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Abstract

Cross-equatorial northerly surge (CENS) is known to cause torrential rainfall over Java Island in the Maritime Conti-
nent. Some studies indicated that the rainfall increase is attributed to changes in the diurnal cycle of rainfall (DCR)

in northwestern Java. It is not well understood whether the DCR changes are present in the other parts of Java Island
and whether the changes are similar to those in northwestern Java. This study performs climatological analyses

to investigate the regional variation of the influence of the CENS on the DCR over Java Island using IMERG and ERA5
data sets of 20 years of boreal winter. We find that there are differences in intensity, timing, and coverage of DCR
responses over western, central, and eastern Java. CENS modifies the timing of coastal rainfall on the northern coast,
resulting in early morning rainfall enhancement owing to the convergence between the incoming northerlies

and land breeze. A small increase in early morning rainfall is observed in eastern Java, possibly due to the northerly
flow gaining more zonal components on the eastern coast, which then results in relatively weaker convergence

than the western coast. The timing of early morning rainfall appears to be slightly different between the three areas.
CENS is also found to suppress afternoon rainfall inland because of increasing static stability due to cold air advection
from the north. The suppression varies from western to eastern Java, with the largest suppression seen in western
Java. Relatively narrower and wider suppression areas are found in central and eastern Java, respectively. These differ-
ences are attributed to the topography characteristics of Java.
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Introduction

Cross-equatorial northerly surge (CENS) events are
known to enhance the rainfall over Java Island in the
Maritime Continent (MC; Wu et al. 2007; Hattori et al.
2011; Trilaksono et al. 2012; Mori et al. 2018; Yulihastin
et al. 2020; Hermawan et al. 2022). CENS is characterized
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by low-level strong northerly winds higher than 5 m s~
within 105°E-115°E and 5°S—-EQ that occurs intermit-
tently during boreal winter (Hattori et al. 2011). The
strong East Asian monsoon flow in boreal winter could
promote the CENS event through cold surge events or
directly strengthen the northerly flow below the equator.
Abdillah et al. (2021) showed that strong midlatitude cold
surges passing the South China Sea (SCS) and the Philip-
pines Sea significantly trigger the development of north-
erlies south of the equator.

The diurnal cycle of rainfall (DCR) is the pronounced
rainfall characteristic over the MC. The prominent
pattern of the DCR is the presence of a rainfall peak,
called the DCR phase. The diurnal convection pattern
in the MC basically is driven by diurnally developed
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circulation, generated by the thermal contrast between
land and sea, such as sea-land or mountain-valley
breeze interaction (Houze et al. 1981). This circula-
tion results in the particularity of the DCR pattern
over the land and the sea. For example, the land is pre-
dominated by the afternoon to evening phase, while
the offshore is predominated by the morning phase
(Mori et al. 2004; Qian 2008; Wu et al. 2009; Qian
et al. 2010). Or in another way, the thermal contrast
between land and sea could be a result of the DCR
itself (see Yamanaka et al. 2018).

Since the rainfall characteristic in the MC is pre-
dominated by a diurnal pattern, the influence of CENS
on the DCR becomes important. There have been sev-
eral studies concerning the influence of CENS on the
DCR. Yulihastin et al. (2020) suggested that the early
morning rainfall peak over northwestern Java in the
boreal winter is mainly caused by CENS. The early
morning increase also appears in the recent study
on the SCS cold surge by Krismon et al. (2022). This
change in DCR was linked to several extreme events,
such as heavy rainfall and flood events in the Jakarta
region (northwestern Java), where the timing of heavy
rainfall was observed in the early morning to morning
(Wu et al. 2007; Trilaksono et al. 2012; Saufina et al.
2021). Besides the early morning rainfall peak, a study
by Mori et al. (2018) using a 1-month radar observa-
tion also showed afternoon rainfall suppression in
Bogor (northwestern Java) during CENS.

The influence of CENS was also observed in Sema-
rang City (central Java) (Hermawan et al. 2022). How-
ever, the rainfall initiation location in central Java
during CENS is quite different from northwestern
Java. The nighttime rainfall initiation was observed in
the coastal land in Semarang city of central Java during
the CENS event and led the heavy rainfall in the early
morning. Meanwhile, the early morning rainfall over
northwestern Java during CENS comes from offshore
(Yulihastin et al. 2020, 2022). The difference in rainfall
initiation indicates that the DCR in each region might
respond differently to CENS.

