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A New Monsoon Index, Its Interannual Variability and
Relation with Monsoon Precipitation

L I Jian2Ping and Zeng Qing2Cun

I nstitute of Atmaospheric Physics, Chinese Academy of Sciences, Beijing jj 100029

Abstract ij ij The normalized seasonality of winds!Apresented firstly by Zeng is calculated again by use of new data2
sets. To consist with the traditional and known definitionsfrom many researchers, we take the region where:A3 ::A
- 2>0,ile, the difference in wind direction between winter and summer is lager than}EY 2 as monsoon region. The
geographical extent of the global monsoons form the method here covers al monsoon regions over the world known
0 far (however , the domain hereis dightly smaller than that from Zeng) , especially the tropica monsoons are just
included in the region between the postions of the Intertropical Convergence Zone or ITCZ in winter and summer.

Then, the interannual variations of areal average}A3 of some key monsoons as the broad scale monsoon index pro2
posed by Li and Zeng are analyzed by virtue of the dynamical normalized seasonality (DNS) of windsiAs =|A, - 2 (A,
is smilar to}Abut dependson year m) . The long2term decreasing trends with different extent can befound in the in2
tendgties of the South Asan summer monsoon (SASM) and East Asan summer monsoon (EASM) since the mid2
1970s, the South China Sea summer monsoon (SCSSM) since 1980s, and the West African summer monsoon
(WASM) since 1967, esecially the most remarkably weakening in the WASM. Both the West African summer
monsoon index (WA SMI) and the South Asan summer monsoon index (SASMI) are significant positively correlated

with the summer precipitation over the loca monsoon regions, respectively , and there is statistical structure in the
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correlation map between the East Asian summer monsoon index (EASMI) and summer rainfall in Chinaand East A2

sa, and there exist better statistical correlations over large regions in every Oceans between the South China Sea

summer monsoon index (SCSSM1) and summer global rainfall and sea level pressure anomaliesl

Key wordsij jjnormalized seasonality , monsoons, monsoon index, monsoon region, interannual variation

1iiONO

Y436 EC6 En- A-OD3%Was xi 12 I00qAu i3 |
OREEE OO ORICBDIL , OOEWERAQAD
xCEERACO» [~ Gl 2» [~ uAAT L8 O8AR,3G Va°
AERJE, E¢v¥ CAI Y36 O EyuE (e vAAD+1:U
EWOYAIX) iEIOA@® OBL aquBE “* Ela 36 by
A3j +éx% i3 WAABA (seasonality) ODIECTT2
O#400xT Va¥AART -~ 036 »- Al ABDPAO»6
Ozé, 101 aquE® 1" OQALILTSE (»0va3 C¢,
1B 1 »0f 1-» Aéxlh +3AR°IAS =IA, - 2 OEGE
O448 Vu¥A-ARID Oa3g A8/LB& pAO +8i£+,
TA.x OAR =lA- 201 IAY .01 0843 CAI NBag,
Y434 O EyuAA&/ B8 YVEDEAY Y6 OAMADIN (£

2 ii xBAl

+IAELOA 13 EATECN CEP/ NCA R OAE%A4U
OULOI6 xEAI™  (1948j« 2003 A8 OuYEEAAIAED
o0 OMEDLUG 3j XEAT (1968« 1996 A8 , -O+ad\f2
21552158 " O+40EI"O1 000 hPa pv40 hPal?
1724 i£ABMKEAIPGA": Xie2Arkin YoE®OI6 xEA[!!
(1979j«1997 A8 , -O+adH2 21552155 E«COAY:
PO AXEYala|lEGAE -EypaY4™  (1900j«1998 A8 , -O
+adfe 2155431755 A@O@: PA Reynolds °F +i
TATE<EAI (ERSST)!® (1948j«2001 A8 , -O+adE
12 2i5A23 E<OTET "6 A3 UEHNAYLERD Ey
(AIRI) ™ (1958« 1998 A8 ; 0@, OB AW ¥FEo
16 DA¢ OBAEAIED4 :opAOBG 160 O AEZLIAE®
xBAl (1958« 1999 A8 UEif

