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INTRODUCTION

Our previous studies (Yasunari, 1987a, 'b) shows that ENSO
involves the global circulation changes through the evolution of
the entire ENSO cycle. 1In the tropics, the eastward propagation
of wind field anomalies from the Indian Ocean toward the eastern
Pacific is noticeable (Yasunari, 1985). The northern middle and
high latitudes, the distinct circulation anomalies are noted over
the north Pacific and Eurasia during the intermediate stage from
anti El1 Nino to El1 Nino (and vice versa). Particularly, the
circulation anomalies over Eurasia are followed by the 1low-
latitude anomalies over India/Indian Ocean, which in turn seem
to be coupled with the eastward propagation of circulation
anomalies along the equator. That is, the atmospheric processes
over Eurasia through the Indian Ocean seem to have a key role on
the mechanism of ENSO cycle.

The current study attempt to solve this problem.
Special attention. will be paid to the role of Indian summer
monsoon on the interactions between the northern higher latitudes
and the entire tropics with the interannual time scales.

DOMINANT MODE OF GLOBAL CIRCULATION

Fig. 1 shows the dominant mode of global circulation (70°N -
302 S) anomalies, deduced by applying the EOF analysis on the
seasonal mean streamfunction anomalies at 200 mb. This mode
occupies 38.3 7% of the total interannual variances. The spatial
pattern (Fig. 1(a)) correspond well to the anomalous circulation
associated with the typical El Nino/ anti El Nino overturnings
(Yasunari, 1987a). However, the time coefficients (Fig. 1(b))
suggest that the year to year Indian monsoon activity is also
strongly associated with the oscillation of this mode. That 1is,
the strong (weak) monsoon years correspond well to the ascending
- (descending) phase in the fluctuation of time coefficients, while
the extreme values correspond to the El Nino/anti E1 Nino phases.
In other words, it seems that ENSO is a manifestation of the
extremely amplified phase of this mode which is fundamentally
coupled with the Indian or Asian summer monsoon activity.



INDIAN MONSOON AND ENSO

Since Sir Gilbert Walker, many studies have already been
made on the statistical relationship between Indian monsoon and
ENSO. Some studies attemped to predict the Indian monsoon
rainfall amount by using some ENSO related parameters such as
SOI, SST and. wind field in the equatorial Pacific (Shuka and
Paolino, 1985; Nicholls, 1984 etc.). However, as has been
suggested from Fig. 1, the Indian monsoon seems to play an
important role on the formation of favourable condition for the
initiation and termination of ENSO event over the Pacific. Very
recently, we have presented some ample evidences that Indian
summer monsoon .activity has a great effect on the formation of
heat content anomalies of the tropical western Pacific in the
succeeding winter seasons (Yasunari, 1988). Fig. 2, for example,
shows the lag correlations between the Indian monsoon rainfall
and the SST anomalies in the equatorial western and eastern
Pacific. It is noteworthy that the extreme values of correlation
appear 1in the winter which follows the reference Indian summer
monsoon season both in the western and eastern Pacific.
Particularly in the western Pacific, the correlation 1is very
high. That is, the piling up of warm water during the northern
fall and winter, which has recently been noted as an important
preconditioning of ENSO event in the eastern Pacific (e.g., White
et al., 1987), 1is highly correlated with the strong Indian
monsoon in the preceeding summer.

TELECONNECTIONS ASSOCIATED WITH MONSOON AND ENSO

To dedeuce the seasonal-scale dominant teteconnection
patterns in the northern hemisphere, the wvarimax rotated
principal component analysis was applied to 3-month moving
averaged monthly mean 500 mb geopotential height anomalies of the
northern gridds of 30°N to 70°N for 40 years (1946-1985). Fig. 3
shows the spatial eigenvector patterns of the first 10 dominant
modes. These objectively deduced teleconnection patterns are
surprisingly well correspond to those subjectively deduced by
Wallace and Gutzler (1981). For example, the 1st mode
corresponds to North Atlantic Oscillation (NAO) pattern, the 2nd
mode to PNA pattern, the 4th mode to EU pattern, the 5th mode to
WP pattern and so on. However, several new patterns are also
found, some of which seem to have close associations with Indian
monsoon and ENSO as discussed later.

To examine which teleconnection patterns are associated or
not associated with Indian monsoon activity as well as with ENSO,
11 weak monsoon years are selected. Among these years, 6 ENSO
years (1951,1957,1965,1972,1976,1982) are also included. During
the 40 years, there were actually no strong monsoon years with
"ENSO event. Fig. 4 shows the composite time coefficients of some
significant modes for three years centered by the weak monsoon
year (Y(0)), (a) with ENSO event and (b) without ENSO event.

It should be noted that both SOI and monsoon rainfall
anomalies strongly suggest -the nature of biennial cycle
especially in the period of Y(-1) through the beginning of Y(+1)
in the case with ENSO. There is also a remarkable difference in



SOI tendency from the winter of Y(-1)/Y(0) to the summer of Y(0)
between the two cases. To examine the teleconnection patterns
associated with this remarkable feature, we note the difference
of dominant patterns during the winter of Y(-1)/Y(0). During this
season, positive coefficients of Eurasian (EU) pattern and
negative coefficients of PNA-II pattern are commonly apparent in
both cases. That is, . negative height anomalies over Scandinavia
through central Asia and positive anomalies to the east and west
are dominant over Eurasia, while the pattern of positive
anomalies over north Pacific and negative anomalies over
northeast part of north America seems to be dominant over mnorth
American sector. These patterns may be associated with the
following weak summer monsoons. Particularly in the case with
ENSO, the amplitudes of these two patterns are large.

A distinct difference between the two cases exists in the
phase of North Atlantic Oscillation (NAO) pattern, as shown in
the sign of time coefficients. In the case with ENSO the
coefficients show large negative values, which implies the phase
of NAO with the north/negative and the south/positive height
anomalies. In the case without ENSO just the opposite condition
appears over the north Atlantic sector. Some previous arguments
(e.g., Barnett, 1985) suggest the independency or orthogonality
in time variation between SO and NAO. However, this may not deny
the possibility of the phase locking of NAO with some particular
. phase of the ENSO cycle. The atmospheric circulation anomalies
composited for each phse of the ENSO cycle (Yasunari, 1987b) also
suggest the time-lagged association between the SO and the NAO.

CONCLUSIONS

These results suggest that there is fundamentally a quasi-
biennial oscillation in the Indian summer monsoon activity, which
seems to be coupled with some particular teleconnection patterns
in the 500 mb height anomalies over Eurasian continent and north

Pacific/north American sector. However, whether the ENSO event
occurs or no, seems to depend, as far as the northern hemisphere
is concerned, on another factor, i.e, the phase of the NAO.

During . the preceeding winter of ENSO year, the coupling of the
teleconnection patterns associated with the preceeding strong
Indian monsoon and the NAO may produce the anomalous circulation
pattern over Eurasia through the Indian Ocean, that is favorable
for triggering the ENSO event over the equatorial Pacific.
Further detailed analysis 1is being undertaken and will be
reported elsewhere.
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