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Abstract. Anomalous rainfall during the dry season over the tropical region is determined by sea surface
temperature (SST) anomalies driven by remote forcing. Anomalous precipitation during the dry season in
Java (the so-called "anomalously-wet dry season”) has increased the number of hydrometeorological
disasters, with notable events occurring in 2010, 2013, and 2016. Here we analyze anomalously-wet dry
seasons in Java from 2000 to 2019 using variables such as precipitation, wind, temperature, outgoing
longwave radiation, and SST obtained from the Tropical Rainfall Measuring Mission and ERA5 European
Centre for Medium-Range Weather Forecasts (ECMWF) reanalysis. This study focuses on anomalously-wet
dry seasons in Java during the absence periods of negative phase for the El Nino Southern Oscillation
(ENSO) and/or Indian Ocean Dipole (IOD) by identification the main caused. The results show that the
contribution of local seas is more significant (37%) in developing anomalously-wet dry seasons than La Nina
(33%), the IOD and La Nifia combined (17%), and the IOD alone (13%). Local Indonesian seas play a
significant role in causing extreme precipitation and spread over the Maritime Continent. We also find that

SSTs in the southern Java Sea are sensitive to a negative IOD, but not to La Nifa.
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1. Introduction

Due to the arrangement of ocean and land, the complex
topographic distribution, and having the longest coastline in
the world, the Maritime Continent (MC) experiences highly
concentrated precipitation (Qian, 2008; Ogino et al., 2016;
Yamanaka, 2016; Yamanaka et al., 2018). The MC also affects
global climate through multiscale interactions on diurnal to
interannual timescales (Yamanaka et al., 2018). These
multiscale interactions are the result of ocean-atmosphere
interactions that occur on subdaily timescales and influence
seasonal variations (Li et al., 2020). The warming (cooling) of
the sea surface temperature (SST) in the South Indian Ocean
is associated with increased (decreased) precipitation over
West Sumatra and West Java during the South Asian
monsoon (McBridge et al., 2003; Hamada et al., 2012; As-
Syakur et al., 2014; Li et al., 2020). Lestari et al. (2019) and
Kurniadi et al. (2021) also noted that both the Indian Ocean
Dipole (IOD) and El Nifio Southern Oscillation (ENSO) are
important in the development of extreme rainfall over
Indonesia, particularly over West Java. The ocean-
atmosphere interactions in this region are manifested by a
northerly flow that crosses the equator and cools the SST in
the South China Sea (Yulihastin et al., 2020).

Studies of ocean—atmosphere interactions in the MC can
help improve regional climate models (Thompson et al.,
2018; Li et al., 2020). Several ocean-atmosphere interaction
studies explored the remote effects of the Pacific and Indian
oceans on precipitation over the MC (Ham et al., 2017), as

they have been found to influence the seasonal variability
over the region (Hamada et al.,, 2012; As-Syakur et al., 2014;
Xu et al, 2019). A study on the local seas by Aldrian and
Susanto (2003) highlighted the role of SST warming in the
Moluccas Sea and its interaction with the Indonesian
Throughflow, which influences the formation of precipitation
in the Moluccas. In addition, Hendon (2003) reported that
local SST's have a strong in-phase correlation with the Indo-
Pacific SST during the dry season as a response to ENSO
events. They also showed that an anomalously-wet dry season
over Indonesia can occur independently of ENSO. However,
the contribution of local seas in influencing the anomalously-
wet dry season over southern Indonesia has not yet been
explored. Anomalously-wet dry seasons often cause extreme
precipitation and flooding in Java; for example, the large
floods that occurred due to heavy and persistent precipitation
during the dry seasons of 2010, 2013, and 2016 (Suprapto,
2017).