3 DA O Ey
O aquE" > Etla 30 pAc 3j +8xYe Vi¥WSAE
" O&dA :

A - A= Vo im (1)
' i~V i

OB o V- -O+3ECL ORI 7 OABER A3k E,
Ac, VECLOAI 7 OMERD E3i¢ E, AQUMEU (VaV
= (V1 +V7)12) , A¢A PATEy
A= [ks | Al Zd% o @
EXODs " +i EWWAERIACAD G £O W VLELAEEOR BEOAS
TER Eu AT EyuﬁVzlE/Bu, 1/4'CA)li15. (i, P,
iALiORS[ (| ALy | +4] AL | +] Al ) 00sQ
+] A2 1| c0$Q1 +| A2 080,17,
BP0 EQa (i, j) EVOWB qE, los = §aifHE 4,
aEQICHEBGE Y, 900 IHE O+ 0+ %10 ¢
10 140 ETpAO+aAE, p¥d» EGi TEiEOW AEAexys
YVi¥eWEARE L, [0S EC» +@uAE5uA, 062 OU (1) Ev
HAOXO¢-OA, OFYA6 10 1£¢ B - 1) vy O&/;
1 B+, Vi O O@aitALAE 0 /D)) EGéxvs
»‘%%L—’ﬂéAl?.AuﬁN'l',ﬁ O# Ey; 2) Aiv: O8/; O@a
pADe@ 1A, O+ 0 (A< 90i&+, |A<2; ptA=90;a
E+, IA=2; px90ia<iAiL80i&+, |A> 2 ¢ BAuiA=2
2 f-IAUAEDBG EGRA »tx¥ 10 pAATLOKEOSE i
2 vz EOU (1) EplOGELEY2 (a2 V+aED
1/4@/4(131 :As) , 1/4'Ei
g = Ba=Vain (3)
iVi-

OEC, IA >0 %l OV EEWBg io OBOOmAX2
+a0DX0% - A4a0+£2 ARl 30 LAE-EIERAJO
EE@ Y434 1016 pAOL.PEWD &, OQ TATx OFCEE 2
V.36 Cquif Odai1Cel »0va@zi, 10AGLIT O4A® >0
HAUZCA? Va3 CAELETECOLT aquE 2 o x+02
EQaAxqA, O»yEC 00(1) EwuiaA, OEC
T EA4AS 2 EGe 1024 "6 O & MOE O V436 Co
YodRR i£+£3A YAl 30 PAALE - xBAT Vo BYLAER, 2¢ O
%G (3) EVNA >0 uAugCei? %3 CaE+ @,
3PUAEC, OFE@E a1 x+O0FEARA O K+UAIE
[EE W36 CB» O %02 ¢ %0300 1o, 0
OdNrAxii2 ELOAA i£

& ARNBLAA DOV, FLB A - AN 4| ¢V, 3%4B®
OO A&vEa» Okl sauB 1 O& OO Ti Al



3&U
Nol3

Alvs fEME: O»0 DAY O B YEAS/ES ™ OO AT
L 1 Jian2Ping, et alA New Monsoon Index, its Interannual Variability and Relation with Monsoon -

353

Ai (xBAHOE A) F O R pAiclat@ipEyi+ (i°la
EAE} Ri¢°2 OIfE= o o °I71 OAK+ (i° CAEO,
Evid | uEA ¢I»- , £BD

~ (EF

R : (4)
MR RTe
- B
d , 5
ViFib st ©
| jotEeEl .F_F.z iORA , (6)
[

ABHFR, R) 12 Ay (i10°, AR ° CHE+E+
iF2ihiF1iiE0% EOAJA d** A tlee & :
o .O‘i:_'——FZ'I:’:‘:Z' (5)

