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ABSTRACT

A series of Acoustic Doppler Current Profiler (ADCP) measurements moored 
along the equatorial and coastal wave-guide were used to evaluate the dynamics of 
the South Java Coastal Current (SJCC). 17-month (December 2008 to May 2010) 
data from the ADCP off South Java give some insights into the dynamics of the 
SJCC. The data reveal high variability in the upper 100 m depth, where the core of 
the SJCC is located. In addition, robust intraseasonal variations at period of 70 - 100 
days dominate the SJCC variation. Consistent with previous studies, dynamics of 
the SJCC is strongly driven by the equatorial waves from the Indian Ocean. Due to 
a failure in ADCP measurement, the equatorial moorings only have a short overlap-
ping period with the South Java mooring, from the boreal fall 2009 until spring 2010. 
Nevertheless, the data still exhibit coherence variations in which the strong eastward 
flow during the boreal fall 2009 and the spring 2010 that observed off South Java can 
be traced back to the equatorial region. Further analysis confirmed the important role 
of the remote winds from the equatorial Indian Ocean in affecting the SJCC varia-
tions through a generation of eastward propagating wind-forced equatorial Kelvin 
waves. Nevertheless, the contribution of the local wind forcing is not negligible in 
generating the SJCC variations.
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1. INTRODUCTION

The South Java Costal Current (SJCC) is seasonally 
varying coastal currents observed along the south coast of 
Java (Wyrtki 1962). Strong eastward SJCC was observed 
during the peak of northwest monsoon season, and it weak-
ened during the southeast monsoon. Note that the SJCC re-
veals seasonal variation along the southern coast of Java. 
Along the western coast of Sumatra and along the southern 
coast of Timor, only its amplitude reveals seasonal varia-
tion. Throughout the year, the SJCC flows southeastward 
along the western coast of Sumatra, while along the south-
ern coast of Timor it flows westward (Quadfasel and Cress-
well 1992).

The SJCC is among the poorest observed eastern 
boundary current system. The first study, conducted by 
Klaus Wyrtki during 1959 - 1961 through a project so-called 
Marine Investigations of the South China Sea and the Gulf 

of Thailand, revealed a distinct seasonal variation of the 
SJCC (Wyrtki 1962). In December, when the northwesterly 
winds dominate atmospheric circulation over the region, 
the SJCC flows eastward and reach its peak in February. 
Wyrtki (1962) suggested that the eastward extension of the 
SJCC only reaches the eastern end of the Java Island. As the 
southeasterly winds started to develop in April in the eastern 
Indonesian region, the SJCC weakened and its axis shifted 
northward close to the coast of Java. The SJCC still shows 
a sporadic eastward current event when the southeasterly 
winds reached its peak in July to August.

The first direct measurement was conducted from 
March 1997 through March 1998 (Sprintall et al. 1999). 
This measurement used a series of current meters at 55, 
115, and 175 m depth. From this limited vertical resolution, 
it is found that the strongest currents were observed at the 
depth of 55 m. The authors show robust southeastward cur-
rent during spring and fall 1997 associated with the wind-
forced equatorial Kelvin waves. Interestingly, the observed 

Early Release

Terr. Atmos. Ocean. Sci., Vol. 30, No. 2, 1-11, April 2019



Utari et al.2

currents reveal that the fall southeastward currents were 
relatively weaker and longer lasting compared to the spring 
southeastward currents. It should be noted that the period 
of measurement encompassed the evolution of strong El 
Niño/positive Indian Ocean Dipole events. Therefore, the 
observed characteristic of the SJCC might not represent the 
normal condition.

Meanwhile, modeling study has shown that the SJCC 
is a relatively shallow current along the southern coast the 
Lesser Sunda Island. It is confined in the upper 150 m depth 
with maximum speed was found at a depth of about 50 m (Is-
kandar et al. 2006). It also shows spatial variation, in which 
the strongest current was observed off south Java. In addi-
tion, the SJCC is regulated by the Indonesian Throughflow 
(ITF) that exits from the Lombok Strait. Only a few part of 
the SJCC could penetrate further eastward through the Om-
bai Strait as previously reported (Sprintall et al. 2010).