It has been reported that the anomalously-wet dry season
over Java appears to be related to the high SST variability
during the May-to-September (MJJAS) monsoon period in
the southern Java Sea (Qu et al. 1994). Warm SSTss play a role
in controlling the humidity and in triggering convective
activity during the dry season. The current study aims to
advance our understanding of ocean-atmosphere
interactions, specifically by assessing the contribution of the
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southern Java Sea in weakening the Australian monsoon and
controlling seasonal anomalies in Java.

We investigate anomalously-wet dry seasons in Java and
the main causes thereof, considering both remote and local
forcing. We consider the influence of the negative phases of
ENSO (i.e., La Nina) and the IOD, which represent the
remote forcing. We analyze various oceanic and atmospheric
parameters that show the regional characteristics of the MC
in the four categories of anomalously-wet dry seasons that
occur in Java (see Section 2); i.e., a negative IOD and a La
Nifia event (IO-La), a negative IOD and no La Nifia event
(I0-nLa), a neutral IOD and a La Niiia event (nIO-La), and a
neutral IOD and no La Nifa event (nIO-nLa). These regional
characteristics are needed to determine the role of local seas
in the MC in generating anomalously-wet dry seasons.

2. Methods

In this study, we define an anomalously-wet dry season as
one where the precipitation exceeds 50 mm in any 10-day
period during MJJAS. We used data during May-September
(MJJAS) from 2000 to 2019 to capture seasonal precipitation
signals over the MC. This period was chosen because
hydrometeorological disasters have occurred frequently in
this period over the last decade (Suprapto, 2017). We
consider the 10-day mean precipitation over Java Island from
April to October and define the onset of the dry season as
three consecutive 10-day periods of <50 mm precipitation
(Satyawardhana et al., 2018).

To study the impact of local forcing on the development
of anomalously-wet dry seasons, we composite monthly
mean data from May to September during neutral years in
which there were no IOD or ENSO events. The absence of a
negative phase of the IOD and ENSO means the data are free
from remote forcing and allow us to investigate the local
forcing signal. In this study, the IOD and ENSO indices are
obtained from the monthly index data of the National
Oceanic and Atmospheric Administration (NOAA) and we
use the three-month running average, given that 10D (Saji
and Yamagata, 2003) and ENSO (Trenberth, 2007) last for at
least three consecutive months.

We use daily precipitation data from the 3B42 dataset of
the Tropical Rainfall Measuring Mission (TRMM) satellite
with a spatial resolution of 0.25° (Huffman et al., 2007;
Huffman et al., 2012), which has been calibrated by the
TRMM Combined Instrument and TRMM Microwave
Imager precipitation products (Harris et al., 2007; Liu et al,,
2008; Yong et al., 2015). Monthly wind, surface temperature,
outgoing longwave radiation (OLR), and daily SST data were
obtained from the ERAS5 reanalysis data of the European
Center for Medium-Range Weather Forecasts (ECMWF)
with a spatial resolution of 0.25° (Hersbach et al., 2017).

Furtherly, the cross-correlation provides quantitative
support for the discussion regarding the cross-correlation
between rainfall and the indices for the IOD, La Nifa, and
Australian winter monsoon. The cross-correlation was
determined using the following equation:
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where n is sample size; x;, y; are the individual sample points
indexed with j and x, y, are precipitation and the indices of
ENSO, 10D, AUSM]I, respectively.

Climatological, composite, and anomalous values of
atmospheric and oceanic parameters over the MC (Figure 1)
are calculated as follows. (1) Climatological conditions are

.
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calculated using the equation , where * is the
monthly mean of a particular parameter (e.g., surface
temperature, SST, wind, moisture transport, OLR,
precipitation) in the i-th year and n is the number of years.
The dry season climatology is calculated in MJJAS from 2000
to 2019. (2) Composite calculations are performed based on
four situations: a negative phase of the IOD and a La Niia
event (IO-La), a negative phase of the IOD and no La Niia
event (I0-nLa), a neutral IOD and a La Nifia event (nIO-La),
and a neutral IOD and no La Nifia event (nIO-nLa) (Table 1).
(3) Anomaly values of the surface temperature, SST, OLR,
precipitation, and moisture transport are calculated as the
difference between the composite value and the
climatological value. Moisture transport from remote regions
is key to the initiation and maintenance of heat driving the
monsoon (Fasullo and Webster, 2003). Moisture transport
can be obtained from the vertical integral of the water vapor
flux as follows:
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, where Q is the water vapor transport (kg m™!
s71), g is the gravitational acceleration of the Earth (m s72), q
is the specific humidity (g kg™'), V is the zonal-meridional
wind vector, dp is the change in pressure (hPa), ps is the
surface pressure (1000 hPa), and ptis the pressure at 850 hPa.