EOFR (R + R) 1 2;i£0DA O®DALDTI
(ile VaD i aquFIAOBAIATX [1j«5, 12j«15]) iE

EE; R 12 IAv3EDIpAA:, R 12 +OA (»00»
TEA) pAE%l:, ODER»0 d° ¢ BL TAV.EW
OQIELLGEEE R 12+ AGAYY(paDIOAOUEDIYV,Ys
1B phhs, Ood O | ¢Eri E3A&LBES ™, uNBLYsYs
¢ Ex, EA@ZEGROG° %436 O Eyi+ (OREECI) £%B
1&YafEa8018 YalATx [13j«16] £

AOBEY2(3) , O&V aquE® o Aivs /EpE"" OA

B, = A Yealn (7)
iVin
A ViR 3@ 5> 0l A8LES T, TRA@ T 1-+éxY,
» 8RB By (»0va3g O By) , AN, EC1 OAESD
Y E Ac, VECLOAI 7 OXEWD Avai B ANAMEY:
Y, Vo EGRGAG (n) ASOA (m) pAOAEBBUGC E, £
+3AOA (7) EYsYi36 A8LBEE nAL@BYNBLGE

4 (i E«CO4L3G Tuie plEY-1eat

411 i E«CHOA2a i 25 Y436 Cauiudhi-02v,

41 @3 0¥ CEP/ NCA R OUOI6 xBATV44EA
850 hPa /2 E%UC 3) (1968j« 1996 A ° (3)
EVA® > 0 pARAE «C o OA2E i 28 Y43 CauAu@ii -O
2, £.C3£ C&p , ELOBA-papAls3g CAECNCAYMg
Co"® i¢l+ -C¥dg Co™® ™™ UETYE»O»0% »- 30
A", 2¢CALOLG Tz ®T02CHa ¢ B4OEIOE», 'O
Y41 ¢ EOECHOARA i 25 Y636 Tp i3 ° EU! 13 EE
O@i2 EyAa: EEgv¥g luiz (iva 1 OBRAC E«Co
00 i¢ +EEpY3g i (Y41 OPAAIECHD) °f OU
TA°® g 0P, Co (iv21 OPAAECH) (x¢: OFE
OBRAI2» -, Ol auE** EQOA1979{« 1991 AGUA

v41 i ECCuAR3G WA -0V £1V0B E«CAIE&ATECH00+3+1 EEEoY.% Ca¢,+ EEgYs3 CAI 1A°® g%:34 Coa, ©1 E€l AE<CO

EUR O+ Ui 1A 1-v%Eg-0°1 “g 1 TCZ pl» OA

Figl 1 i Geographical extent of the global surface monsoonsl Thered, green, and blue areasindicate the tropical , subtropical , and tem2

perateXrigid monsoons, respectivelyl The red and blue thick lines represent the ITCZ in summer and winter , respectively
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summer) 1 H denotes high pressure and L low pressurel The blue lines represent the boreal winter monsoon streams, the red ones the bo2

real summer streams, and the green ones the non2monsoon streams
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Figl 5jjSame asin Figl 4, but for the belt between 50 j270;&
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Table 1 jjCarrdation codficients between various SASM indices

SASMI  WYI MHI AIRlI SASMI1 SASMI2

SASMI 1100 01723 0158° 0168° 0188°% (1632
WYl 1100 01493 01493 01653 (1463
MHI 1100 0163% 01613 0108
AIRI 1100 01733 0108
SASMI1 1100 0126
SASMI2 1100

x¢: +i ORALIZEGUOULIS8 « 1998 AGEWE6i« 9 OALYLUEYIDARE
30,1 ol wODEGEMNA DU EYESASMI [CSASMILO] SAR
MI2 -O+8EC850 hPaAERICAO (5j« 22158 , 35i«9715&) , (215