Considering the important role of the SJCC in circu-
lating heat and water masses in the southeastern boundary 
of the Indian Ocean, the Research Moored Array for Af-
rican-Asian-Australian Monsoon Analysis and Prediction 
(RAMA) deployed an Acoustic Doppler Current Profiler 
(ADCP) in the south of Java Island. The deployment of an 
ADCP off south Java was designed to measure the magni-
tude and variability of the Java upwelling system. It is ex-
pected that understanding the Java upwelling system may 
improve our understanding on the coupled air-sea interac-
tion in that region, which is co-located with the eastern pole 
of the Indian Ocean Dipole (Saji et al. 1999).

Using a relatively higher vertical resolution of ob-
served currents from the near surface down to a depth of 

136 m in the south coast of Java, this study is designed to 
address the following questions. How are the spatial (verti-
cal) and temporal variations of the SJCC? Could the pro-
posed driving mechanism of the SJCC variability obtained 
from the modeling study be applied to this direct measure-
ment? The rest of this paper is organized as follow. Section 
2 provides comprehensive information about the data used 
in this study. In section 3, we evaluated the time variations 
of the observed SJCC. Discussion on the dynamical forcing 
of the SJCC is presented in section 4 and the final section is 
reserved for the conclusion.

2. DATA
2.1 The ADCP Data

An Acoustic Doppler Current Profiler (ADCP) was de-
ployed off South Java to capture the variability of the SJCC. 
This mooring is part of the Research Moored Array for Af-
rican-Asian-Australian Monsoon Analysis and Prediction 
(RAMA) (McPhaden et al. 2009). The mooring was mount-
ed at 106.75°E, 8.5°S as shown by a green star in Fig. 1.  
The mooring has 15 levels from 24 m down to 136 m with 
vertical resolution of 8 m. It provides data at daily resolution 
for a period from 15 December 2008 to 16 May 2010, which 
encompasses a short-lived 2009/10 El Niño event (Kim et 
al. 2011). Our evaluation on the surface wind variations dur-
ing the evolution of 2009/10 El Niño event did not show any 
significant change on the surface wind variations. Although 
the ADCP only recorded currents in the upper layer, it cap-
tures the core of SJCC and most of the vertical range of the 
SJCC. Previous studies have shown that the core of SJCC is 

Fig. 1. Schematic representation of identified currents (e.g., the South Java Coastal Current and the South Equatorial Current) and the Indonesian 
Throughflow in the Indonesia Sea. Locations of the ADCP moorings along the equator (80.5 and 90°E) and in the south of Java (106.75°E, 8.5°S) 
are indicated by green stars, and the tidal stations at 5 locations in the central equtaorial Indian Ocean and along the coast of Sumatra, Java and Bali 
are shown by red circles.
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at a depth of about 50 m and located close to the south coast 
of Java. The current is gradually decreasing with depth and 
it is much weaker below 100 m depth (Sprintall et al. 1999; 
Iskandar et al. 2006). In addition, earlier studies have also 
suggested that the SJCC has spatial and temporal variations. 
The strongest current was observed off south Java where the 
mooring is located. Meanwhile, the core of SJCC did not 
show significant depth variation (Quadfasel and Cresswell 
1992; Iskandar et al. 2006). Note that this mooring also has 
much higher resolution compared to the previous measure-
ment of the SJCC that has only 3 levels: 55, 115, and 175 m 
depths (Sprintall et al. 1999).

We also used two ADCP moorings mounted along the 
equatorial Indian Ocean at 80.5 and 90°E as shown by two 
green stars in Fig. 1. The ADCP at 80.5°E has 5-m and daily 
vertical and temporal resolution, respectively (Nagura and 
Mcphaden 2008). The data is available from 30 - 175 m 
depth. Meanwhile, the ADCP mooring at 90°E recorded the 
currents from 40 - 300 m depth with vertical resolution of 
10 m and temporal resolution of one day (Masumoto et al. 
2005; Iskandar et al. 2009). Unfortunately, due to instrument 
failure the ADCP data along the equator have only limited 
overlapping data with those off South Java. The ADCP data 
from mooring mounted at 80.5°E have overlapping period 
with those mounted off South Java from 2 September 2009 
to 16 May 2010. On the other hand, the mooring at 90°E 
have shorter overlapping period, which are from 9 Novem-
ber 2009 to 16 May 2010. Note that for all ADCP data, we 
filled the short gaps (less than 10 days) by using temporal 
linear interpolation.