3. Results and Discussion
Dry Season Variability in Java

Precipitation over Java shows an annual oscillation
pattern with a maximum during November-to-March
(Aldrian and Susanto, 2004). During the dry season, monthly
mean precipitation is <150 mm (Figure 1). However,
precipitation variability on interseasonal and interannual
time scales can produce positive monthly precipitation
anomalies during the dry season, as was the case in 2000,
2001, 2007, 2010, 2013, and 2016. These are referred to
hereinafter as anomalously-wet dry seasons. Variations in
monthly mean precipitation can be seen in the 10-day
precipitation time series shown in Figure 2. The onset of the
dry season is defined as when the precipitation is <50 mm
which is consistently followed by the next two of 10-days
(Satyawardhana et al., 2018).
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Figure 1. Java Island. The solid green rectangle shows the
area-averaged precipitation used for further analysis in
Figure 2, with a land mask for restricted data along the

coastline. The dashed green rectangle shows the MC
(5°S-15°N, 95°E-105°E) used for the spatial analysis in
Figures 5-12. Solid red rectangles represent the areas used
to calculate the Indian Ocean Dipole Mode (IODM), the
Australian Summer Monsoon Index (AUSMI), and the
Nifio 3.4 index for Figures 2 and 3.
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Figure 2. Time series of the 10-day precipitation from April to September for a) 2000, b)
2001, ¢) 2007, d) 2010, e) 2013, and f) 2016. The horizontal grey line represents the thresh-
old value (50 mm) used to determine the onset of the dry season.

The dry season in Java is strongly influenced by the
Australian winter monsoon, as represented by the Australian
monsoon index (AUSMI; Kajikawa et al., 2009; Chen and
Wang, 2017; Lisonbee et al., 2019). However, in this study,
anomalously-wet dry seasons in Java were not found to be
consistently influenced by the weakening of the Australian
monsoon, except in the monsoon onset periods (May and
September), as shown by the cross-correlation analysis in
Table 1.

Table 1. Cross-correlation between precipitation over Java
Island and the AUSMI, 10D index, and Nifo 3.4 index.

Monthly AUSMI 10D ENSO
Precipitation (Nifi03.4)
May 0.6078 -0.6154 0.3546
June 0.0545 -0.6668 0.0126
July -0.4982 -0.6409 -0.2891
August 0.3544 -0.5654 -0.7720
September 0.5961 -0.8370 -0.5372

We conducted a monthly time series analysis of the
AUSMI during the anomalously-wet dry seasons in 2000,
2001, 2007, 2010, 2013, and 2016. Figure 3 shows that
variations in the AUSMI are not always consistent with
variations in the 10-day precipitation (Figure 2). We note
that the monsoon is not the only factor determining the
seasonal variation of precipitation. Therefore, we also
performed a time series analysis to identify interannual
oscillations of precipitation caused by ENSO and the IOD
(Figure 3).

A cross-correlation analysis was also performed to test
the sensitivity of precipitation during anomalously-wet dry
seasons in Java to ENSO, AUSMI, and the IOD (Table 1). It
appears that the IOD strongly corresponds to anomalous
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precipitation from May to September, whereas ENSO is only
related to anomalous precipitation during the active period of
the Australian monsoon (August-September). On the other
hand, the AUSMI affected to anomalous precipitation only
during the dry season peak of July (Table 1). This result is
consistent with previous studies, showing a relatively strong
correlation (0.57) between anomalous precipitation over
western Java and a negative IOD (Hatmaja et al., 2019).