<20l , 35{«70;&) °f (215j«20i, 70j«110j&E) A%ultexlsy
Yo WsAE, WYIMIEQ A0 (0jfi« 20i , 40j« 110;&) AE%UA850

hPa°l 200 hPa A&l 10 -¢ CBa, MHIMIEE0 (10j«30i8 , 70

i«110j&) AUE%WAS50 hPa 200 hPa Aokl %10 -.¢ CEB4, AI2
RIOBIEEOMNET 6 AW BEYALE EyiE

Note: Calculationsin Table 1 are based on the time series of season2
al means of June j2September during 1958 j21998. Coefficients be2
yond the 9919 % confidence level are denoted by j° 3 j= South Adan

summer monsoon index (SASMI) , western South Asan summer

monsoon index (SASMI1) and eastern South Asan summer mon2
soon index (SASMI2) , the dynamical normalized seasondity of

winds at 850 hPa averaged over the domains (5 j22215aN, 352

9715&) , (215 i220;& , 35i270;&) and (215 {220;& , 70 i®110;&E) ,

respectively. WY | the zonal wind shear between 850 hPa and

200 hPa averaged over the region ((0j§220jaN, 40 ®110jaE).

MHI1[42] | the meridional wind shear between 850 hPa and 200 hPa
averaged over the area (10 j230j& , 70 j2110j&). All Indian Rain2
fall Index or AIRII04] the seasonally averaged precipitation over

the Indian subcontinent from June to September.
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Figl 6 jjCorrelation maps between the seasonal (June j2September) rainfall (1979j«1997) and (a) AIRIIO4]  (b) SASMI, (c) SASMI1, and
(d) SASMI2ZL The shaded areas indicate sgnificant at the 95 % confidence level
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Figl 7 jiNormalized time seriesof theof (a) the SASMI, SASMI1 and SASMI2 (1948 {22003) . The thick solid linesindicate 92year

Gaussan2type filtered values
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Figl 8 jjCorrelation maps between the summer (JJA) East Asan monsoonindex (EASMI) and (a) precipitation over China (1958 {21999) ,
and (b) precipitation over the East Asa (1979 j21997) 1 The shaded areasindicate sgnificant at the 95 % confidence level

1¥49 jjl~1¥47, pd? TNGAY36 O Ey EASMI
Figl9jjSameasin Fgl 7, but for the EASMI
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1¥210 i 1<NGAY36 O Ey EASMI O8AY.BCOE+TTATEIAA 1D (1948{«2001 A8 (0@ %*i EYi 495 % ODARIACH0
Figl 10 jj Correlation map between the EASM I and global summer surface sea temperature (SST) (1948 {22001) 1 The shaded areasin2

dicate sgnificant at the 95 % confidence level

i¥411 jji=1%410, p«d@ AlPEIAY,36 (51«10 OA O EYySCSSMI 0 E«CAAYV¥E®] (1979j«1997 Ad
Figl1l jjSame asin Fidl 10, but for the South China Sea summer (May j2October) monsoon index (SCSSMI) and summer global precipi2

tation (1979 j21997)
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1¥212 jji-1%411, pd? of FERatEN! (1958i«1997 A8 (£ AlVAOERS OT JBAICLTAY.6 ORE EXEBCE0 ADB ;¢ ECAES 118 x2O&E
Fidl 12 jjSame asin Fidl 11, but for sea level pressure (1958 j21997) 1 The map shows that globa shifts of atmospheric mass take
place during strong SCSSM anomalies period

%13 jji-iva7, pd? AiP£iAY36 O Ey SCSSMI
Figl13jjSame asin Fidl 7, but for the SCSSMI

Y214 jji-1va7, pda 1+ -CiAY36 (51«9 OA OEyWASMI
Figl 14 jjSame asin Figl 7, but for the West African summer (May j2September) monsoon index (WASMI)
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Figl 15jSame asin Figl 11, but for the WASMI and summer (May jSeptember) Africa precipitation
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