Though some changes in the DCR during CENS
have been revealed in previous studies, there has been
no climatological investigation on the regionality of
the influence of the CENS on the DCR between west-
ern Java, central Java, and eastern Java. Furthermore,
the mechanism of how the DCR responds differently
in Java Island is not well understood. Hence, this study
aims to systematically investigate the regional varia-
tion of influence of CENS on the DCR over Java Island
in the recent 20 years and discuss possible mechanisms
that may play roles in the DCR changes.
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Data and methods

To study the DCR over Java Island, a high spatiotemporal
resolution of climate data is required to cover the diur-
nal time scale and the complex topography of Java Island.
Hence, this study used one of the Global Precipitation
Measurement (GPM) products, namely, the integrated
multi-satellite retrievals for GPM (IMERG) Final Run
version 06 (Huffman et al. 2019) with a relatively high
spatial and temporal resolution of 0.1° and half-hourly,
respectively. GPM is the successor to TRMM initiated
by the National Aeronautics and Space Administration
(NASA) and the Japan Aerospace Exploration Agency
(JAXA; Hou et al. 2014). In our preliminary analyses,
IMERG shows better homogeneity over the coastal area
than the Global Satellite Mapping of Precipitation rea-
nalysis (GSMaP) Version 7 (see Additional file 1). Recent
studies also show that IMERG could provide good obser-
vation and depict the DCR over the MC (Tan et al. 2019;
Andi et al. 2020; Ramadhan et al. 2022a, 2022b).

We also use the fifth-generation of European Centre
for Medium-Range Weather Forecast (ECMWF) atmos-
pheric reanalysis of the global climate (ERA5; Hersbach
et al. 2020) data set to obtain other supporting variables
for the analysis. It has 0.25° spatial resolution and hourly
temporal resolution. Our preliminary analysis of the
CENS impact on the daily rainfall shows that the ERA5
daily rainfall anomalies are similar to IMERG daily rain-
fall anomalies during CENS (see Additional file 1).

The climatological analysis is conducted from Decem-
ber—February  2000/2001 to December—February
2019/2020. To determine CENS day, firstly we define a
CENS index by averaging daily 10-m meridional wind
over 105°E-110°E, 5°S—EQ (see Fig. 1). The index is then
multiplied by —1, so that the northerlies are indicated
by positive values. CENS days are identified when the
anomalies of CENS index exceed one standard devia-
tion. Note that the current CENS definition is slightly
different from the definition in Hattori et al. (2011). Hat-
tori’s et al. (2011) utilize sea surface wind over a wider
area that extends eastward covering a large part of Bor-
neo (see Fig. 1 of Hattori et al. 2011), thus the method
is less convenient since it requires removal of grid points
overlapped with land to obtain sea surface wind. The
area for the new index is narrower and almost entirely
located over the sea. The new index also focuses on the
western part of Hattori’s et al. domain that is closer to
the SCS, where cold surge comes from. In addition, we
use a climatological mean-based threshold rather than a
fixed-value threshold to define CENS. This approach ena-
bles future inter-comparison analysis of climate models.
Through this procedure, 294 CENS days and 1,511 non-
CENS days are identified during the study period. Some
recent studies discussing CENS also develop their own
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Fig. 1 a-c FRAS5 daily mean of surface wind [vector,ms™'] overlayed with the meridional wind [shaded; ms™'] and d-f daily mean of rainfall [shaded;
mm day’]] of IMERG for a, d nonCENS, b, e CENS, ¢ surface wind difference between CENS and nonCENS (CENS-nonCENS) and f daily rainfall
of% x 100%[ The positive (negative) value in the blue (red) is the enhancement (reduction) percentage of daily rainfall during CENS

to nonCENS]. The hatched areas indicate the rainfall difference during CENS and nonCENS satisfies 95% confidence levels of the statistical
significance test. The black rectangle indicates the used CENS index area in this study
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index according to their interests. Such as Xavier et al.
(2020) and Yulihastin et al. (2022). We still could see that
with our method, CENS days are characterized by strong
northerly winds above 5 ms~! over the sea, coherent with
the definition by Hattori et al. (2011).

We divide Java Island into western Java (W7J), central
Java (CJ), and eastern Java (EJ) to study the regionality
of the influence of CENS. We also investigate the change
in the DCR phase by CENS. The DCR phase is obtained
by finding the peak of the rainfall from the composite of
CENS and nonCENS days.