2.2 Altimeter Data

The sea surface height (SSH) data used in this study are 
merged data from available altimeter missions, namely Ja-
son-1 and 2, TOPEX/Poseidon, Envisat, GFO, ERS-1 and 2, 
and Geosat. The data are derived from the Archiving, Vali-
dation and Interpretation of Satellite Oceanographic Data 
(AVISO) (http://www.aviso.oceanobs.com). The SSH data 
have temporal resolution of 7-day and spatial resolution of 
0.25° × 0.25° (Ducet et al. 2000). In this study, we used data 
from January 2009 to May 2010. In order to avoid the errors 
due to uncertainties in the geoid, we have removed the long-
term means of the SSH.

2.3 Surface Wind Data

In order to evaluate dynamical forcing of the SJCC, 
we used daily surface winds from the National Centers for 
Environmental Prediction-National Center for Atmospheric 
Research (NCEP-NCAR) reanalysis (Kalnay et al. 1996). In 
this study, the surface wind data for the period of 1 January 
2009 to 16 May 2010 with horizontal resolution of 2.5° × 
2.5° were utilized.

2.4 Near-Surface Current

The surface current data were provided by the Ocean 
Surface Current Analysis-Realtime (OSCAR) on 1° × 1° spa-
tial resolution (Bonjean and Lagerloef 2002). These current 
data were calculated based on geostrophic and thermal wind 
adjustment using a simplified dynamical upper ocean model, 
assuming quasi-steady dynamics. In this study, we used a 
5-day gridded data from 1 January 2009 to 16 May 2010.

2.5 Tide Gauge Data

Daily tide gauge data observed at 5 tidal station located 
in the equatorial Indian Ocean and along the coast of Suma-
tra, Java and Bali Islands are used in this study (Fig. 1). The 
data are obtained from the University of Hawaii Sea Level 
Center and detailed locations of the tidal stations are pre-
sented in Table 1. In this study, we used the data for a period 
of 1 January 2009 to 31 May 2010. Note that the sea level 
anomaly was defined as a deviation from each daily clima-
tological field of 1 January 2008 to 31 December 2010. In 
order to minimize the noise, we have applied 5-day running 
mean to the daily climatology data.

3. RESULTS
3.1 Characteristics of the Observed South Java Coastal 

Current

Figure 2 displays the zonal and meridional currents and 
alongshore winds at the mooring location off South Java. It 
is clear from Figs. 2a - b that both surface and subsurface 
zonal currents reveal robust intraseasonal variation. Strong 
eastward surface and subsurface currents were observed in 
February 2009, mid-April to mid-June 2009, mid-September 
to mid-October 2009, November 2009, January 2010, and 
April to May 2010 (Figs. 2a - b). On the other hand, strong 
westward currents were observed in January 2009, July to 
August 2009, mid-October to mid-November 2009, and 
February to mid-March 2010 (Figs. 2a - b). The zonal cur-
rent variability was closely related to the alongshore winds. 
The observed eastward currents co-occurred with eastward 
alongshore winds, indicating the important role of the local 
wind forcing (Fig. 2a). However, the strong eastward zonal 
currents observed in November 2009 could not be explained 
by the local wind forcing only, suggesting a possible role 
of remote forcing from the equatorial region. It has been 
suggested that strong eastward equatorial jets forced by the 
westerly winds along the equator during monsoon breaks 
in April to May and October to November could reach the 
South Java region through the propagation of Kelvin waves 
(Iskandar et al. 2005; Sprintall et al. 2009).

The magnitude of the observed meridional currents is 
much weaker than that of the observed zonal currents. How-
ever, variability of the observed meridional currents reveals 
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No. Name of tidal station Location

1. Gan Island 0.69°S, 73.15°E

2. Padang 0.95°S, 100.37°E

3. Cilacap 7.75°S, 109°E

4. Prigi 8.28°S, 111.73°E

5. Benoa 8.77°S, 115.2°E

Table 1. Location of tidal station used in this study.

