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Unlike other currents along the subtropical west coasts of continents, the Leeuwin Current off Western
Australia transports warm, fresh tropical waters poleward and is strong enough to overwhelm the
upwelling tendencies of the coastal wind stress. The representation of this unusual and important
current in the global eddy-permitting 1⁄4° Parallel Ocean Climate Model (POCM) is examined, and
implications for coastal fisheries and regional weather and climate discussed. Comparison of POCM
fields with those from the Leeuwin Current Interdisciplinary Experiment for austral autumn and
winter 1987 suggests that model Leeuwin Current is consistent with these observations in terms of its
location and depth distribution, surface gradients and meridional variation in mixed layer depths but is
a bit weaker, warmer and fresher. The model Leeuwin Undercurrent is similar in strength to that
observed during autumn/winter 1987. Similar to satellite observations, the model Leeuwin Current
displays a number of meander, eddy and offshoot features. The frequency distribution and length scales
of the model features are generally consistent with estimates of these parameters derived from the
satellite images. It is concluded that POCM output can be usefully applied to improve understanding of
the Leeuwin Current and associated regional impacts.

1. Introduction
One of the unusual features about the oceanography
and meteorology of Western Australia is the Leeuwin
Current (Figure 1). Unlike other subtropical eastern
boundary currents, the Leeuwin Current flows poleward (against the prevailing coastal wind stress), is relatively narrow and fast, contains warm and fresh tropical waters, and is typically characterised by deep mixed
layers (particularly in the south). Nutrient levels are
relatively low by comparison to those found in the
upwelling regimes of the Benguela, Humboldt, and
Californian Currents. In these regions, the prevailing
winds over the ocean tend to be equatorward and parallel to the coastline so that they induce, through
Coriolis effects, an offshore transport of surface waters
and an upwelling of cold subsurface waters near the
coast. Along the west and part of the south coast of
Western Australia, the winds also tend to be in the right
direction to induce coastal upwelling much of the year.
However, with the possible exception of the Cape
Naturaliste/Cape Leeuwin region (extreme southwestern tip of Australia), the poleward-flowing Leeuwin
Current appears strong enough to overwhelm this tendency for upwelling driven by the winds.

In terms of regional weather and climate, Western
Australia has no counterpart to the hyper-arid coastal
deserts found at similar latitudes in western South
America and southern Africa (i.e., the Atacama and
Namib deserts). Thus, rainfall decreases away from the
coast in Western Australia whereas the reverse tends to
be true for these other subtropical regions in the
Southern Hemisphere. Gentilli (1991) has suggested
that it is the absence of cold sea surface temperature
(SST) due to the Leeuwin Current overwhelming
coastal upwelling, rather than the warm waters transported polewards by the Current itself, that may be
associated with the relatively high coastal rainfall of
Western Australia. Similarly, the Leeuwin Current and
lack of cool coastal SST has been implicated in the preferential location of the dominant summer and autumn
synoptic pattern, the West Coast Trough, often being
offshore from the coast (Reason, 1996). The significance of the offshore location is that it enables continental easterlies and high temperatures to dominate the
weather of coastal communities like the state capital of
Perth.
Several authors have investigated the significance of the
Leeuwin Current and associated eddy activity for
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water of coastal origin away from their sources (e.g.
industrial and sewage outfall regions near Perth).
It should be clear from the above discussion that the
Leeuwin Current and its associated source regions in
the eastern tropical Indian Ocean and adjacent Timor
Sea/North-west Shelf are unique in the global ocean,
and that this Current has significant impacts on coastal
weather, climate, water quality and fisheries. As a
result, it is important for state of the art eddy-permitting global ocean models to represent this Current adequately. Here, the ability of one of these models to represent the Leeuwin Current is investigated. The model
chosen is the Parallel Ocean Climate Model (POCM)
(Semtner & Chervin, 1988, 1992; Stammer et al., 1996).

