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[1] The transfer of Pacific water into the Indian Ocean
through the Indonesian seas affects the heat and freshwater
budgets of both oceans. The observed transport in the
Makassar Strait, the primary Indonesian throughflow
pathway, from January 2004 through November 2006 is
11.6 ± 3.3 Sv (Sv = 106 m3/s). This transport is 27% larger
than observed during 1997 when a strong El Niño suppressed
the flow. The 2004-06 Makassar transport displays clear
seasonal behavior, with associated heat and freshwater
variability, in contrast to the El Niño dominated 1997
transport. The 2004-06 transport reached maximum values
towards the end of the northwest and southeast monsoons,
with minimum transport are in October-December. A sustained
high transport is observed in early 2006, perhaps in response
to an La Niña condition. The maximum throughflow occurs
within the thermocline, as in 1997, though the longer 2004-06
measurements also reveal a shallowing of transport as speeds
increase. The transport-weighted temperature is 15.6�C in
2004-06, nearly 1�C warmer than that observed in 1997,
presumably a consequence of El Niño. Citation: Gordon,

A. L., R. D. Susanto, A. Ffield, B. A. Huber, W. Pranowo, and

S. Wirasantosa (2008), Makassar Strait throughflow, 2004 to 2006,

Geophys. Res. Lett., 35, L24605, doi:10.1029/2008GL036372.

1. Introduction

[2] The Indonesian seas allow for transfer of tropical
waters from the Pacific to the Indian Ocean in what is
referred to as the Indonesian throughflow [ITF], with sig-
nificant impact on the oceanic heat and freshwater budgets
and on the climate system [Gordon, 2005]. Estimates based
on measurements obtained from 1985 to 1996 suggest an
ITF slightly greater than 10 Sv (Sv = 106 m3/s) [Gordon,
2005]. Seasonal and intraseasonal fluctuations are apparent
amidst the strong tidal currents [Ffield and Gordon, 1996;
Susanto et al., 2000]. Interannual variability has been linked
to the El Niño-Southern Oscillation (ENSO) [Meyers, 1996;
England and Huang, 2005].
[3] Prior to 2004 the major corridors of the ITF (Figure 1)

were measured, though at different times (see Gordon 2005
for a review). Because the ITF varies with time, these
measurements are not synoptic. The International Nusantara
Stratification and Transport (INSTANT) program [Sprintall
et al., 2004] was established to overcome this deficiency by
simultaneously measuring the ITF from the Pacific inflow at
Makassar Strait and Lifamatola Passage to the Indian Ocean
export channels of Timor, Ombai and Lombok, over a 3-

year period. The INSTANT fieldwork began in December/
January 2003/04 and was completed in November/December
2006.
[4] To prompt comparison with other data sets and with

model output we offer a descriptive overview of the along-
channel speed and transport and of the thermocline variabil-
ity as observed by the two INSTANT Makassar moorings
deployed within the narrow Labani Channel constriction near
3�S (Figure 1). These moorings were placed at the same sites
as the Arlindo 1996-1998 moorings [Gordon et al., 1999].
[5] Water properties indicate that Makassar Strait is the

primary inflow passage for Pacific water above the Makassar
sill depth of 680 m (Figure 1), carrying�80% of the total ITF
transport [Gordon, 2005]. East of Sulawesi the Lifamatola
Passage with a sill depth of�2000m represents the dominant
inflow path for deeper Pacific water. During residence in the
Indonesian seas the inflowing Pacific stratification is mod-
ified by tidal induced mixing and buoyancy flux across the
sea-air interface, creating a relatively isohaline thermocline,
which is then exported to the Indian Ocean.

2. Makassar Moorings

[6] Moorings were deployed on 18 January 2004 at
2�51.90 S, 118�27.30 E (MAK-west) and 2�51.50 S,
118�37.70 E (MAK-east), a separation of 19.4 km within
the 45 km wide Labani Channel, as measured at the 50 m
isobath [Smith and Sandwell, 1997] (see also http://topex.
ucsd.edu/marine_topo/). The moorings were recovered and
redeployed in July 2005, with the final recovery on 27
November 2006.
[7] Both moorings were instrumented with upward-

looking RD Instruments Long Ranger 75 kHz Acoustic
Doppler Current Profilers (ADCP), at a nominal depth of
300 m. These were configured to measure all 3 velocity com-
ponents in 10 m bins at 30 minute intervals. Downward-
looking 300 kHz ADCPs were mounted on both moorings,
but data return from these instruments was poor, with a
usable record only from the second deployment of MAK-
east. Single point current meters were positioned on both
moorings at 400 and 750 m. Additional current meters were
positioned at 200 and 1500 m on MAK-west. The current
meters and ADCPs included temperature sensors. MAK-
west was instrumented with 15 additional temperature/
pressure (TP) and two conductivity-temperature-pressure
(CTD) recorders over the nominal depth range of 45 to
468 m. The mooring wire parted at 80 m near the end of the
first deployment of MAK-west resulting in the loss of 3 TP
recorders. The remainder of the mooring was largely unaf-
fected. MAK-east was equipped with one additional TP and
two CTD recorders, in the nominal depth range of 115 to
400 m. Vertical excursions (mooring blowover) of more
than 100 m were common at MAK-west. Blowover was less
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