(a)

(b)

(c)

(d)

Fig. 2. (a) Time series of the near-surface zonal current from OSCAR and alongshore winds off south Java (cm s-1), (b) time-depth plot of the ob-
served zonal currents from ADCP mooring off south Java. The eastward (westward) currents are shaded by reddish (bluish) color (cm s-1). The zero 
value is marked by the black contours. (c) - (d) same as in (a) - (b) except for the meridional components.
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Dynamics of South Java Coastal Currents 5

shorter time-scale variation (Fig. 2d), although the OS-
CAR data could not capture this higher frequency variation  
(Fig. 2c). In addition, northward flow is dominant in the me-
ridional currents below about 50 m.

Figure 3 shows the vertical profiles of time averaged 
and standard deviation of the observed zonal and meridional 
currents at South Java. The mean zonal flows are eastward 
flow between the near-surface layer and 90 m (Fig. 3a). The 
maximum mean eastward flow is 8 cm s-1 and it is located at 
40 m depth, corresponding to the core of the SJCC (Iskan-
dar et al. 2006; Sprintall et al. 2009). The meridional mean 
flows are dominated by the northward flow in the entire 
layer (Fig. 3a). There are two maxima of northward flow. 
The first maximum is about 6 cm s-1 and it is located near 
the surface, while the second maximum located about 60 m 
depth is about 4 cm s-1. The standard deviation of the zonal 
and meridional currents indicated that the high variability is 

observed in the upper about 100 m depth, with maximum 
variability of the zonal currents co-located with the core of 
the SJCC (Fig. 3b). Magnitude of the standard deviation 
for the meridional currents is much smaller than that of the 
zonal currents.

Spectra of the zonal and meridional currents are shown 
in Fig. 4. Note that the spectra are calculated for the period 
of 15 December 2008 to 16 May 2010 and their spectra are 
estimated by smoothing with triangle filter. The spectrum of 
observed zonal currents shows distinct peaks within intrase-
asonal band of 70 - 100-day confined in in the upper 100 m 
depth (Fig. 4a). This result has been confirmed by previous 
modeling studies, which have shown the dominant 90-day 
variation in the SJCC variability (Qiu et al. 1999; Iskandar 
et al. 2006). Meanwhile, the spectrum of observed meridi-
onal current shows a distinct intraseasonal variation within 
50 - 70-day in the upper about 80 m depth (Fig. 4b).

(a) (b)

Fig. 3. Vertical profiles of (a) mean, and (b) standard deviation of the observed zonal and meridional currents off south Java.

(a) (b)

Fig. 4. Power spectra of the (a) zonal, and (b) meridional currents observed at 106.75°E, 8.5°S off south Java.
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In addition to the intraseasonal peak, spectral peaks at 
semiannual and annual periods are also clearly seen the ob-
served zonal and meridional currents. This spectral peak is 
only observed in the upper layer. However, the energy in 
these spectral peaks is weaker than that in the intraseasonal 
peak. A limited-duration (17 months) of observed currents 
might prevent the identification of the semiannual and an-
nual variations.

3.2 Dynamical Forcing of the South Java Coastal  
Currents

Previous studies have suggested that both remote wind-
forcing from the equatorial Indian Ocean and local along-
shore winds affect the variability of the SJCC (Qiu et al. 

1999; Sprintall et al. 1999; Iskandar et al. 2006). In order to 
evaluate the forcing mechanism of the SJCC, we first calcu-
late the correlation between vertically averaged upper layer 
zonal currents (surface to 100 m depth) observed by the 
RAMA buoy off South Java and those observed along the 
equatorial Indian Ocean at 80.5 and 90°E (Fig. 5). Note that 
due to big gaps in the zonal currents observed by the ADCP 
mounted along the equator, the correlation was calculated 
only for short data: from 2 September 2009 to 16 May 2010 
for ADCP at 80.5°E, and from 9 November 2009 to 16 May 
2010 for ADCP at 90°E. Nevertheless, the results show that 
the zonal currents observed off South Java are significant-
ly correlated with those observed at 80.5 and 90°E along 
the equator, in which the variability in the South Java lags 
those in the equator by about 18 and 14 days, respectively  

(a)

(b)

(c)

(d)

Fig. 5. Same as Fig. 2 except for the observed zonal currents and zonal wind at (a) - (b) 80.5°E, and (c) - (d) 90°E on the equator.
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(Fig. 6). This indicates an eastward propagating signal with 
phase speed of about 2.37 m s-1, which is associated with the 
first baroclinic Kelvin waves.