Figure 1. Schematic identifying place names, and meander
and eddy features A to E on the model Leeuwin Current for
early/mid-July 1987 as determined from model temperature
and current vector plots. The approximate position of the shelf
break is depicted by the light broken line. Note that Capes
Naturaliste and Leeuwin mentioned in the text are respectively the northern and southern extremities of the land mass
labelled Cape Mentelle. Reproduced from Reason & Pearce
(1996).

regional fisheries. One of the most valuable commercial
fisheries in Australia is that of the western rock lobster
(Panulirus cygnus). Pearce & Phillips (1988, 1994) and
Phillips et al. (1991) have shown that the Leeuwin
Current plays an important role in the return of the
lobster larvae from the open ocean to settlement in the
coastal reefs. Since the Leeuwin Current transports
warm and relatively fresh tropical waters south along
the west coast, many species are found at higher latitudes than would otherwise be the case or in greater
abundance. Examples of species and/or fisheries in
Western Australian coastal waters for which such
impacts of the Leeuwin Current are important are the
southern blue fin tuna (Thunnus maccoyii, Stequert &
Marsac, 1989), seagrass and algal distributions (Walker,
1991), coastal scallop and fin fish stocks (Lenanton et
al., 1991) and coral spawning and distributions
(Simpson, 1991; Hatcher, 1991). A further impact of
the Leeuwin Current on the regional environment is
via the capability of associated eddies to transport
water onto the continental shelf and entrain polluted
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In addition to the above investigation, output from the
POCM may be used to explore aspects of the Leeuwin
Current system that previous process-oriented models
were not able to consider. These include details of the
exchange of waters between the Leeuwin Current system and greater Indian Ocean and related eddy activity,
a detailed comparison of model output with field and
satellite observations, and investigation of the behaviour of the Leeuwin Current on the south coast of
Western Australia once it rounds Cape Leeuwin.
Aspects of these three points are considered herein, as
is potential application of the POCM output to further
understanding of the role of the Leeuwin Current and
associated eddy activity on the regional environment.
Since the only substantial field program conducted on
the Leeuwin Current (LUCIE – Leeuwin Current
Interdisciplinary Experiment) took place during the
period September 1986 – August 1987, and given the
availability of POCM output, most of the comparison
of the model with field and satellite observations presented below is restricted to the 1987 austral autumn
and winter seasons. The intent here is to assess whether
the Leeuwin Current in the POCM is consistent with
what was observed during LUCIE, rather than give a
detailed analysis of the dynamics of the Current and its
eddy activity. This comparison with LUCIE and satellite observations extends the earlier work of Reason &
Pearce (1996), who looked at POCM output corresponding to a single day in July 1987 and who found
that the model displayed many realistic features of the
Leeuwin Current system. By considering output from
at least a full winter season, when the Leeuwin Current
is expected to be at its strongest, one obtains a better
idea of how well the current is represented in the
model. Subsequently, if one is satisfied with the
model’s ability to capture the most important features
that are observed, one can then use the model to make
inferences about the flow and its regional impact in
areas, or during periods, outside those observed
directly. Being able to do so would have important
consequences for improving understanding of the
coastal environment of Western Australia not just
because of the regional impacts discussed above, but
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also because of the expense and current lack of
resources to do much observationally.

2. Brief description of the model
Output from the 1⁄4° Parallel Ocean Climate Model
(POCM) was obtained over the Internet from the Mass
Storage System at the National Center for Atmospheric
Research. The model has a longitudinal spacing of 0.4°,
latitudinal spacing of 0.4 times the cosine of the given
latitude, and vertically, 7 unevenly spaced levels in the
upper 225 m of the ocean with a further 13 extending to
the ocean bottom. The upper layer has a depth of 25 m.
This model resolution is mesoscale ‘eddy-permitting’
since the grid and horizontal damping are small enough
to allow explicit representation of some instabilities
which mix momentum, heat, salt and other properties
in the ocean (Semtner & Chervin, 1992). Further details
on the model configuration are provided in the
Appendix.
The forcing used in the version of POCM analysed
here consisted of wind stresses that were interpolated
from ECMWF 1000 mb monthly values (Trenberth et
al., 1989) to three-day averages using bi-cubic splines,
and a restoring of model SST and sea surface salinity
(SSS) to the monthly climatology of Levitus (1982) on
a 30-day time scale to simulate heat and freshwater
fluxes. As with the winds, bi-cubic splines were used to
interpolate the Levitus data to the model grid and to
values corresponding to a three-day average.
Initialisation of the model occurred as follows. Firstly,
a 33-year integration of the 1⁄2° Semtner & Chervin
(1992) model was performed with the Levitus (1982)
temperature and salinity fields as initial condition.
Forcing for this integration consisted of monthly
Hellerman & Rosenstein (1983) wind stresses and
restoring to Levitus (1982) monthly SST and SSS (each
interpolated via bi-cubic splines to three-day values).
At the end of this integration, model fields were interpolated to the 1⁄4° POCM grid as an initial condition to
integrate the POCM model to equilibrium with the
1985 ECMWF winds (Stammer et al., 1996). Following
this, the POCM was integrated with 1986–1989
ECMWF wind forcing and restoration to Levitus SST
and SSS as described above. Model output analysed
here corresponds to part of the second year of this integration period, namely 1987. Specifically, output for
the period February–September 1987, which falls
within the LUCIE period of observations at various
sections across the Leeuwin Current, was obtained
from the POCM storage system for the current study.
The domain of the data obtained is 9°–43° S, 90°–120°
E which contains not just the main Leeuwin Current
on the north, west and part of the south coast of
Western Australia, but also much of the eastern Indian
Ocean, Timor Sea and North West continental shelf
region from where Leeuwin Current waters originate,
and eddies merge. Since the POCM forcing does not

