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ABSTRACT

Several studies have reported that Indonesian rainfall is poorly correlated with El Nifio-Southern Oscillation
(ENSO) events during the northern winter wet monsoon season. This work studies the relationship between the
Nifio-3 (5°S-5°N, 150°-90°W) sea surface temperature (SST) and the Maritime Continent monsoon rainfall
during 1979-2002. The study indicates that the correlations are mostly negative except in the vicinity of Sumatra
and Malay Peninsula (SMP, including the western sections of Java and Borneo), where the correlations range
from zero to weakly positive.

The monsoon rainfall during ENSO events is influenced by a pair of anomalous Walker cells and a low-level
closed circulation centered near the Philippines. East of SMP, the rainfall is negatively correlated with Nifio-3
SST. The anomalous low-level wind over the Indian Ocean west of SMP causes rainfall to also be correlated
negatively with Nifio-3 SST, but rainfall over SMP is sheltered from this effect because of the high mountains
along its western coast. The anomalous cross-equatorial flow associated with ENSO also affects the rainfall over
SMP and the areato its east differently. A variation of the cross-equatorial flow may also contribute to the SMP
rainfall anomaly.

The result suggests that the previously reported low correlations between Indonesian monsoon rainfall and
ENSO are due in part to the averaging of rainfall in two regions with opposite characteristics. The correlation
is positive for Indonesiawest of 112°E and negative to the east. There is also an interdecadal trend of increasingly
negative correlations from 1950-78 to 1979-97. The correlation changes from significantly positive (at 1%) to
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insignificant in western Indonesia and from insignificant to significantly negative in eastern Indonesia.

1. Introduction

During El Nifio years, droughts tend to develop over
the Maritime Continent (Ramage 1968), which consists
of Malaysia, Indonesia, and the surrounding land and
oceanic areas of the equatorial western Pacific between
10°S and 10°N (Fig. 1). These droughts can lead to
strong environmental impacts, such as the large forest
fires during the 1997/98 El Nifio. However, several in-
vestigators (McBride and Nicholls 1983; Ropelewski
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and Halpert 1987; Kiladis and Diaz 1989; Haylock and
McBride 2001; Hendon 2003) have found that the strong
negative correlation between Indonesian rainfall and
tropical eastern Pacific SST occurs in northern summer
and fall, which are the dry and transition seasons, re-
spectively. During the northern winter monsoon, which
isthe wet season, the correl ation tends to be aminimum.
The correlation is low even though in northern winter
the anomal ous Walker circulation associated with ENSO
events exhibitslarge-scal e upper-level convergenceover
the Maritime Continent during warm events and diver-
gence during cold events.

Because the identified influences of ENSO, including
the anomal ous Walker circulations and the SST anomaly
(SSTA) away from the tropical eastern Pacific, are of
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Fic. 2. Correlations of 1979-2002 CMAP rainfall with Nifio-3 SST. Areas above the 5% significance level are shaded.

To analyze the possibl e causes of the spatial variations
in Fig. 2, and particularly the appearance of alow pos-
itive correlation region in the vicinity of Sumatra and
the Malay Peninsula, we define the following area-av-
eraged rainfall indices to represent the rainfall vari-
ability in different regions (Fig. 3):

SMP:  Sumatra and Malay Peninsula areg;

SWO: southwest ocean area, which is the oceanic
area immediately adjacent to the southwest
coast of Sumatra; and

CMC: central Maritime Continent area.

A “SMP rainfall mode”’ may be delineated from the
correlation between SMP and the CMAP rainfall (Fig.
44), which shows that it is distinctly different from the
“ENSO rainfall mode” in Fig. 2. On the other hand,
the ““SWO rainfall mode,” as described by the corre-
lation between SWO and the CMAP rainfall (Fig. 4b),
is very similar to the ENSO mode, with a conspicuous
low correlation area in the Sumatra—Malay Peninsula
area and the equatorial region east of 130°E. These dif-
ferent characteristics are confirmed by the correlations
among the indices. The correlation between the SMP
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Fic. 3. Rainfall index regions.

index and the SWO and CMC indices are 0.41 and 0.34,
respectively, while the correlation between the SWO
and CMC indices is significantly higher at 0.68.