For case nIO-La during May-September 2000, we find
that both ENSO and the IOD had a greater effect on
precipitation variability than the Australian winter monsoon,
which is consistent with previous studies (Lestari et al., 2019).
In this case, the weakening of the La Nifia index from May to
August was also accompanied by reduced precipitation.
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Figure 3. Monthly mean values of the AUSMI (red line),
Indian Ocean dipole mode index (ODMI) (black line), and
Nino 3.4 index (purple line) during anomalously-wet dry
seasons for a) 2000; b) 2001; ¢) 2007; d) 2010; ) 2013; f)
2016.
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Conversely, the strengthening of the AUSMI in September
was followed by increased precipitation (Figure 3a).
However, in July-September 2007, the strengthening of the
AUSMI played a more significant role in reducing
precipitation than La Nifia (Figure 3c). In June-July 2010,
low precipitation (Figure 2d) also corresponded to a
strengthening of the AUSMI rather than La Nifa (Figure 3d).

On the other hand, during MJJAS the peak precipitation
in May and June 2001 in the IO-nLa case (Figure 2b) is not
associated with AUSMI variations: decreases in precipitation
occurred in August, even when the AUSMI did not vary.
Changes in the strength of the negative IOD (Figure 3b) did
not appear to influence the precipitation amount in July-
September 2001 (Figure 2b). A strengthening negative IOD
index did, however, correlate with increased precipitation
during June-July 2016 (Figure 3f). This is in agreement with
previous work demonstrating that a negative IOD plays a key
role in increasing rainfall over western Java Island during the
dry season (Hatmaja et al., 2019).

In the IO-La case (August-September 2010), the
strengthening La Nifa and negative IOD (Figure 3d) appear
to be associated with increased precipitation (Figure 2d) and
seem to play a more critical role than the AUSMI (Figure
3d). In August-September 2016, a negative IOD, following
the weakening of the AUSMI (Figure 3f), resulted in
increased precipitation (Figure 2f). Hence, from the cross-
correlation analysis in Table 2 we found that the ENSO tend
to independent from IOD but influenced by AUSMI only
during the peak of dry season of July. Conversely, the IOD
was strong influenced by the ENSO during May-to-July and
has a relationship with AUSMI in May, August, and
September (Table 3).For the nlO-nLa case, the increase in
precipitation from

May to June 2001 (Figure 2b) does not appear to be
associated with the AUSMI (Figure 3b). In contrast to May
2007, the maximum precipitation that occurred in June 2007
was associated with a significantly weakened AUSMI (Figure
2c and 2e). The maximum precipitation in May-July 2013
(Figure 2e) does not seem to be related to the variations in
the AUSMI from July to September 2013 (Figure 3e). In this
case of nIO-nLa, AUSMI has relationship with ENSO (July)
and IOD (May, August, September), respectively (Table 4).

Ocean-Atmosphere Anomalies during Anomalously-Wet
Dry Seasons

It should be noted that Figures 2 and 3 do not always
indicate a consistent influence of remote forcing on
anomalous precipitation over Java during the dry season.
Thus, we need to further investigate the characteristics of
anomalously-wet dry seasons in the MC caused by La Niila
and a negative IOD. The results are shown in Table 5 and

Table 2. Cross-correlation between ENSO (Nifio 3.4 index)
and the Australian winter monsoon and IOD indices.

ENSO (Nino3.4) AUSMI 10D
May 0,4626 -0,4542
June 0,1039 -0,3538
July 0.8114 -0,3993
August 0,1267 -0,0152
September 0,1406 0,0165
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Table 3. Cross-correlation between the IOD index and the
AUSMI and ENSO (Nifio 3.4 index).

