-30 KA . A
TET i FIbbE, N PC1. PC2 1 30-60 KB AL, XF PC3. PC4 {F 10-30 KiEKALHE .

4 J& PC1 (PC3) AHXJ T+ PC2 (PC4) HHRTHEFAHK REL, B (4 (B2 g AT PC1 (PC2).
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T PCA (WA S AR S R4 K 4a ERTELE R, J8BEHT PCL (PC2) RIS FAH K REUFELE



2 45 R ;1 30-60 RIE )G, PCLHiHT PC2 £ 13 REAHE R¥m A, XKW PCL HIL
13 KJ5 PC2 A KA, M2 misss EOFL HEl 13 KJ5, EOF2 A ¥, WK 4b LrfLIEE], 3
JHT PC3 (PCA) BTG HAHR REUFIEL) 20 KIGFEIAZ L 1F 10-30 K /5, PC3 HHi PC4
2)5 R IEARSC REURK, IXF W PC3 I 5 KJa PC4 A R4, i MfiA EOF3 ¥l 5 K5,
EOF4 A thil. DAk, BSISO1 AA%) 45 d iR, HASKPA T AEA EOFL. EOF2 HiI
IR R JE AR ZE 2 13 K, RIZIPY 72—k BSISO2 HAZ) 20 d HIHR% A M, HAL S ImAS 23 ) 4
7 EOF3. EOF4 HIIBTHFT G AHZEL) 5 K, 24052 —hitl.
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Fig. 3 Morlet wavelet power spectrum distribution of time series PC1, PC2, PC3 and PCA4.
The shaded area passed the 0.05 confidence level.
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Fig.4 Lead-lag correlation coefficient of (a) PC1 relative to PC2 and (b) PC3 relative to PC4 from May to October,
1981-2010. The black line is the lead-lag autocorrelation coefficient of PC1 (PC3) itself before filtering, the green line is the
lead-lag autocorrelation coefficient of PC2 (PC4) itself before filtering, the blue line is the lead-lag correlation coefficient of

PC1 to PC2 and PC3 to PC4 before filtering, the red line is the lead-lag correlation coefficient of PC1 to PC2 (30-60d
filtered) and PC3 to PC4(10-30d filtered) after filtering.

LRt LA Enr R, RRAEF R EOFL, EOF2 FA 4% 8] 73 A AR LI, ARRIL A PEAL- 2R R 1] A BUARPIR
FA7 30-60 d 4ik3% A, s EIREVE R AR AR TR AR 4%, A LI IRD R AR 22 13 K24, XA



BSARE T 30-60 d (KSRGS . A1 EOF1. EOF2 BEAEolE N BSISO1, A4 45 d 1)
PR A, WA G 24 13 R, BRI ZEAW 2 —fiAH. Rk &Y EOF3. EOF4 A
AR AL, (A5 EOFL. EOF2 Zr it S, #MERIATIF-RILHKIMBRNR, HA 10-30 d #k
G, VAL Ty AR, BRI EARZE 5 RAL, XHAMEIAMRET 10-30 d
HRARSUE 5 . W EOF3. EOF4 BX5 ik E U BSISO2, HA %) 20 d KRG AW, MM
A JEAHZ24) 5 K, EIAEZEZIDUS> 2 —{rAH. BSISO1. BSISO2 XIS 5 Al LA T %A 31 35
Mg, JEH T AR 28 AR 2R 0 R K A T 45

3.3 BSISO HIrtEEEL

S KAURSIR Y MJIO ()58 7% (Wheeler £ Hendon, 2004), 454 Lee 5 (2013) 1
SCHR, KAL) EOFL. EOF2 Bxé & SUA BSISOL, 4 EOF3. EOF4 Bt&rE SN BSISO2. K5 2
BSISO1. BSISO2 N AHA A /R R K. NG HEE B2 A /0 AT AL T O, 4% 1981-2010 73 i3 3
(17 [B] 5 B A EOFL. EOF2. EOF3. EOF4 ([ 2) LA 5 Hrsxsd Biff) 5 AN AH (1 18] R %L, 13 5
BSISO1. BSISO2 fifi i [a] ) 2% [ AR 1 0 (& 6. &I 7).

6 /& BSISO1 ) 8 MM AH A [ 43 A1 . BSISOL Ffiikf 3= 2 &2 30-60 d fiKAf5 5. ATLAEH,
TEALAR 1, RAUE 5 1 S M BTE RGN LV 75°E M fAH 2, RSG5 iE— P AR5 m#82) 3)
EREE S, FEmag: AiAH 3, (RAME S AR R SRINHIS, ARy R, AAH 4, [KRAES
TR R FEREMT: AH 5, S S MR I A N R, JRnaR: S0AH 6, RIS S AR
R HENTGACA T, FFURIRES: AR 7, (KBS S0 ms: o 8, S5 SA0ke . a5 iH
RAEPEACACT V¥, I, FERGENREFRHI, UG 5 SOFaR I, Sz, 30-60 d IS5 5 H kil
ERREVE A, W ALy B 3G . IR, SIS T RAEPEALACTE, W AR LT AR R RHAE R
WS,

7 5 BSISO2 ) 8 M AHZS 18] 43 At . BSISO2 ik [ 32 B2 10-30 d fIRAifE 5. v LLE F,
FERIAR 1, AR 5 1 58 HEUE PE AL AV RIE 150 BHE; A0AH 2, (R4S 53— ML )5 i
Z)3F) 10N, 140 Mti, FFZ@imag: AiAd 3, 5SS A bR 3 B SRR S i, A4 4, fIRA0
R AbRE . iR, iR -ARABIREEE R, Y R R AR A4 5, AN
Gt — B M B E AR, SR RN, A 6, KAE TR eIy A2 a),
BENB R FE A F RS s AAH 7. 8, MRAE S 4k ARSI NS AR o o I 85 48 v £
HIX, (55 RS, FN IR PR, ARHIRAE S E R, Sz, 10-30d A5 5 H
PEACACPRE =2, WM Pa AL 77 % sl, BN GRS IR TS, 5 IR TS T R AE AR A A B X
) P AL 77 AR R AE AR R I B . X5 LIRS O A%, 2015) (AR (5 S AL TS 45t 2 —
O
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Fig.5 The phase change of BSISO1 and BSISO2. The numbers 1, 2, 3, 4, 5, 6, 7 and 8 represent 8 phases.
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