The SMP mode in Fig. 4a has an east—west-spreading
V shape with significant variances that extend into east-
ern Indian Ocean. As a result, the correlation between
the area-averaged SMP index and the individual point
rainfallsin the SWO region is higher (average 0.5) than
that between the area-averaged SWO index and the in-
dividual point rainfallsin the SMP region (average 0.3).
In fact, the correlations of SMP index with individual
points inside the SMP region are low except for the
northern Sumatra and the southern Malay Peninsula,
which is a result of the often low coherence among
rainfall at individual points within the region (Haylock
and McBride 2001).

b. Composites of 850-hPa wind and vorticity
according to Nifio-3 SST and rainfall anomalies

The low correlation between the SMP rainfall index
and Nifio-3 SST suggests that the circulation patterns
associated with the two indices may be quite different.
To examine this difference, the composites of the 850-
hPa wind from the NCEP-NCAR reanalysis are pro-
duced with respect to these two indices. Table 1 shows
the cases for the Nifio-3 warm and cold events and the
SMP wet and dry events. The cases selected are those
that have an anomaly of 0.75 or larger standard devi-
ation within the CMAP data period of 1979-2002. A
slightly positive correlation between the two indicesis
indicated by the two cold events in the dry SMP cat-
egory and one warm event in the wet SMP category.

The anomalous Walker circulation associated with
strong warm events (El Nifio) is usually unfavorable for
rainfall in the monsoon region. Therefore, the cold anom-
aly (cold minus warm) composite, rather than the warm
anomaly composite, for Nifio-3 SST is shown in Fig. 5
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to facilitate the comparison with the wet anomaly (wet
minus dry) composite. In Fig. 5a, the main aspect near
the equator is the convergence of 850-hPa zonal wind
around 150°E. This convergence is a manifestation of the
anomalously strong rising motion related to the Walker
cells over the Pacific and Indian Oceans that are typical
of La Niha events. It is characterized by a belt of east-
erlies to the east of 150°E that can be traced from the
eastern Pecific and a belt of westerlies to the west that
encompasses about two-thirds of the Indian Ocean. The
large-scale rising branch of the anomalous Walker cir-
culation appears to favor convection in the eastern part
of the Maritime Continent. In addition, an anomalous

TasLE 1. DJF warm (bold) and cold (bold italic) casesfor the Nifio-
3 SST index and wet and dry cases for the SMP rainfall index for
1979-2002. All cases have = 0.75 std dev within the indicated pe-
riods.

Nifio-3

Cold
1985, 1989, 1999, 2000

Warm
1983, 1987, 1992, 1998

SMP

Wet
1984, 1995, 1999, 2000

Dry
1979, 1980, 1982, 1997, 1998

120E

140E
Fi. 4. Correlations of 1979-2002 CMAP rainfall with the (2) SMP rainfall index and (b) SWO
rainfall index. Areas above the 5% significance level are shaded.

160E

cyclonic circulation is centered near the Philippines and
extends southwestward into the equatorial South China
Sea. These patterns are consistent with the negative cor-
relation between Nifio-3 SST and rainfall over most of
the Maritime Continent as shown in Fig. 2.

The SMP wet-minus-dry composite (Fig. 5b) has
some similarities at the eguator with the Nifio-3 cold-
anomaly composite in Fig. 5a. For example, the east-
erlies from the eastern Pecific and the westerlies from
the Indian Ocean suggest two anomalous Walker cells
with their ascent branches over the Maritime Continent.
Although cyclonic wind anomalies are also indicated
near southern Philippines and extend into the southern
South China Sea, the anomalous vorticity patterns have
considerable differences from the Nifio-3 cold-minus-
warm composite. The main vorticity anomaly in the
vicinity of the Maritime Continent in Fig. 5ais a north-
ward shift of the counterclockwise center from the Mol-
ucca area near the equator between 120° and 140°E
during the warm anomaly to the southern Philippines
during the cold anomaly. A secondary anomaly center
in the southern South China Sea results from an in situ
intensification of cyclonic vorticity. On the other hand,
the SMP wet-minus-dry circulationin Fig. 5b isweaker,
the vorticity anomaliesin the southern Philippines-Mol-
ucca area are insignificant, and the in situ intensification
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Fic. 5. (8) Composite of Nifio-3 SST cold-minus-warm 850-hPa wind (m s—*, heavy arrows
indicate differences with at least a 95% confidence level in either the zonal or the meridional
component) and vorticity (10-¢ s, only differences at 95% or higher confidence level are plotted)
during 1979-2002. (b) Asin (a) except for wet-minus-dry value in the SMP rainfall index. (c)

Long-term seasonal (DJF) mean 850-hPa wind.

of the cyclonic vorticity in the southern South China
Sea becomes the primary feature.

