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Role of Monsoon on the Interannual Variability

of Climate System
Tetsuzo YASUNARI*

Abstract
Ample evidences have shown that the Asian/Australian monsoon is tightly coupled with the atmosphere/ocean system
in the equatorial Pacific in the seasonal and interannual variability, and is referred here as a coupled monsoon/atmosphere-

ocean system (MAOS).

This MAOS has a nature of the quasi-biennial oscillation (QBO) with a strong seasonal phase-lock of

time-phasing. A significant role of this MAOS on the interannual variability of the earth climate system is discussed, in-

cluding the role in evolution of the E! Nino/Southern Oscillation (ENSO).

A hypothesis is also proposed on the mechanism

of the QBO of the MAOS, which is based on the tropical/extra-tropical interaction through the Asian summer and winter

monsoon variability.
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Fig.l1 Diabatic heating rate of the atmosphere for July,
1979 (Johnson et al., 1987).



SBEVAFLOELTE BITLEY X — v DEE

32

FLTRESEATOERS. BKIZLSZKAMED
ERICEFEREICREZBHEETLTBY, TOKER
DBFEL LISiBEMOKXE LS s
Wi BEFTEEOSO-NEBNTF-5D
FRICLIDBHGRIZEATWS, LI ->TEY
A—VERIZ, BEOMBETV >CAEK SR
BRAZOKBEREEBICED. S60HE - Bk
NBEVHIEDT 4 —FNy VBB E-TWE I
Ll B,

2. EL R /BEKXRT - BERER
(MAOS) OiRNE

TOTEVA-VIHEIRERBBRAEEL T, ®
TIVTOoEA Y FEMECHTTOEILBERE &
bil. TVTEVZA-VEBTLER UKRERBATE
ETTHBTIHFHRVORBERD., TOKELE
5% EDTWS (Lauand Li%) (@2). T
HATERIZ, LI KBERICLEAENDT7 4 —F
Ny TEHC L DTV A= VIO FEED E RS,
BAFEFETOHOTRAT ED L. BEHMIIIE, Wik
EHORLHPFREBRRFEERIBLILDT T
(BOA—2+3)7) TvA—VvBIZZOERIT
Ehid s,
SHICEELZI LR ZORAEBROKATER
T EDLFREBRVORIORR (BHE) X, =7
< % (B L hREEZICERYT 2 BERRE

DOIE - BE) ICLE2HREEFFR2HENORBICFZ
BIF &Ly, P -ERERKFENOEBKERZE
(L, ZNLORFEGR L TEREXED, HAAD
SEDB Y S 6D, ZOHEE RREY 36l
BDEEVILIVEDDEDT 4 — FNy 23R %
FoTnhaIleThdb. —H. TVA—-OWRE
I > TR L D DEVEHARC TV S REA
Y FERCHBATETIE. SO HRIZLD
FRICEIVEKNEN, BEKRLEHL 2T,
HiiEESAE Sl ea s, Bl ErRA—- Ui
O FIEB B S W RERV O KKORETE
B EETAKFEEL, V FEOBERBLHE
ER+TAZEIZED, MLITRSAS L5 KEM
B (FH) BORAFENHRLIME S HIIHED, &
BLLT, PTVTE/A—/BrBEIIBITAER
L7cmEdig e LTHEVHLTWwA Z &l 5.
2 IREN LI LHFOFTLERLTEX
ZEBY AT LR TAT I 7EC A -V,
BAY e ke L IIE OGS IZEIR S - AR E W
I H@BRIZIITRA+TS5TH Y, FRICHRFERTE -
4 FEDOKRSK - iFEHEER»E S L/ BT
FELTEGLZAILIZENRILODTHBEATESLD
THhsb. UF, TOFTISTEVZA-VERTFOK
R BEESZRYVEODIAFLELT, RIZ
MAOS (Monsoon & Atmosphere/Ocean System )
L ZA+i+7: ( Yasunari and Seki¥ &k ®).

