
Dynamics of three anomalous SST events in the Coral Sea

A. Schiller,1 K. R. Ridgway,1 C. R. Steinberg,2 and P. R. Oke1

Received 12 December 2008; revised 1 February 2009; accepted 23 February 2009; published 25 March 2009.

[1] Variability of the circulation in the Coral Sea,
accompanied by large heat transport anomalies, has the
potential to have detrimental impacts on underlying
ecosystems, including the Great Barrier Reef. In this study
we analyze the dynamics of three events, characterized by
extremes in sea-surface temperature, as simulated in an
eddy-resolving ocean reanalysis. We show that a cooling in
April 1997 results from strong wind anomalies and is
supported by vertical and horizontal advective heat losses.
A warm event in October 1998 is attributable to a heat gain
by horizontal advection. A heat budget of the mixed-layer
within a closed box shows that warm anomalies in January
2002 involve a quasi-balance between horizontal advection
and vertical entrainment with a large local heat gain through
the ocean surface near-shore that apparently caused a coral
bleaching event. The dynamics of these extreme events are
all quite different, with both local and remote influences.
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1. Introduction

[2] The Southwest Pacific is a region of complex ocean
circulation. Thermocline waters, carried by various jet-like
branches of the westward flowing South Equatorial Current
(SEC), split on the Australian eastern boundary to feed the
East Australian Current (EAC) and the North Queensland
Current (NQC), forming part of a circulation gyre in the
Gulf of Papua (Figure 1a). On exit from the Gulf of Papua,
the then called Hiri Current (HC) flows into the Solomon
Sea and feeds the New Guinea Coastal Current that supplies
most of the water of the Equatorial Undercurrent. This
circulation, in turn, modulates the ENSO cycle [Giese et
al., 2002].
[3] The interannual variability of the circulation and

thermodynamics of the Coral Sea are poorly understood
due to the lack of appropriate in situ measurements
[Ganachaud et al., 2007]. Early studies focused on the
climatic mean state and coastal phenomena of the physical
oceanography of this region [e.g., Pickard et al., 1977].
Recent coral bleaching events of the Great Barrier Reef
(GBR) in early 1998 and 2002 have renewed focus on the
adjacent Coral Sea and large-scale circulation pattern
[Steinberg, 2007; Weller et al., 2008]. Based on an ocean

reanalysis [Schiller et al., 2008] provided regional estimates
of volume transports for the Coral Sea suggesting large
interannual variations in Coral Sea transports. Here, we
focus on the temporal variability of thermal properties of the
Coral Sea that encompasses the northern half of the GBR.
[4] By using output from a data-assimilating ocean gen-

eral circulation model this study produces results that are in
better agreement with observations than those based on non-
assimilating model simulations. The ocean reanalysis is
described in detail by Oke et al. [2008]. Briefly, the
MOM4p0 global hydrodynamic model is used [Griffies et
al., 2004], with a resolution of 1/10� in the Asian-Australian
region. There are 47 levels in the vertical, with 10 m
resolution near the surface. Observations from all available
satellite altimeters (ERS, GFO, Topex/Poseidon, Envisat
and Jason-1), 57 coastal tide gauges around Australia, plus
SST observations from Pathfinder and AMSR-E satellite
missions are assimilated into the model. Observations of in
situ temperature and salinity from the Argo, TAO and XBT
programs are also assimilated into the model. For the region
of interest here (142�S to 152�E, 18�S to 11�S) there are
typically only 5–10 temperature profiles available each
month and virtually no salinity profiles throughout the
course of the simulation. The model is forced by 6-hourly
atmospheric fields from the 40 year reanalysis ERA-40 of
the ECMWF (http://data.ecmwf.int/data/d/era40 daily),
including all surface forcing fields, i.e. wind stresses, heat
and freshwater fluxes. From September 2003 onwards (end
of ERA-40 period) we use the operational ECMWF prod-
ucts as forcing fields.
[5] Section 2 describes the salient features of the mean

and seasonal circulation and section 3 discusses three events
associated with distinct SST anomalies in the Coral Sea.
Section 4 contains a discussion and conclusions.