In the Indian Ocean, the Nifio-3 cold anomaly (Fig.
5a) has significant cyclonic vorticity anomalies in both
hemispheres straddling the equator with the strongest
anomalies in the South Indian Ocean. Thus, this pattern
corresponds to the strong equatorial westerly anomalies.
An anomalous cyclonic vorticity center west of Sumatra
is consistent with the negative correlation between the
SWO rainfall and Nifio-3 SST (Fig. 2). During the SMP

wet anomaly, the significant cyclonic vorticity in central
and eastern Indian Ocean occurs mostly north of the
equator. It extends eastward to northern Sumatra and,
together with the southern South China Sea cyclonic
center, forms a pattern that is consistent with the V-
shaped rainfall pattern in Fig. 4a.

The two composites have opposite anomaly signsin
the southern equatorial belt between the equator and
northern Australia. In the Nifio-3 cold anomaly com-
posite (Fig. 5a), the zonal wind direction is mostly west-
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FiG. 6. Topography (m) in the area of study.

erly between 125° and 140°E while it is mostly easterly
in the SMP wet anomaly composite (Fig. 5b). The mean
850-hPa wind field in this region during the northern
winter monsoon (Fig. 5c) has prevailing westerly winds
that are the result of the cross-equatorial flow from the
Northern Hemisphere (Sumi and Murakami 1981; John-
son and Houze 1987). Thus, for cold events the anom-
alous circulation enhances the northern winter mean
cross-equatorial flow, while for the SMP wet events it
opposes the cross-equatorial flow. In the latter case, it
is conceivable that the cross-equatorial monsoon wind
is opposed upstream (north) of the equator, which will
favor an anomalous 850-hPa convergence and more
rainfall in the SMP region.

The 1979-2002 CMAP data are also used for the
SWO wet anomaly composite of 850-hPa wind (not
shown), which resembles closely that of the Nifio-3 cold
anomaly composite (Fig. 5a). The wet anomaly over the
SWO areais apparently related to the anomal ous west-
erlies from the equatorial Indian Ocean that are asso-
ciated with the western anomalous Walker cell during
cold Nifio-3 events. Both the SWO and SMP wet anom-
aly composites contain an anomalous westerly wind
over the equatorial Indian Ocean. Inthe SMP composite,
the anomal ous wind weakens near the longitudes of Su-
matra—Malay Peninsula, which is consistent with the
westward shift of the maximum cyclonic zone north of
the equator over the South China Sea. In the SWO (and
the Nifio-3 cold event) composite, the anomalous wind
is much stronger. It remains strong over the SMP area
and does not attenuate until passing Borneo.

The high terrain along the west coast of the Sumatra
peninsula (Fig. 6) may explain the differencesin rainfall
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anomalies. When strong anomalous westerlies prevail
over both the SWO and SMP regions, the moist air from
the equatorial Indian Ocean produces excess rainfall on
the windward side (SWO), but the influence on the lee
side (SMP) is much reduced. The terrain has consid-
erable fine structure. It may generate significant me-
soscale features that are not resolvable by the large-
scale reanalysis data. However, the effects on the large-
scale circulations are significant enough to cause the
rainfall difference between the two sides of the mountain
ridge. Asaresult, SWO rainfall behaves as a component
of the broader-scale ENSO circulations, while circula-
tions associated with SMP rainfall variations are more
limited spatially, which leads to a local low rainfal
correlation zone with respect to ENSO.

Excess or deficit SMP rainfall can also lead to anom-
alous convergence or divergence in the region. It is not
obvious whether the differences in the cross-equatorial
flow and its associated large-scale divergence between
the Nifio-3 cold composite (Fig. 5a) and the SMP wet
composite (Fig. 5b) noted before result from the SMP
rainfall anomaly. Lau and Nath’'s (2000) general cir-
culation model simulations predict a reduction of rain-
fall inthe SMP areaduring LaNifaeventswhen regions
to the east and west both have excess rainfall. Since
their model’s coarse resol ution weakens the effect of the
steep terrain, it appears that the anomalous cross-equa-
torial flow in the SMP wet composite (Fig. 5b) is an
independent effect that makes the SMP rainfall less cor-
related with ENSO.

4, Discussion and conclusions

The above results demonstrate that rainfall over the
Sumatra—Malay Peninsula region during the wet season
(northern winter) has a weak positive correlation with
Nifio-3 SST. This is different from the ENSO-rainfall
correlation for the rest of the Maritime Continent, which
tends to be negative (except in the eastern equatorial
area that appears to be associated with the horseshoe
pattern of the ENSO effect in the western Pacific). Like-
wise, the CMAP rainfall data indicate that the oceanic
region southwest of the Sumatra—Malay Peninsula also
has anegative ENSO—rainfall correlation. Therefore, the
interannual variation of the winter monsoon rainfall in
the SMP region behaves differently from regions to the
east and to the west.