Fig.2 Schematic illustration of normal interaction between the Hadley(H) and Walker(W) circulations in the Pacific basin
in the northern hemisphere winter. The dashed lines just east of the dateline show where the Walker cell breaks
down, and where ascent occurs during an ENSO event (Lau and Li, 1984).
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Fig.3 Time series of Indian monsoon rainfall anomaly (thick solid line) and sea water temperature anomaly at 20m (thick
dashed line) and 100m (thin dashed line) depth averaged for 137E line (2-10N) in the succeeding January (Yasunari,

1990).
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Figd4d Lag-correlations between the Indian monsoon rain-
fall anomaly and the sea surface temperature
anomaly in the western and the eastern Pacific.
The reference monsoon season is shown with a
thick black bar (Yasunari, 1990).
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Fig.5 Interannual variations of all-India monsoon rainfall. The ENSO years are indicated with black bars (Shukla and
Paolino, 1983).
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the left column (Yasunari, 1991).
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Seasons of precipitation anomaly related to the extreme phases of SOI for the areas in the tropics and subtropics.
Dashed vertical lines indicate the approximate extent of the "monsoon year”.

Abbreviated area names are shown in
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Schematic diagram for the mechanism of the tropospheric QBO over the tropical Pacific/Indian sector (Meehl, 1993).
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Fig.8 Composite difference in seasonal march of interannual anomalies of Sea Surface Temperature between strong Indian
monsoon years and week Indian monsoon vears. Seasonal convection center detected by OLR is shown with hatched
area and positive SST anomaly is shown with dashed area (Meehl, 1987).
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Fig.9 Time series of snow cover extenl anomaly over
central Asia in April and the sea water tempera-
ture anomaly at 125m depth in the western tropic-
al Pacific in the following January for the period
of 1967 to 1988 (Yasunari and Seki, 1992).
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Fig.10 Schematic diagram of the interannual variation of the climate system through the interactions between the MAOS in
the tropics, and the westerly flow regime in the extratropics, by means of Rossby-wave propagation and land-surface
processes over the Eurasian continent in the seasonal cycle (Yasunari and Seki, 1992).
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Fig.ll Time series of Sea Surface Temperature in the
South China Sea (100E-120E, EQ-25N) in winter
and intensity of the Indian monsoon rainfall in the
following summer. P indicates stronger than nor-
mal monsoon, and N indicates weaker than normal
monsoon conditions, respectively (Tomita and
Yasunari, 1996).
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Fig.12 Composite sea level pressure anomaly for (a) preceding winter, (b) preceding spring, (c) the reference summer, (d) fol-
lowing autumn, (e) following winter, and (f) following spring for the strong Indian monsoon vears. Contour interval
is 0.2 hPa and negative values are shown with dashed lines (Tomita and Yasunari, 1996).

(39)



GEIATLADELTRIIBITAE Y A - 0ikHl

40

AD—EHELTEHLTWAIITTIERL, LA
EHEFI AR TRENZZEALB YT RT
LELTEONBIENTEL, ¥IZ, FEHISE
EiNEEATHRTRIEEED, HLHVIIELE
B s ERT ALV ) BEEIL, COEVYR -V E
VWIS T I RAFLDEPICEELTVEEVIRE
HEEETHHI L E I TRV OHIOBAEESD
HRL7. L7cho T, [REDEALBOBREBE TR
BH+ALET 7YVTEA-VILBITAERYA S
MOTUOER%R, KA - lBiE - BEEHELEA. 55
WIIET - FREMHEELERA LV IHETEARSZ
CIRFEFICEETHL. BHEAERNPLIZLE-TE
BTWBETIVTEFA—-VIRNLF— - KIBERSBA
7 it B (GEWEX Asian Monsoon Experiment;
GAME(ZHK")) iz, FXIIZNELRA—VDE

A 7 VOPERAROBHEDE LD THS.

ZOEEYBELT, JITEBLAL D) RFEHET
IBITAKRA - BEOHE/EROBR L EN L DA
LR BI EFFELIV.