correspond to a specific day, but instead is representative of three-day values, one cannot directly compare
the model with observations taken at a particular point
in time. Instead, the model output is analysed in terms
of available LUCIE observations averaged over certain
periods during austral summer, autumn and winter
1987 as well as qualitatively compared with some satellite images from that period. Quantitative comparison
of measures of eddy variability, derived from satellite
images and from POCM output, are also made. The
objective of this comparison is then to determine
whether the model has any obvious inconsistencies
with what one sees in the real ocean.

3. Comparison of mean fields
A comparison is made below between POCM output
and LUCIE field observations for various aspects of
the Leeuwin Current during 1987.

3.1. Alongshore current
Figure 2 shows the mean of the alongshore Leeuwin
Current at the Dongara (29.5° S) transect averaged over
the period 20 May – 31 July 1987. Similar to the observations(Smith et al., 1991), the Current is fairly broad
at Dongara and is strongest seaward of the shelf break.
The pronounced meander/eddy pair (‘B’ and ‘C’ in
Figure 1) is associated with the model Leeuwin Current
being located a bit farther seaward than observed during the 20 May – 31 July averaging period. However,
the observed Leeuwin Current core was also located
well offshore during certain times in this period, such
as in June, when it was over 120 km from shore (Smith
et al., 1991). Maximum alongshore mean surface flow
in the model transect (20 cm s–1) is weaker than that
observed (30 cm s–1) whereas at depth, the equatorward-flowing Undercurrent is comparable in magnitude (5 cm s–1) to the observed but is perhaps located a
little deeper.
Smith et al. (1991) also computed fields of standard
deviation in alongshore flow during this autumn / winter period to find values that were comparable to the
mean (Figure 2) in the upper 200 m. This finding is suggestive of a variable flow, with significant eddy and
meander activity. By comparison, the model standard
deviation at Dongara showed, like the observations,
maximum values near the main jet of the Leeuwin
Current, but a magnitude approximately 50–75% of
the mean flow in Figure 2. Such magnitude of discrepancies between POCM and observational estimates of
the standard deviation in circulation appears to be a
feature not just of the Leeuwin Current region but
throughout the global ocean (e.g. Semtner & Chervin,
1992; Stammer et al., 1996). On the basis of a detailed
comparison of the global POCM circulation with that
observed from satellite altimetry and hydrographically,
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Figure 2. Observed (Smith et al., 1991 – upper panel) and
model (lower panel) alongshore current off Dongara (29.5° S)
averaged over the period 20 May – 31 July 1987. Units are
cm s–1 and positive values indicated poleward flow. The offshore extent of the model plot has been restricted so that it
reaches just to the main jet of the Leeuwin Current, or
approximately the same extent as that for the observations.
On the right in each plot is the Western Australian coastal
bottom topography.

these authors conclude that both too-coarse resolution
and forcing data (including the need for improved
mixed layer physics) are obvious possibilities to
account for the weaker POCM circulation than
observed. However, the exact causes of the model deficiency in this regard remain unclear (Stammer et al.,
1996).
The average model alongshore current at Cape
Mentelle (Figure 3) over the 20 May – 31 July 1987
period is comparable in both magnitude and location to
the LUCIE observations of Smith et al. (1991). The
Leeuwin Current has a mean maximum alongshore
flow of 15–20 cm s–1 situated just offshore from the
shelf
break,
with
the
equatorward-flowing
Undercurrent (maximum speed over 5 cm s–1) located

214

Figure 3. As for Figure 2 except at Cape Mentelle (34° S).