Results and discussion
In boreal winter, the northeasterly mean wind blows
over the SCS and turns northwesterly after crossing the
equator, bringing rich moisture from the northwestern
equatorial Pacific into the southern MC. The northerly
components of the wind during nonCENS and CENS are
shown in Fig. 1. Northerly wind higher than 5 m s~ is
located far north of the equator during nonCENS, while
it extends to the south of the equator during CENS. The
difference shown in Fig. 1c denotes the strengthening of
northerly wind from the SCS to the south of Java Island.
Different surface wind condition results in different
daily rainfall patterns. During nonCENS, the heavy rain-
fall tends to be in the center of the Island, while notably
high daily rainfall areas are observed on the northern
coast and small areas on the southern coast of EJ dur-
ing CENS. The daily rainfall during CENS is enhanced
by more than 200% of the total daily rainfall during non-
CENS in northwestern Java. Moreover, Fig. 1f clearly
shows that CENS also suppresses the daily rainfall over
inland areas up to 30-60% of the total daily rainfall dur-
ing nonCENS, especially over W] and EJ. Overall, the
daily wind and rainfall changes during CENS presented
here are consistent with previous studies (e.g., Hattori
et al. 2011). However, previous studies put less emphasis
on the pattern of rainfall reduction inland.

DCR phase shifting

The early morning rainfall enhancement over the coastal
sea and the afternoon rainfall suppression inland caused
the change of the DCR phase on Java Island during
CENS. Figure 2a shows most of the coastal area of Java
Island is predominated by the afternoon—evening phase,
12-23 local time (LT), during nonCENS, except for the
coastal sea in northern W] which is predominated by
the midnight—early morning phase, 00-06 LT, similar
to the DCR phase over the adjacent sea that surrounds
Java Island. CENS shifts the DCR phase in the coastal
area from the afternoon-evening phase to the mid-
night—early morning phase, especially in W], where the
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midnight—early morning phase emerges further inland
up to the foothill of the mountainous region (Fig. 2b).

The time difference between the DCR phase during
CENS and nonCENS varies regionally (Fig. 2c). Over
most mountainous areas the time differences are quite
small compared with the coastal and offshore areas. In
the coastal land of north WJ and EJ, the time difference
is 6-12 h, where the rainfall peak during CENS is later
(blue-shaded) than during nonCENS. In the coastal sea
and offshore, the rainfall peak during CENS is earlier
(red-shaded) than during nonCENS.

The change in the diurnal pattern for some areas is vis-
ible in Fig. 2d. In the offshore (OS), the phase is shifted
from late morning peak (07-10 LT) to midnight—early
morning (00-06 LT). In the coastal sea (CS), the early
morning (01-04 LT) is shifted to midnight. OS and CS
phase remains in the land breeze regime. In the moun-
tainous area (MT), the phase remains in the sea breeze
regimes, around 16 LT in both nonCENS and CENS.
However, in the coastal land (CL), the phase is shifted
from late afternoon (16 LT) to early morning (01 LT),
where the dominant wind is sea breeze in the later after-
noon and land breeze in the early morning. In Fig. 2¢, the
dark blue color significantly indicates the switching of
rainfall peaks from late afternoon to early morning.

Early morning rainfall enhancement by CENS

on the northern Java coast

Figure 3 shows the hovmoller diagram of the meridional
variation of the DCR for WJ, CJ, and EJ during non-
CENS, CENS, and the difference between CENS and
nonCENS based on the subset area shown in Fig. 4. The
pronounced impact of CENS in the three regions is the
enhancement of early morning rainfall in the northern
coastal area. However, the intensity of the enhancement
is different between the three regions. The largest early
morning rainfall enhancement is observed in W] and
the lowest is in EJ. The intensity of early morning rainfall
enhancement seems to be proportional to the strength of
the northerly wind in each region.

