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ABSTRACT 
 

Karimata and Gaspar Straits were the connector between the South China Sea and Indonesian Seas, 
which played a role in transporting the Indonesian Through Flow. The current velocities in both straits 
were studied by comparing outputs from the INDO12 physical ocean model simulation against 
observation results from the South China Sea-Indonesian Seas Transport Exchange (SITE) program. In 
general, the magnitudes of the zonal and meridional model current velocities are weaker than 
observations. Notably, the B1 and B4 moorings show uncertain model values most of the time. It is 
understandable considering that B1 and B4 moorings are located in a narrow strait (Gaspar Strait), near 
the coasts. On the contrary, B2 and B3 moorings show comparable magnitude to the two zonal and 
meridional components' observations  
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ABSTRAK 

Selat Karimata dan Gaspar adalah penghubung antara Laut Cina Selatan dan Laut Indonesia, berperan 
dalam pengangkutan Arus Lintas Indonesia. Kecepatan arus di kedua selat tersebut dipelajari dengan 
membandingkan keluaran simulasi model fisik samudra INDO12 dengan hasil pengamatan dari 
program South China Sea-Indonesian Seas Transport Exchange (SITE). Secara umum, besaran 
kecepatan arus model zonal dan meridional lebih lemah dari pengamatan. Khususnya, mooring B1 dan 
B4 menunjukkan nilai model yang tidak pasti hampir sepanjang waktu. Hal ini dapat dimaklumi 
mengingat mooring B1 dan B4 berada di selat sempit (Selat Gaspar), dekat pantai. Sebaliknya, mooring 
B2 dan B3 menunjukkan besaran yang sebanding dengan pengamatan dua komponen zonal dan 
meridional. 
 

Kata kunci: Selat Karimata, kecepatan arus, INDO12, Program SITE 
 
1. Introduction 

The South China Sea (SCS) is one of the 
most massive marginal seas globally, and the 
Indonesian seas (ISS) constitute a significant 
passage linking the Pacific and Indian oceans 
(Fang et al., 2010). The SCS and ISS are 
connected through the Karimata Strait (KS) (Wei 
et al., 2016; Wang et al., 2019) and Gaspar Strait 
(Wang et al., 2019). Several numerical studies 
have revealed that the circulations in SCS and 
ISs are closely linked mainly through the KS 
[Metzger and Hurlburt, 1996; Lebedev and 
Yaremchuk, 2000; Fang et al., 2009; Tozuka et 
al., 2009; Yaremchuk et al., 2009] including the 

Gaspar Strait. Karimata Strait separates Belitung 
Island and Kalimantan Island with a 220 km 
width and a depth of 18–50 m (Wang et al., 
2019). The Gaspar Strait is located between 
Bangka Island and Belitung Island, width is 
approximately half that of the KS, and the depth 
is shallower than 30 m (Wang et al., 2019). 
Further knowledge of Karimata Strait's 
characteristics will help understand the regional 
and local ocean circulation and climate 
processes (Tozuka et al., 2009) because KS is 
an integral part of SCS. The annual average 
transport through Karimata Strait contributes to 
ITF transportation of around 13% (He et al., 
2015).  
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One of the providers ISs forecasting 
characteristics, including Karimata and Gaspar 
Strait, is an INDESO (Infrastructure Develop-
ment of Space Oceanography) Project opera-
tional simulation. In the scope of the INDESO 
Project, a regional configuration of the 
OPA/NEMO global ocean circulation model has 
been implemented and adjusted in the ISS 
region. The physical design is fully operational 
since September 2014, called the INDO12 V1 
configuration. Since the operational launch, the 
model was still improved by CLS and Mercator-
Ocean. The new version INDO12 V1.1 is to be 
applied for the INDESO working system since 
March 2016. The two versions of INDO12 are a 
1/12° regional version of the NEMO physical 
ocean model covering the whole Indonesian 
Exclusive Economic Zone (Tranchant et al., 
2016). 