beneath about 300 m depth. Further offshore near
111°–112° E (not shown), there is a secondary maximum in the model alongshore flow associated with a
large eddy (‘D’ in Figure 1) that develops off Cape
Mentelle. The zone of maximum standard deviation in
the model flow (not shown) lies between the main jet of
the Current and this eddy and, similar to the observations of Smith et al. (1991), is larger than the mean,
indicating a highly variable flow.
Comparison of LUCIE and model alongshore current
statistics for the period 12 February – 31 July 1987 at
various points off Cape Mentelle (Table 1) suggests that
the model flow may be a bit weaker than observed in
this region. However, given that Figure 3 shows that
the model and observed (Smith et al., 1991) Leeuwin
Current strength are comparable at Cape Mentelle over
the autumn/winter period (20 May – 31 July 1987), the
results in Table 1 suggest that it is during mid- to late
summer (February–March) that the model Leeuwin
Current is relatively weak compared to observations.
Indeed, examination of surface currents indicates that
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Table 1. Means and standard deviations of temperature (in °C) and alongshore current (in cm s–1) near Cape
Mentelle over the period 13 February – 31 July 1987 as observed during LUCIE (Smith et al., 1991) and from the
model. The distance offshore from the coast and the depth of each datum are given in columns 1 and 2
Location
Offshore
(km)

26
47
54
54
54

Alongshore Current (cm s–1)

Temperature (°C)
Depth
(m)

76
171
160
230
320

Mean

Standard
Deviation

Mean

Standard
Deviation

Obs

Model

Obs

Model

Obs

Model

Obs

Model

19.95
17.67
16.88
14.41
12.14

20.18
19.13
18.66
17.78
15.37

1.07
1.76
2.05
1.96
0.94

1.20
0.92
0.95
1.13
1.35

13.7
16.2
13.4
3.2
–3.8

12.5
9.4
8.4
4.9
–3.1

15.6
14.1
20.0
20.3
22.2

6.3
4.9
4.6
4.5
3.9

the model Leeuwin Current is somewhat weak in late
summer but strengthens during early autumn.

3.2. Temperature and salinity
Also listed in Table 1 are temperature statistics which
suggest that the model may have a tendency to be
warmer than observations beneath the surface. One
possibility is that this tendency for a warm bias in the
model may arise through the temperature boundary
condition having been derived from mean monthly SST
values of Levitus (1982) rather than representing those
observed during winter 1987. Smith et al. (1991) present temperature and salinity plots from observations
averaged over the period 4–19 August 1987 and taken
along 250 km transects out from the coast at latitudes
22°, 25°, 29.5°, 34° and 35° S. Similar model transects
have been computed for the same period, and it is
apparent that there is again a tendency to be warmer
than observations for depths less than about 600 m.
In the interests of brevity, and since the differences
between the model and observed temperature and
salinity fields are similar at each transect, only the
Dongara (29.5° S) transect has been shown. The temperature transect (Figure 4) indicates the warmer upper
600 m already mentioned, whereas for salinity (Figure
5), the model appears to have a tendency to be fresher
than observations in the upper 300 m and to be slightly
saltier than these at greater depths. There is evidence in
the model of a salty intrusion of South Indian Central
Water near the boundary between the Leeuwin
Current and the Undercurrent; however, the model
intrusion is less salty than the observed. Note from
Figures 4 and 5 that the warm and fresh model bias in
Leeuwin Current waters appears less at the surface
(22 °C POCM, ≥21 °C observed; 35.3–35.4 psu POCM,
(35.4 psu observed) than at greater depths (e.g., near
200 m depth, 18–21 °C POCM, 16–19 °C observed;
35.3–35.6 psu POCM, 35.4–35.8 psu observed). This
finding suggests that it is unlikely that the POCM
boundary condition of restoring to Levitus SST and

SSS is responsible for the warm and fresh model bias.
Examination of this Levitus data shows a SST of
20–21 °C and a SSS of ≤35.6 psu at the Dongara transect, which is similar to Smith et al. (1991) in SST but
slightly saltier for SSS, and thus is not likely to bias the
model to be too warm and fresh at the surface.
Instead, it seems likely that eddy behaviour on the
model Leeuwin Current and associated inshore flow
may account for this warm and fresh bias. As schematically shown in Figure 1, the Dongara transect in the
model is characterised by a coastal jet with a pronounced eddy ‘C’ just offshore. The latter is located on
the inshore edge of the main Leeuwin Current jet in the
model. Figures 6 and 7 show POCM surface currents
and SST for 19 July and 18 August 1987, about the time
of the observations in Figures 4 and 5. The surface current plots indicate that this coastal jet, located well
inshore of the main Leeuwin Current and extending
down to about 300 m depth, appears to originate partly
from the coastal flow near the North West Cape and
partly from the inshore edge of the meander pair ‘A’
and ‘B’ near Shark Bay (Figure 1). An average of the
model fields over the 4–19 August period in the Smith
et al. (1991) observations confirms this picture. Since
this coastal jet is transporting warmer and fresher tropical waters south, with little evidence of any entrainment of ambient cooler and saltier subtropical Indian
Ocean water, it seems plausible that the jet results in a
warm and fresh upper ocean bias in the POCM
Dongara transect (Figures 4 and 5).