The three regions also show differences in the rainfall
propagation and the timing of the peak of the early morn-
ing rainfall during CENS. The peak of the early morning
rainfall in northern W7 is earlier (before 03 LT) than in
northern CJ and EJ (after 03 LT). The timing of the early
morning peak in W] and CJ in this study is similar to the
several case studies of extreme rainfall in Jakarta (W7)
and Semarang (CJ; Trilaksono et al. 2012; Saufina et al.
2021; Hermawan et al. 2022). The heavy rainfall in the
nighttime is initiated earlier offshore for WJ with more
evident southward propagation, while it occurs in the
coastal land and later (late evening) for northern CJ and
EJ with weak northward propagation. As for north CJ,
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Fig. 2 Spatial pattern of the DCR phase [shaded; local time] during a nonCENS, b CENS, and ¢ the time difference between CENS

and nonCENS phases. The negative value [red-shaded] means the DCR phase during CENS is earlier, and the positive value [blue-shaded] means
the DCR phase during CENS is later. Panel d is the time series of the diurnal rainfall that represents the offshore area (OS), coastal sea area (CS),
coastal land area (CL), and mountainous area (MT) [solid black lines are for nonCENS; dashed pink lines are for CENS]

there are two peak times that appear in the coastal area.
The first peak is in the evening and the second peak time
is in the early morning. The double peak structure dur-
ing CENS over C]J also appears in a study case of heavy
rainfall on February 6, 2021, in Semarang by Hermawan
et al. (2022).

The differences in the nighttime rainfall propagation
direction and the timing of the early morning rainfall
are likely to be determined by the location of the rain-
fall initiation. Figure 5 shows three hourly evolutions of
rainfall and the overlayed vertically integrated moisture
flux convergence (VIMFC) with surface wind conver-
gence and the diurnal component of surface wind. Dur-
ing nonCENS and CENS, nighttime rainfall is observed
in the coastal sea in north WJ that comes from south-
eastern Sumatra Island with different characteristics.
The rainfall in southeastern Sumatra appears to start in
the late afternoon, 16 LT, during nonCENS and CENS.
However, the rainfall location is shifted southward under

the influence of CENS with a smaller rainfall coverage
area, since the afternoon rainfall in Sumatra Island is
also greatly reduced. The afternoon rainfall from south-
eastern Sumatra propagates eastward towards the Java
Sea during nonCENS, thus the rainfall remains offshore
with light rainfall observed on the northern coast at W7J
in the nighttime. Meanwhile, during CENS, the rainfall
is greatly intensified when it reaches the coastal sea in
the nighttime and propagates eastward and southward
simultaneously towards Java Island. Strong VIMFC in
the coastal sea of north W] allows the rainfall to intensify
significantly when it reaches the sea. The large coverage
area of the rainfall from southeastern Sumatra intrudes
the north W] further inland as it propagates southward,
which is also supported by the stronger surface wind
convergence near the coastal area, in the late evening to
the early morning (23-05 LT). This condition could allow
the convective system to become a bigger system, like
the mesoscale convective system (MCS), as observed in
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a study case of heavy rainfall event during CENS in 2013
over the Jakarta region (WJ) by Nuryanto et al. (2019).

In north CJ, rainfall in the coastal area already
occurs in the late afternoon (around 16 LT) and later
propagates to the sea (northward) in the nighttime
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Fig. 3 Hovméller diagram of the hourly rainfall [shaded; mm h~'] and the meridional component of surface wind during [solid contour
for southerly; dashed contour for northerly; m s™') for a, e, i nonCENS, b, f, j CENS, and ¢, g, k the difference between CENS and nonCENS for a—c W)
region, e-g CJ region, and i-k EJ region. The topography feature of WJ, CJ, and EJ are shown in panels (d, h, and I), respectively

during nonCENS and CENS. During nonCENS, the
rainfall in the coastal land has already vanished around
22 LT as it propagates further to the sea. However,
seaward propagation is hindered by the CENS. Dur-
ing CENS, the rainfall is still on the coastal land at
22 LT and stays in the coastal area until the morning.
The rainfall is enhanced, while it stays in the coastal
area, where the surface wind convergence is intensi-
fied throughout the land breeze regime. In addition,
it is possible that the rainfall system from southeast-
ern Sumatra propagates further eastward and merges
with the rainfall system in north CJ as identified in the
numerical study by Yulihastin et al. (2022). Though the
surface wind convergence is stronger in north CJ, the
nighttime rainfall is more intense in north WJ than
in north CJ due to stronger VIMFC and wider cover-
age of VIMEFC in north WJ than in north CJ. Since the
strength of VIMFC significantly affects the intensity
of the early morning rainfall, we could expect a simi-
lar mechanism and rainfall propagation direction in
EJ, where the wind is gaining more zonal components
resulting in weaker VIMFC.
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Afternoon rainfall suppression by CENS over the inland rainfall is initiated from the high terrain in WJ, CJ, and
area EJ during nonCENS. In W] and EJ, the afternoon rain-
Another pronounced impact of CENS could be seen fall is initiated from the south, while the afternoon rain-
in the afternoon rainfall inland (Fig. 3). The afternoon fall is initiated from the north in CJ. However, the rainfall
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initiation is shifted to the south during CENS in the three
regions. Moreover, the afternoon rainfall inland is sup-
pressed significantly in W] with a large coverage area, fol-
lowed by EJ, then CJ. In CJ and EJ, the suppression occurs
in the north, followed by rainfall enhancement in the
south. Although the northerly wind is stronger in CJ than
in EJ, the afternoon rainfall suppression in EJ is greater
and covers a wider area than in CJ.