Validate the model results that remain 
highly required for many downstream appli-
cations (services or scientific studies). To 
improve the model quality, we have decided to 
focus on the Karimata and Gaspar Strait. We are 
comparing the model data from the INDO12 
physical ocean model to in-situ observations 
gathered by the SITE research project (SCS and 
ISs Transport/Exchange) established jointly by 
the scientists from Indonesia, China, the United 
States. The SITE project aims to measure and 
analyze water masses' magnitude and variability 
and heat transport from SCS to Indonesian 
waters. Four trawl-resistant bottom-mounted 
(TRBM) Acoustic Doppler Current Profiler 
(ADCP) has been deployed in the Karimata 
Strait. Model velocities were compared to these 
observations.  
 

2. Materials and Methods 

Several observed datasets were used to 
validate the model. INDO model velocities were 
compared to observed velocities profiles 
obtained from ADCPs measurement. Positions 
of the four-trawl resistance bottom-mounted 
ADCP is shown in Figure 1. Two trawl‐resistant 
bottom mounts (TRBMs) were deployed along 
Gaspar Strait (B1 and B4), and the current data 
were successfully obtained for almost two years. 
Two remains were deployed along Karimata 
Strait (B2 and B3).  

In addition to the qualitative analysis, some 
quantitative analysis has also been carried out 
for validation. The Cost Function (CF) is a non-
dimensional value that quantifies the difference 
between the model values and observation data, 
thus indicating the goodness of fit between the 
two datasets (OSPAR Commission, 1998). It is 
given by: 

𝐶𝐹 =
1

𝑁
∑

|𝐷𝑛 −𝑀𝑛|

𝜎𝐷

𝑁

𝑛=1

 

where N is the total number of observations, n is 
the nth comparison, D is the observed value, M is 
the model value and 

𝜎𝐷 = √
1

𝑁
∑(𝐷𝑛 − 𝐷̅)2
𝑁

𝑛=1

 

𝜎𝐷 is the standard deviation of the 

observations. 𝐷̅ denotes the mean of 
observations. The performance criteria used 
here are CF <1 very good, 1–2 good, 2–3 
reasonable, >3 poor (Allen et al., 2007; Radach 
and Moll, 2006). 
  

 

Figure 1. Trawl-Resistant Bottom-Mounted (TRBM) Moorings in Karimata Strait (B2 And B3) And in Gaspar 
Strait (B1 And B4). The Geographical Coordinates Are B1 = 2° 34.6238' S; 107° 15.0331' E; B2 = 2° 16.6865' 
S; 108° 14.8359' E; B3 = 1° 54.6177' S; 108° 32.7034' E; B4 = 2° 34.6810’ S; 107° 0.8997' E. The Dataset 
Provided by SITE Project. 
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Table 1 gives information on observed 
variables that are used in this study. Although all 
data is coming from the same observation, the 
length of each time-series data can differ. It 
depends on the instrument. 

The current profiles data were obtained 
from all ADCP covers 28 April 2013 to 24 April 
2014. This period is a compromise for all ADCP 
recorded data, while each ADCP has different 
times in measurement, and 6 July 2013 to 11 
June 2015 period is intersection time. The 
vertical bin sizes of ADCP measurements are 2 
m for all current observations. Due to a problem 
caused by surface reflection contamination of 
the ADCP, the uppermost layers data are 
replaced with the values linearly extrapolated 
from underneath layers.  

Used bathymetric data were obtained from 
ETOPO1 global bathymetry. The resolution of 
ETOPO1 data is 1/60°. Interpolation and 
extrapolation are performed to ADCP current 
profiles data to provide current data in straight 
sections. For section 1, two ADCP data in 
Gaspar strait are used in interpolation and 
extrapolation, while for section 2, two ADCP data 
in Karimata strait were used. 
 
3. Results and Discussion 

Ocean velocities validation was performed 
by comparing the magnitude of daily and depth-
averaged current components (zonal and 
meridional) from model and observation. In this 
work, the nearest velocities model grid position 
to mooring location is used. Figure 2 shows the 
depth of daily average velocities comparison for 
four mooring stations. 

The magnitudes of the zonal and meridional 
model velocities are weaker than observations, 
which have good performance, referred to as 
cost function (Allen et al., 2007; Radach and 
Moll, 2006). However, the model's velocities 
trends are generally following the observed 
velocities variations (see Fig. 2). Significantly, 
the B1 (Fig. 2.a) and B4 moorings (Fig. 2.g) show 

weak model values. It is understandable 
considering that B1 and B4 moorings are located 
in a narrow strait (Gaspar Strait), near the 
coasts. The model grid resolution is not sufficient 
enough to correctly reproduce the physical 
processes involved in such areas. The effect is 
particularly evident for the zonal components. 