The weak correlation between northern winter SMP
rainfall and ENSO appears to be a result of the atmo-
spheric anomalous pattern associated with ENSO
events. This pattern includes apair of anomal ous Walker
cells that are roughly symmetric with respect to the
Maritime Continent, plus a synoptic-scale anomalous
circulation center near the Philippines, and thus influ-
ences both the South China Sea and the Philippine Sea.
Apparently, the influences of the eastern Walker cell
and the Philippine Sea circulation diminish to the west
so that the SMP region is less affected. On the other
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Fic. 7. Correlations of Indonesian station rainfall data with Nifio-3 SST for (a) 1950-78 and
(b) 1979-97. Positive (negative) correlations are indicated by red (blue) circles. The sizes of the
circles indicate the significant levels, small: below 95%; medium: between 95% and 99%; and
large: above 99%. The SMP region used in the analysis of CMAP rainfall is shaded.

hand, the influence of the western Walker cell over the
Indian Ocean with an anomalous low-level equatorial
zonal wind affects the oceanic region southwest of the
island of Sumatra, but over the SMP region this effect
is sheltered by the steep terrain along the west side of
Sumatra. Rainfall in the SMP area is also affected by
an anomal ous cross-equatorial flow that isdifferent from
the typical circulation patterns associated with ENSO.

Our results show that during 1979-2002, the CMAP
rainfall amounts over the central Maritime Continent,
which includes a large part of Indonesia, are signifi-
cantly correlated with Nifio-3 SST (Fig. 2). This result
contrasts with a number of previous investigations that
found the Indonesian wet season rainfall to be uncor-
related with ENSO events (e.g., McBride and Nicholls

1983; Ropelewski and Halpert 1987; Kiladis and Diaz
1989; Haylock and McBride 2001; Hendon 2003).

To investigate this difference, we cross-checked the
rainfall—Nifio-3 SST correlations using the same In-
donesian station data as Haylock and McBride (2001)
for 1950-78 and 1979-97 in Figs. 7a and 7b, respec-
tively. Data outside of Indonesia are not available in
these figures. In Fig. 7b, a mixture of positive (red) and
negative (blue) correlations is seen in the SMP region
(the shaded area), which indicates a weak correlation
between Nifio-3 SST and the area-averaged rainfall.
Outside of the SMP region, more negative (blue) cor-
relations are generally observed, which is consistent
with the correlations from the CMAP data (Fig. 2). An-
other interesting point can be observed by comparing
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TABLE 2. Correlation between Nifio-3 SST and area-averaged In-
donesian station rainfall for western Indonesia (west of 112°E), east-
ern Indonesia (east of 112°E), and al Indonesia. Values above the
1% significance are in bold. The significance of al other values is
below the 7.5% level.

Winter (DJF) 1950-78 1979-97 1950-97
Western Indonesia 0.49 0.26 0.22
Eastern Indonesia -0.25 —0.62 -0.44
All Indonesia 0.16 —-0.30 -0.17

the correlations in the two periods. Outside of the SMP
region, the number of stations with negative correlations
(blue) significantly exceedsthat of stationswith positive
correlations (red), especially during the later (1979-97)
period. Thus, the Indonesia rainfall outside of the SMP
region appears to become more correlated with Nifio-3
SST after the late 1970s.

The subregional and interdecadal changes in Fig. 7
are more noticeable if Indonesia is separated into two
subregions at 112°E. The correlations between Nifio-3
SST and area-averaged Indonesian station rainfall for
western, eastern, and all Indonesia are compared in Ta-
ble 2 for 1950-78, 197997, and the entire period. The
correlations are of opposite signs between western and
eastern Indonesia, and the overall trend for the corre-
lation is more negative in recent decades. From the ear-
lier (1950-78) to the later (1979-97) periods, the cor-
relation for western Indonesia weakens from signifi-
cantly positive to low positive, while for eastern In-
donesiait strengthens from low negative to significantly
negative. The negative correlation for eastern Indonesia
is also significant for the entire 48-yr period. By con-
trast, the correlation for all Indonesia remains insignif-
icant regardless of the choice of data periods.

These results suggest that the low correl ation between
all-Indonesian rainfall during the wet monsoon season
(boreal winter) and ENSO reported by previous studies
may be in part due to the averaging of rainfall across
the eastern and western regions that have opposite char-
acteristics. The results also suggest an interdecadal
change in which the correlation between Indonesian
monsoon rainfall and ENSO becomes more negative
beginning in the late 1970s. However, the wet season
correlations remain lower than those of the dry (boreal
summer) and transitional (boreal fall) seasons. This is
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especially so for January, which has consistently insig-
nificant correlations for all regions and decadal periods.
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