As shown in Fig. 5, the rainfall pattern in the afternoon
seems to coincide with the surface wind convergence
which is more concentrated in the southern part dur-
ing CENS. The strong VIMEC in the afternoon slightly
shifted to the south during CENS compared to non-
CENS. Nevertheless, the value and the pattern of VIMFC
and surface wind convergence are not greatly reduced,
while the afternoon rainfall intensity is significantly
reduced and dispersed quickly.

Figure 6 shows the vertical cross-section of daytime
averages (10-16 LT) of the virtual potential temperature
(6y) and the actual meridional circulation for the three
regions during nonCENS, CENS, and the difference
between CENS and nonCENS. The three regions show
differences in the topographical feature. W] and EJ have
wider land widths compared with CJ. The high terrain or
mountainous region in W] predominates from the south-
ern part to the central. In CJ, the high terrain is closer to
the northern coast. In EJ, the high terrain tends to be in
the south.

The northerly wind and southerly wind in the daytime
converge inland in the three regions during nonCENS
(Fig. 6a, d, and g). The area of convergence is indicated
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by the perpendicular arrows shown over the high terrain
in W] and CJ and most inland areas in EJ. During CENS,
the strong northerly wind predominates inland in the
daytime, especially in WJ, and weakens the convergence
on the northern side. While in CJ, the southerly wind is
still observed in the southern part. The strong northerly
wind shifts the convergence area to the south in CJ and
EJ.

Figure 6¢c, f shows that the wind difference between
CENS minus nonCENS yields upward directions on the
windward side. This condition is the result of the interac-
tion between the strong northerly wind and the high ter-
rain. The strengthening of northerly wind during CENS
reinforces air parcels to climb up the high terrain in W]
and CJ and results in stronger upward motions. In EJ, the
northerly wind is weaker and the terrain is lower than W]
and CJ located in the southern part of EJ, thus the down-
ward motion is visible in the northern low plain area
(Fig. 6i) that might help to suppress the convective activ-
ity in that area.

Figure 6¢, f, and i shows that the lower 6, resides on the
northern side of the mountainous and slightly higher 6,
area on the southern side during CENS. Lower 6, during
CENS might reduce the buoyancy of the air parcel and
form a more stable layer. The latest study by Satiadi et al.
(2023) supports this argument showing that the convec-
tive available potential energy (CAPE) is reduced dur-
ing CENS. In W], the lower 6, intrudes further to the
southern part of the mountainous region, covering most
of the inland area. In EJ, the inland intrusion of lower 6,
is further to the south than CJ. The lower topography
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Fig. 6 Vertical cross section of daytime (10-16 LT) composite of virtual potential temperature (6,) from ERA5 [contour; K] and meridional circulation
[actual v-wind and w-wind (multiplied by 10); vector; m s™'] over a-c WJ, d—f CJ, and g-i EJ for a, d, g nonCENS, b, e, h CENS and ¢, f, i difference

between CENS and nonCENS (CENS - nonCENS)
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barrier or lower and less complex mountainous area in
EJ allows the lower 6, to intrude further to the south and
hence suppress the afternoon rainfall, though the north-
erly wind in EJ is weaker than in CJ. In conclusion, pos-
sible factors that influence the afternoon rainfall during
CENS are not only the moisture flux and wind conver-
gence. During CENS, the lower 6, assists the suppression
of the afternoon inland rainfall over Java Island.