10D AUSMI ENSO
(Nifi03.4)
May -0.91281 10,45423
June 0.07850 10,35382
July -0.33168 1039927
August -0.50101 001522
September -0.78283 0,01652

Table 4. Cross-correlation between the AUSMI and ENSO
(Nino 3.4 index) and IOD index.

AUSMI ENSO IOD
(Nino3.4)
May 0,4626 10,9128
June 0,1039 0,0785
July 0,8114 03317
August 0,1267 10,5010
September 0,1406 10,7828

indicate that 63% of anomalously-wet dry seasons are
affected by either ENSO or the IOD (13% for the IOD-La
case, 33% for the nIO-La case, and 17% for the IO-nLa case),
while 37% of anomalously-wet dry seasons are not related to
either ENSO or the IOD.

Following the classification of anomalously-wet dry
seasons into the cases 10-La, IO-nLa, nIO-La, and nIO-nLa
shown in Table 5, we calculated spatial composites of the
wind, moisture transport, two-meter air temperature, SST,
OLR, and precipitation The composite results were further
subtracted from the climatological data (Figure 4) in MJJAS
(2000-2019; Figures 5, 7, 9, 11) to determine the ocean-
atmosphere anomalies in the MC (Figures 6, 8, 10, 12).

It is interesting to note that under normal dry season
conditions (Figure 4), warm SSTs are found in several of

Table 5. Occurrences of different types of anomalously-wet
dry seasons in Java

I0OD-La nlO-La I0-nLa nlO-nLa
Aug-10 May-00 Jul-01 May-01
Sep-10 Jun-00 Aug-01 Jun-01
Aug-16 Jul-00 Sep-01 May-07
Sep-16 Aug-00 Jun-16 Jun-07
Sep-00 Jul-16 May-10
Jul-07 May-13
Aug-07 Jun-13
Sep-07 Jul-13
Jun-10 Aug-13
Jul-10 Sep-13
May-16
4 (13%) 10 (33%) 5(17%) 11 (37%)
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Indonesia's internal seas, such as the Java Sea, Makassar
Strait, and the Banda Sea. These warm SSTs are accompanied
by strong easterly monsoon winds over the southern part of
the MC. Consequently, some areas in the southern part of
the MC experienced low convective activity, as represented
by the high OLR. As a result there was little precipitation
there (Figure 4).

In the IO-La case, high atmospheric surface temperatures
are distributed evenly over the MC, with the highest
temperature increase occurring in northern Australia. This
shows that in the I0-La case, Australia experiences warm
winters (Figures 5,6-a). Increasing atmospheric surface
temperatures in conjunction with moderately warm SSTs
(0.2-0.6°C) also occur throughout the MC (Figures 5,6-b).
The temperature rise seems to affect the weakening of the
easterly monsoon winds, while winds are strengthened in the
Indian Ocean near Sumatra and Java, northern Australia,
and the Pacific Ocean near northern Papua. Winds
originating from the Indian Ocean head toward Java, while
winds from the Pacific Ocean enter the Java Sea through the
Moluccas and Halmahera seas (Figures 5,6-c).

The moisture transport that plays a role in triggering
convective activity over Java is more dominant over the
Indian Ocean than the Pacific Ocean (Figures 5,6-d and e).
The mesoscale convective system centered in the Indian

10°s
12°5
14°5

Wshb—pr—ri—

Ocean extends to Sumatra, Kalimantan, and Java, causing a
positive precipitation anomaly over Java during the dry
season (Figure 5,6-f). This shows that a negative IOD is more
influential than La Nifa in increasing precipitation over Java.
The influence of the Pacific Ocean, originating from the
expansion of the western Pacific warm pool, appears to be
concentrated locally over the Moluccas Sea. This is confirmed
by a positive OLR anomaly and decreasing precipitation in
Sulawesi, the Moluccas and Halmahera seas, and
surrounding areas (Figures 5,6-e and f).