On the contrary, B2 and B3 moorings show 
comparable magnitude to the two zonal and 
meridional components observations. The B2 
and B3 moorings are located in Karimata Strait, 
which wider than Gaspar Strait. As mentioned in 
Ffield and Robertson (2008), model errors are 
mainly due to topography, stratification, 
resolution, and tidal forcing. 

The comparison between V1.0 and V1.1 
versions of the model indicates very similar 
results in this region. The bathymetry changes in 
V1.1 is not significantly impacted the model 
velocities in Karimata Strait. A high-frequency 
velocities comparison has also been made. In 
this part, hourly surface velocities from the 
INDESO v1.1 model have been compared to 
hourly ADCP recorded surface velocities. A 
comparison of spectrum analysis is performed 
on hourly surface velocities to reveal signal 
variability (Fig. 3). Plots in Figure 3 show the 
spectrum versus period (hours/cycle), both for 
zonal and meridional velocities components. 

Spectrum analysis of surface current shows 
model velocities have the same peaks as 
observations. Coincident peaks around 12- and 
24-hours periods indicate that the diurnal and 
semi-diurnal tides are the dominant signal of 
variability in Karimata Strait. In B3 and B4 
moorings positions, the model is in good 
agreement with observations for long periods. 
But in general, especially for low periods, 
observed velocities have higher spectral density 
values, which means the model can not able 
represent the high-frequency current variations. 
These differences in spectrum density can also 
be interpreted as underestimating the model's 
existing energy compared to the observations. 

Table 1. A Description of The Observation Data Set. 

Mooring Depth Instrument & Variables Time Annotation 

B1 mooring 
Depth = 33 m 

ADCP: 
Zonal current 
Meridional current 

28-Apr-2013 to 28-
Apr-2014 

The hourly time interval, 15 layers 
with 2 m interval from the bottom 

B2 mooring 
Depth = 42.5 m 

ADCP: 
Zonal current 
Meridional current 

03-Jul-2013 to 26-
Apr-2014 

30 minutes time interval, 20 layers 
with 2 m interval from the bottom 

B3 mooring 
Depth = 41.6 m 

ADCP: 
Zonal current 
Meridional current 
Temperature 

06-Jul-2013 to 24-
Apr-2014 

20 minutes time interval, 17 layers 
with 2 m interval from the bottom. 
For temperature, only one layer 
located at the bottom. 

B4 mooring 
Depth = 33.6 m 

ADCP: 
Zonal current 
Meridional current 

05-Jul-2013 to 24-
Apr-2014 

20 minutes time interval, 13 layers 
with 2 m interval from the bottom. 
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Figure 2. Time series plots of depth daily average current component zonal and meridional for B1 Mooring 
(a and b), B2 Mooring (c and d), B3 Mooring (e and f), and B4 Mooring (g and h) 
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Figure 3. The spectrum versus period (hours/cycle), both for zonal (left) and meridional (right) velocities 
components. (a) B1 Mooring, (b) B2 Mooring (c) B3 Mooring, and (d) B4 Mooring locations. 
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4. Conclusions 
 

In the Karimata Strait, the model simulated 
lower current velocities than reality speeds but 
can reproduce seasonal signals. In the Gaspar 
Strait, the west side of Karimata Strait, current 
zonal rates are much smaller than observations. 
The difference between the model and 
observations could be because the model's grid 
resolution is too coarse for Karimata Strait, 
especially in the Gaspar Strait part. The model 
remarkably well simulates the high frequency 
(hourly) variability currents, and spectrum 
analysis results show it. It is concluded from the 
validation results that the model gives a 
reasonably fair comparison with the in-situ data, 
especially for seasonally signals. Perhaps with 
some improvements, such as sensitivity 
experiments and simulates in a finer grid, the 
model can produce more accurate results. 
 
Data Availability 
 

The INDO12 files and ADCP data used in 
the present paper are available upon request 
(please contact bpol@kkp.go.id). ETOPO1 data 
is available at : 
https://www.ngdc.noaa.gov/mgg/global/global.ht
ml. 
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