To illustrate the role of remote and local forcing on the 
temporal variability of the SJCC, a lag correlation analysis 
was performed by correlating the surface winds, the SSH 
anomaly (SSHA) and the near-surface currents with the 
SJCC (Fig. 7). Note that the SJCC time series are defined as 
the vertically averaged zonal currents above 100 m depth. It 
is clearly shown that the remote wind forcing from the equa-
torial Indian Ocean plays important role in generating the 
SJCC variations as indicated by significant correlations be-
tween the SJCC and the surface winds. Nevertheless, contri-
butions from the local wind forcing to the SJCC variations 
are not negligible (Figs. 7a - d). This result is in good agree-
ment with the previous studies showing that both remote 
and local wind forcing are important in generating the SJCC 
variations (Sprintall et al. 1999; Iskandar et al. 2006).

The correlation between the SJCC and the SSHA and 
the near-surface currents can be interpreted in term of the 
equatorial wave dynamics (Fig. 7). At lag  -20 days, the 
strong correlation between the SJCC and the SSHA and the 
near-surface currents is associated with the eastward propa-
gation of the wind-forced downwelling equatorial Kelvin 
waves, indicated by positive SSHA (Fig. 7a). At the same 
time, two SSH minima are observed on either side of the 
central equator, which are a typical structure of upwelling 
Rossby waves. Strong eastward surface currents along the 
equator are also generated, which also indicate significant 
correlation with the SJCC (Fig. 7e). Ten days later (Fig. 7b), 
the downwelling Kelvin wave signals reached the western 
coast of Sumatra, part of their energy propagating poleward 
along the eastern boundary as downwelling coastal Kelvin 
waves and the remaining is reflected into interior Indian 
Ocean as a westward propagating downwelling Rossby 

waves. At lag 0 day (Fig. 7c), the Kelvin wave signals have 
arrived at the mooring location off South Java. Obviously, 
at lag +5 days the downwelling coastal Kelvin waves have 
propagated further poleward, while the eastern-boundray-
reflected downwelling Rossby waves have propagated fur-
ther westward (Fig. 7d).

Further insight into the eastward propagating signal 
from the equatorial region to the south of Java can be inter-
preted from sea level data obtained from a series of the tidal 
stations located in the equatorial Indian Ocean and along 
the coast of Sumatra and Java (Fig. 1). We evaluate sea 
level data for a period of January 2009 to May 2010 similar 
to that of ADCP data. It is shown that distinct positive sea 
level anomalies observed at the downstream tidal stations 
can be traced back to the equatorial region (Fig. 8). For ex-
ample, positive sea level anomaly observed in the Benoa in 
January 2010 can be traced back to the Gan Island station. 
Similar behavior can be found for the signals observed in 
May/June and November 2009, as well as in March/April 
and May 2010.

The eastward propagating signal from the equatorial 
region to the SJCC region is further shown by the lag corre-
lation of the sea level observed at each station pair along the 
equatorial and coastal waveguide (Fig. 9). The results show 
that the observed sea level at each station pair has signifi-
cant correlation with a tendency for the observed signal at 
the upstream stations (western part) to lead those observed 
at the downstream stations (eastern part) along the coast. 
This indicates that there is an eastward propagating signal 
originating from the equatorial region. We then estimated 
the phase speed of those eastward propagating signals based 
on the time-lag correlation of the observed sea level at each 
stations pair as shown in Fig. 9. The mean phase speed is 
2.67 ± 0.31 m s-1 with 95% confidence limit (Thomson and 
Emery 2004). This phase speed corresponds well with the 

Fig. 6. Time-lag correlation of the averaged upper layer (upper 100 m depth) zonal currents observed at 106.75°E, 8.5°S off south Java and those 
observed at 80.5°E, 0°S (red) and 90°E, 0°S (black). The horizontal dashed lines indicate 95% confidence limits.
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(a) (e)

(b) (f)

(c) (g)

(d) (h)