&=

4

# X B

(1) LEBIES (1984): €2 2 - L5 —#
DEHOE]RT S LD —. E4E, 54, 487-494,
Johnson, D.R. et al. (1987): Global and regional dis-
tributions of atmospheric heat sources and sinks
during the GWE. in ‘Monsoon Meteorology’, C.P.
Chang & T.N. Krishnamurti eds., Oxford Unif.
Press, p.271-297.

Lau, K-M. and M.-T. Li (1984) : The monsoon of
East Asia and its global associations—A survey.
Bull. Amer. Meteor. Soc., 85, 114-125.

Yasunari, T. and Y. Seki (1992): Role of the Asian
monsoon on the interannual variability of the global
climate system. J. Meteor. Soc. Japan, 70, 177-188.
ERE= (1992): €Y 2—V /KR - #&F
(MAOS )0 it 2 £ RE). ABEBFE /-,
No.176, 51-62.

Yasunari, T. (1990): Impact of Indian monsoon on
the coupled atmosphere/ocean systems in the tro-
pical Pacific. Meteor. & Atmos. Phys., 44, 29-41.
Philander, S.G. (1989) : El Nino, La Nina and the
Southern Oscillation. Academic Press, p.35-42.
Shukla, J. and D. Paolino (1983) : The southern
oscillation and long-range forecasting of summer
monsoon rainfall over India. Mon. Wea. Rev., 111,
1830-1837.

(2)

(3)

(4)

(5)

(6)

(7)

(40)

(9) Ropelewski, C.F. and M.S. Halpert (1989) : Pre-
cipitation patterns associated with the high index
phase of the southern oscillation. ]J. Climatol., 2,
268-284.

Yasunari, T. (1991) : The monsoon year—A new
concept of the climatic year in the tropics. Bull.
Amer. Meteor. Soc., 72, 1131-1138.

Meehl, G.A. (1987): The annual cycle and interan-
nual variability in the tropical Indian and Pacific
Ocean regions. Mon. Wea. Rev., 115, 27-50.
Ropelewski, CF. and X. Wang (1992) : Observed
tropospheric biennial variability and its relation.
ship to southern oscillation. J. Climate, 5, 594-614.
Tomita, T. and T. Yasunari (1996) : Role of the
northeast winter monsoon on the biennial oscilla-
tion of the ENSO/monsoon system. ]J. Meteor. Soc.
Japan, (Submitted).

Meehl, G.A. (1993) : A coupled air-sea biennial
mechanism in the tropical Indian and Pacific re-
gions: role of the ocean. J. Climate, 6, 31-41.
Webster, PJ. and S. Yang (1992) : Monsoon and
ENSO: Selectively interactive systems. Q J. R.
Meteor. Soc., 118, 877-926.

Morinaga, Y. and T. Yasunari (1992) : Interaction
between the snow cover over Eurasian continent
and the northern hemisphere surface air tempera.
ture. Proc. Intl. Symp. on the Little Ice Age climate,
Tokyo Japan, Ed. Mikami, T., 300-305.

Walker, G.T. and E.W. Bliss (1932): World weath-
er V. Mem. Roy. Met. Soc., 4, 53-84.

THE= (1994): 7V 7EVA—- VI RNF— -
KIBEREFCEIBNETE . K&, 41, 459-464.

(10)

(11)

(12)

(13)

(14)

(15)

(16)

7)

18)

=
B

g

FET  A—RAMFIVTELRA— LV DEGELEESE
Ehid, R AFEORR BEESRLBERIIEHSL
TERI>TWAHIEXRANDE L DHRILIRENTS
h, EEGINDIYAF LT MACS L&fFIT/. D
MAOS i, # 2 #iEE) (QBO) DEAWEELEDL, F0
THRBEHZELEERIIBBELTEZ s TWA. 208
XT3, ENSO * B UMRAK I X7 LDELEEILE
172 MAOS OHBR L ZEMIZoWT, F-yBIFLETNV
L AMEEREITREND L L HIZ. MAOS D QBO D X
HAzXnl, TVTOR - XDEVA—-VEBEXBLL
FHRELCAFOHELEAFEELEH ER-LTWEC
& R A BB BENREIN.