The negative precipitation anomaly in the northeastern
MC, known as the Type I Sub-Region (Xu et al., 2019), is in
contrast to previous findings showing that precipitation over
the Moluccas and Halmahera seas and the surrounding areas
has a strong connection with the western Pacific warm pool
(Dayem et al. 2007) and is influenced by ENSO/El Nifo
Modoki, as inferred by increased precipitation when La Nifa
occurs (Ashok et al., 2007; As-Syakur et al., 2014; Chen et al,,
2014; Marathe et al., 2015; Lestari et al., 2016; Wang et al,,
2016; Xu and Guan 2017; Wang et al., 2018; Xu et al,, 2019).

The asymmetric effect of a negative IOD and La Nifa in
increasing precipitation in northwestern Java has been
documented by Hamada et al. (2012), who stated that a
negative IOD during the dry season changes the atmospheric
circulation and humidity, such that increasing SSTs in the

n prl 23 24 25 26 27 il 29 30 31

Celcius (°C)

100°E 105°E 110°E 115°F 120°E 125°E 130°E 135°E 140°E

1 1 T ]
95°E  100°E 105°E 110°E 115°E 120°E 125°E 130°E 135°E 140°E

21 22 23 24 28 29 30 E2

25 26 27
Celcius (°C)

<= = n&“m

- = 3 1ok 4 -
105°E  110°E 115°E 120°E 125°E 130°E 135°E 140°E

30 60 920 120 150 180 210 240

4°N

10°s
12°s5
14°s

T T e — 1 | A7
95°E  100°E 105°E 110°E 115°E 120°E 125°E 130°E 135°E 140°E 95°E  100°E 105°E 110°E 115°E 120°E 125°FE 130°E 135°E 140°F

173 183 193 203 213 223 233 243 253 263 273 283 293 0 54 108 162 216 270 324 a7e 432 486 540 594 648 702
W m~2 mm

Figure 4. Map showing the climatology during the dry season (May-September) from 2000 to 2019. a) Temperature at 2 m, b)
sea surface temperature, ¢) wind at 850 mb (shading indicates the zonal wind), d) vertically integrated moisture transport be-
tween 1000-850 mb, e) outgoing longwave radiation, and f) precipitation.
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Indian Ocean off Java and Sumatra can increase precipitation
in northwestern Java more effectively than La Nifa.

In the IO-nLa case, the increase in surface air
temperature and SST is concentrated in the southern seas of
Java (Figures 7,8-a and b). This results in the strengthening of
the wind and moisture transport from the Indian Ocean to
the south of Java (Figures 7,8-c and d) and triggers
convective activity in parts of Sumatra and Kalimantan, but
mostly in Java. This further leads to high precipitation in the
southern MC, particularly the Java region (Figures 7,8-f).

The increase in precipitation occurring in parts of
Sumatra and Java due to the warming SSTs in the Indian
Ocean south of Java and Sumatra is consistent with studies
by As-Syakur et al. (2014) and Hamada et al. (2012). Using
station observation data, these studies documented the
strong influence of a negative IOD on increased precipitation
in western Java during the dry season.

The nlO-La case shows different characteristics. The
effects of wind strength and moisture transport from the
Pacific Ocean (Figures 9,10-c and d) are spread throughout
the MC, such that an increase in convective activity and
precipitation is formed homogeneously, including in the
northeastern seas of the MC (Figure 9,10-e and f).

However, the characteristic increase in surface air
temperature and SST that occurs during La Nina (Figures
9,10-a and b) appears to be the same as in the IO-La case
(Figures 5,6-a and b). The even increase in precipitation over
the MC during La Nifia is consistent with the study by As-
Syakur et al. (2014). When La Nifia occurs, SSTs increase
throughout the MC, with the highest anomalies occurring in

the Moluccas Sea and surrounding areas (As-Syakur et al.,
2014).