2. Variability of Circulation

[6] Previous studies [e.g., Burrage et al., 1995] suggested
that changes in the intensity and meandering of the SEC in
response to climate variability in the Pacific basin could
induce significant changes in water masses and currents on
the continental shelf and slope of the GBR. The precise
location of the bifurcation of the SEC, and the relative
intensity of the southern and northern branches, vary both
seasonally and interannually. The northern and southern
branches form the sources of the NQC in the Coral Sea and
the EAC to the south, respectively (Figure 1a). Associated
with the quasi-stationary gyre and clockwise circulation
around the northern Coral Sea is a relatively small temporal
variability in sea level of less than 8 cm for most parts of the
region of interest. Using a model simulation, Kessler and
Gourdeau [2007] argued that, at least for annual variability
in the South Pacific, shifts of the bifurcation latitude do not
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signify corresponding anomalies of transport to the equator,
i.e. a migration to the south does not imply stronger
northward transports.
[7] The seasonal variability in the strength of the wind

stress fields in association with the seasonal solar radiation
creates a distinct annual cycle in SST with July SST about
3�C less than the January SST values (Figures 1b and 1c)
and a maximum of the annual range in the southern part of
the domain. During July the dominant winds are the

southeast trades, but during the summer monsoon in January
the winds are more variable.

3. Dynamics of Extreme Events

[8] The focus of this study is on the identification of
ocean dynamics of SST extremes that affect the Coral Sea
and have the potential to disturb the ecosystems along the
GBR.
[9] Figure 2a shows time series of the average SST

anomaly for the region 142�S to 152�E and 18�S to 11�S
in the reanalysis and an equivalent observation-based esti-
mate computed from a SST analysis product with 0.25�
resolution [Reynolds et al., 2007]. Both the model- and
observation-based time series show a warming trend over
the period shown. These trends are around 0.76�C and
0.51�C per decade for the reanalysis and the observations
respectively. Based on this short time series, it is not clear
whether this trend is evidence of global warming, or part of
natural variability. However, we note that a third estimate of
the trend in SST anomaly for this period, computed from
15-day composite AVHRR SST observations processed at
CSIRO (not shown), shows a similar warming trend of
around 0.4�C per decade for this region.
[10] In this section we investigate the ocean dynamics

associated with three extreme events in the Coral Sea
(Figure 2a). The cases are characterized by cold SST
anomalies (case A, April 1997, Figure 2b) and two warm
anomalies (case B, October 1998, Figure 2c; and case C,
January 2002, Figure 2d). The monthly averaged spatial
distributions of these anomalies (Figures 2b–2d) show that
virtually the whole Coral Sea is subject to these anomalies,
although to a varying degree and with larger amplitude
anomalies in the south.
[11] Upper ocean heat content and vertical movement of

the thermocline are well represented by the depth of the
20�C isotherm (D20). In the model, the corresponding
anomaly of D20 in the Coral Sea is uncorrelated with the
SST anomalies. This suggests that there is no simple
dynamical relationship, such as a shallowing D20 leading
to cooler SST, between those variables as found in other
subtropical and tropical areas of the world ocean.
[12] A different conclusion can be drawn from an anal-

ysis of the prevailing wind stresses. Figure 2h shows a time
series of the anomalies of the magnitude of the wind
stresses. It shows a distinct maximum during the peak of
the cooling event in April 1997. This maximum is associ-
ated with stronger than average southeast trades (Figures 2e
and 2i). Conversely, the two warm events happen during, or
at the end of, periods where wind stresses are lower than
average (Figure 2h). In case B, the wind stresses are weaker
than average (Figures 2f and 2j), and Case C shows weak
wind stress anomalies of typically less than 0.02 N/m2

(Figures 2g and 2k). As shown in the subsequent text
associated changes in latent flux and surface net heat flux
and their impact on the heat budget are limited except for
one special situation.
[13] To quantify the dynamic balances that lead to these

anomalous cooling and warming events we calculate the
heat budget for the box defined in Figure 2b. Horizontal
temperature fluxes are calculated across the lateral box
boundaries and across the time-dependent 26�C isotherm

Figure 1. (a) RMS variability of sea level (colour) and
mean sea level (contour lines) averaged over period 1992 to
2006. Units are in m. Labels are explained in text. Seasonal
SST (�C) for (b) January and (c) July with wind stress
vectors superimposed (N/m2). Reference vectors beneath
Figure 1c.
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