Koseki et al. (2013) also showed a similar vertical pro-
file of 6, in their model experiment on a cold tongue event
that governs strong northerly wind over Java Island. They
suggested that the lower 0, in the afternoon is related to
the colder land surface temperature due to higher surface
latent heat inland caused by the strong northerly wind. In
other words, the strong northerly wind conduces land sur-
face cooling that generates the stable layer. However, sur-
face latent heat flux released by the strong wind is more
significant over the sea. As it is shown in our analysis of
surface latent heat flux (see Additional file 2) shows that
the daytime surface latent heat flux inland is lower during
CENS than nonCENS, and higher over the sea. Moreover,
the lower air temperature and higher relative humidity in
the daytime during CENS reside in the northern part of
Java Island, where the lower 0, exists and afternoon rain-
fall is suppressed which makes it difficult to release greater
latent heat flux. Thus, we suggest that the stable layer in
the afternoon which suppresses the afternoon rainfall over
the land is associated with the cold air which is advected
by CENS to the northern part of Java Island.

Conclusion

The daily rainfall over the inland and coastal areas shows
different responses to CENS events. The inland rainfall is
suppressed, and the northern coast rainfall is increased.
Both responses are attributed to specific changes in the
diurnal cycle. The former is related to the decrease in
afternoon rainfall and the latter is to the increase in
early morning rainfall. These overall features commonly
appear in WJ, CJ, and EJ. However, they show different
regional characteristics in the intensities, timing, and
area coverage of the DCR. The regional differences for

Table 1 Regional differences in response to CENS events
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each WJ, CJ, and EJ in response to CENS events are sum-
marized in Table 1.

The CENS modifies the timing of coastal rainfall in the
north, resulting in early morning rainfall enhancement
owing to the convergence between the incoming north-
erlies and land breeze. This pattern is observed over the
whole northern coast. The small increase in early morn-
ing rainfall is observed in EJ, possibly due to the north-
erly flow gaining more zonal components on the eastern
coast, which then results in relatively weaker convergence
than the western coast. The initiation location and timing
of early morning rainfall appear to be slightly different
between the three areas. In W7J, the early morning rain-
fall with the southward direction intrudes further into
the mountain foothills. In CJ and EJ, the early morning
rainfall with the northward direction stays in the coastal
area. The timing of early morning rainfall in W] is earlier
(before 03 LT) compared to CJ and EJ (after 03 LT).

The CENS is also found to suppress afternoon rainfall
inland because of the strengthening of horizontal wind
and increasing static stability due to cold air advection
from the north. The suppression varies from WJ to EJ,
with the largest suppression seen in WJ. Relatively nar-
rower and wider suppression areas are found in CJ and
EJ, respectively. These differences are attributed to the
topography characteristics of Java. Even though the
northerly wind is weaker in EJ, the location of the moun-
tainous area is far to the south, thus the lower 6, which
assists in suppressed afternoon rainfall could penetrate
further to the south in EJ than in CJ.

This study focuses on the general characteristics of
CENS and nonCENS days. However, the signatures
shown here may be sensitive to any possible interac-
tions with other phenomena, such as the Madden-Julian
Oscillation (MJO). We count that CENS/nonCENS days
are associated with different MJO phases (see Additional
file 3) and thus CENS occurring in different phases of
MJO may yield different impacts. This possible depend-
ency is important to be investigated in the future. A
recent study by Satiadi et al. (2023) gives some insights as
they revealed the difference in diurnal rainfall response
to CENS during different phases of MJO.

Afternoon rainfall suppression

Early Morning Rainfall Enhancement

Intensities Coverage Timing Intensities Coverage Timing
WJ Large reduction Most Inland area 13-20 LT Large enhancement Northern offshore Inland propagation
and up to 1°inland Before 03 LT
@} Small reduction Northern inland 12-16 LT Medium enhancement Northern coast Seaward propagation
After 03 LT
EJ Medium reduction Northern inland 14-20 LT Small enhancement Northern coast Seaward propagation

After 03 LT
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Abbreviations

CENS Cross equatorial northerly surge

DCR Diurnal cycle of rainfall

MC Maritime Continent

SCS South China Sea

WiJ Western Java

a Central Java

EJ Eastern Java

L Local time

MCS Mesoscale convective system

MJO Madden-Julian Oscillation

VIMFC Vertical integrated moisture flux convergence
(&) Offshore

CS Coastal sea

CL Coastal land

MT Mountainous area

CAPE Convective available potential energy
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