In the nIO-nLa case, local SSTs play a more critical role
than atmospheric surface temperatures in controlling
convective activity and precipitation throughout the MC
(Figures 11,12-c). However, two local seas in the MC are
important for concentrating precipitation; namely, the
southern Java Sea and Arafura Sea. This is seen in spatial data
showing that the highest precipitation rates in Java occur in
the southern Java Sea, Sulawesi, Arafura Sea, and northern
Papua (Figures 11,12-f).

Under normal conditions in the MJJAS period, a cooling
signal in the form of a cold tongue centered in the Arafura
Sea is formed due to the influence of dry and cold air (Kida
and Richards, 2009). In addition, strong ocean-atmosphere
interactions on a local scale counteract the effects of El Nifio
by reducing SSTs, resulting in a clear difference between
precipitation north of the equator and areas far from the
equator (Kubota et al., 2011).

It is also important to note that the significant increase in
rainfall over Java Island during neutral years (nIO-nLa) seen
in Figures 11,12-f are inconsistent with previous results
(Hamada et al., 2012; Villafuerte et al., 2015; Lestari et al.,
2019; Supari et al., 2018; Kurniadi et al., 2021). This may be
because the composite data was influenced by the data from
May 2010 and May 2016, which were related to strong I0-La
and IO-nLA events, respectively. However, this should be
investigated in more detail; for example, in a high resolution
coupled atmosphere-ocean model to understand the air-sea
interactions on a local scale.
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Figure 10. Same as Figure 8, but for nIO-La events.
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Figure 12. Same as Figure 10, but for nIO-nLa events.

4. Conclusion

We have studied >20 years of anomalously-wet dry
seasons in Java, taking into account variables such as
precipitation, wind, temperature, OLR, and SST from TRMM
and ERA5 reanalysis data. We isolated the impacts of a
negative IOD and La Nifa by subtracting composite data
from the climatology and grouped the results based on four
situations: a negative IOD and a La Nifia event (IO-La), a
negative IOD and no La Nifa event (I0-nLa), a neutral IOD
and a La Nifna event (nIO-La), and a neutral IOD and no La
Nifia event (nIO-nLa). We found that the contribution of
local SST forcing to anomalously-wet dry seasons is
significant in 37% of the events studied, whereas La Nifia, IO-
La, and IO-nLa are significant in 33%, 17%, and 13% of the
events studied, respectively. The contribution of the southern
Java Sea in forming precipitation in Java during the dry
season also appears to be dominant under neutral conditions
(nIO-nLa). Specifically, the southern Java Sea plays a crucial
role in causing intense precipitation to spread throughout the
island. This is in contrast to the effect of La Nifia alone, which
has a more considerable influence on the formation of
precipitation in northern Java (see Figures 7,8-f). On the
other hand, a negative IOD influences precipitation
intensification in southern Java. Hamada et al. (2012) have
shown the significance of a negative IOD in increasing
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precipitation in northwestern Java. When a negative 10D
coincides with La Nifia (IO-La), the precipitation forming
over Java occurs due to extended convective activity
originating in the southern Indian Ocean. As the negative
IOD strengthens, it increases precipitation, causing
anomalous rainfall during the dry season in Java. This
research supports the findings of previous studies that found
high precipitation over Java in response to both local and
remote SST warming (Hamada et al,, 2012).

This study also found that SSTs in the southern Java Sea are
sensitive to a negative IOD, but not to La Nifa (see Figures 5-
8). This result is in contrast to previous studies showing that
extreme precipitation over West Java is strongly influenced
by both a negative IOD and La Nifia (Lestari et al., 2019).
However, we found that local SST anomalies play an
important role in increasing precipitation during the dry
season under neutral conditions, which is in agreement with
previous studies in other tropical regions (e.g., the Amazon),
showing that SST anomalies driven by remote forcing in the
Pacific and Atlantic Oceans affect zonal and meridional
circulations (Andreolli et al., 2011). Our results indicate that
a high-resolution model capable of simulating air-sea
interactions over the southern Java and Arafura seas are
needed to explain more detailed dynamical processes on a
local scale during anomalously-wet dry seasons.
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