Fig. 7. Maps of the averaged upper layer (upper 100 m depth) zonal currents observed at 106.75°E, 8.5°S off south Java correlated with (a) - (d) 
sea surface height (shading) and surface winds (vector), (e) - (h) near-surface currents from OSCAR. Only correlations above 95% confidence limit 
are shown.
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first two theoretical baroclinic modes of the Kelvin waves 
(Gill 1982) and is in agreement with the previous obser-
vations in this region (Sprintall et al. 1999; Iskandar et al. 
2005, 2014; Drushka et al. 2010). Note that the theoreti-
cal phase speed of the first three baroclinic modes Kelvin 
waves estimated using vertical stratification averaged along 
the equatorial Indian Ocean are 2.83, 1.80, and 1.26 m s-1, 
respectively (Drushka et al. 2010).

4. CONCLUSION

The SJCC is one of the poorest observed eastern bound-
ary current systems. The RAMA project makes it possible 
for the first time to observe intensively this boundary current 
system using ADCP moored off South Java. In this study, 
we utilized the ADCP data moored at 106.75°E, 8.5°S off 
South Java and ADCP mounted along the equator at 80.5 
and 90°E to explore the dynamics of the SJCC (Fig. 1).

The observed zonal currents off South Java reveal ro-
bust intraseasonal variations from the surface down to about 
100 m depth. These intraseasonal zonal currents are coher-
ent with the alongshore winds off South Java (Figs. 2a - b). 
However, the alongshore winds alone could not explain 
observed strong eastward zonal currents, indicating remote 
forcing may play a role. Meanwhile, the observed meridional 
currents have a weaker amplitude and a shorter time-scale 
variation (Figs. 2c - d). The vertical profile of the observed 
zonal currents indicates that the core of the SJCC is located 
at depth of about 40 m (Fig. 3), and it is in agreement with 
previous observation (Sprintall et al. 1999). The spectral 
analysis shows that the intraseasonal zonal currents off South 
Java are characterized by 70 - 100 day variations, while the 
meridional currents are dominated by 50 - 70 day variations 
(Fig. 4). Previous modeling study has shown that the upper 
layer zonal currents off South Java, which are correspond to 
the SJCC, have intraseasonal variation at period of about 90 
days, while the deeper layer oscillates at period of about 60 
days (Iskandar et al. 2006).

The SJCC variations are highly correlated with equato-
rial zonal currents observed in the central and eastern ba-
sin. The lag correlation analysis indicates that the observed 
zonal current variations off South Java lag those observed 
in the 80.5 and 90°E by about 18 and 14 days, respectively 
(Fig. 6). This indicates that there is an eastward propagating 
signal with phase speed of about 2.37 m s-1, which is closely 
corresponding to the first baroclinic Kelvin waves. Further 
analysis reveals that the observed eastward and westward 
zonal currents off South Java are well correlated with the 
surface winds, SSHA and near-surface currents observed in 
the equatorial Indian Ocean and along the coast of Sumatra 
and Java (Fig. 7). The correlation between the SJCC and 
the surface winds indicates that both remote and local wind 
forcing play a role in generating the SJCC variations. The 
oceanic response to the wind forcing can be interpreted in 

term of wind-forced equatorial Kelvin waves. The lag cor-
relation analysis clearly shows that the SJCC variations are 
associated with wind-forced Kelvin waves generated in 
the equatorial Indian Ocean. These waves are propagating 
eastward along the equator. Once they reached the western 
coast of Sumatera, part of the energy is propagating pole-
ward along the coastal wave-guide as coastal Kelvin waves. 
The remaining part is reflected back into the interior Indian 
Ocean as westward propagating Rossby waves.

A series of sea level data observed by the tidal stations 
along the equatorial and coastal wave guides further indi-
cates the eastward propagating signals from the equatorial 
region to the SJCC regions (Fig. 9). Lag correlation analysis 
on the time series of the observed sea level for each station 
pair indicates robust eastward propagating signal originated 
from the equator with phase speed of 2.67 ± 0.31 m s-1. This 
estimated phase speed close to the theoretical phase speed 
of the first baroclinic Kelvin waves. Therefore, we may con-
clude that the SJCC variations are associated with eastward 
propagating first baroclinic mode of the Kelvin waves. Note 
that the role of local wind forcing is not negligible.
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