3.3. Mixed layers
Another important aspect of observed Leeuwin
Current behaviour is the tendency for shallow mixed
layers in the north and relatively deep mixed layers in
the south driven by convective heat loss to the atmosphere from the warm surface (e.g. Godfrey & Weaver,
1991; Cresswell & Peterson, 1993). An alongshore
transect of temperature in mid-July 1987 (Figure 8, and
similarly for other times during autumn and winter
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Figure 4. Transects off Dongara (29.5° S) of temperature (°C)
as observed (upper panel) during LUCIE (Smith et al., 1991)
and from the model (lower panel) during 4–19 August 1987.
The offshore extent of the model plot has been restricted so
that it is approximately the same as that for the observations.
On the right in each plot is the Western Australian coastal bottom topography.

1987) shows that this meridional gradient in mixed
layer depth is present in the POCM Leeuwin Current.
Mixed layers of around 200–400 m depth are evident
near 35–38° S in Figure 8, similar to those in excess of
200 m depth observed by Cresswell & Peterson (1993)
during late autumn/early winter 1987 in this region.
The importance of these deep mixed layers is that their
associated convective overturn drives the equatorward
flowing Leeuwin Undercurrent (e.g. Figure 9 for the
model) at depths beneath about 250–300 m, and promotes the southward directed meridional steric height
(effectively, density) gradient responsible for the poleward flowing Leeuwin Current in the upper ocean.
Figure 9, and other intermediate depth current plots
(not shown), suggests that a significant part of the
model Undercurrent flows offshore to the south-west

216

Figure 5. As for Figure 4 except salinity (psu).

of Cape Leeuwin and that most of the remainder flows
west into the ambient Indian Ocean near Shark Bay.
Such behaviour is consistent with the significant shallowing of the mixed layers north of about 30° S, and
particularly north of Shark Bay (26° S) where there is
less convective heat loss to the atmosphere (Oberhuber,
1988; Godfrey & Weaver, 1991).

3.4. Alongshore volume transport
Table 2 lists values of the alongshore volume transport
of the Leeuwin Current at various transects as determined from the observed currents (Smith et al., 1991)
and from the model for various months. The model values have been determined across the main jet of the
Leeuwin Current rather than across a fixed span of longitudes starting near the coast owing to pronounced
meander and eddy activity. For March, the model
mesoscale variability is weak so there is little difference;
however, June and particularly August show significant
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Figure 6. Model surface current vectors and surface temperature (contour interval 1 °C) for 19 July 1987.

Figure 7. Model surface current vectors and surface temperature (contour interval 1 °C) for 18 August 1987.
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Figure 8. Model meridional transect of temperature (contour
interval 1 °C) along 112.2° E for 19 July 1987 showing deep
mixed layers in the south near Cape Leeuwin and shallow
mixed layers in the northern part of the Leeuwin Current.

meander and eddy activity. For example, much of
August is characterised by significant eddy-associated
equatorward flow inshore of, and in the opposite direction to, the main Current (e.g. Figure 7), which would
weaken the net alongshore volume transport if this
transport were computed for a longitude range starting
near the coast. Therefore, to obtain a more accurate
representation of the alongshore transport in the model
Leeuwin Current, a computation across the main jet
has been performed in each case.
In general, the model transport is less than that determined from the observed currents (Table 2), consistent
with the model currents being weaker than observed
(Figure 2, Table 1). It has been suggested (Stuart
Godfrey, 1998, pers. commun.) that the weaker model
transports and mean currents than observed may relate
to the model underestimating the alongshore gradient
of steric height that drives (e.g. Smith et al., 1991) the
Leeuwin Current. Comparison of the model values of
this parameter along the west coast with those derived
from the LUCIE field experiment (Smith et al., 1991)
are consistent with Godfrey’s suggestion. Smith et al.
quote an average value for this gradient along the west
coast during 1986/7 of 2.6 × 10–6 m s–2 with that for the
4–19 August 1987 period being 2.1 × 10–6 m s–2 (their
Figure 17). POCM output was not available for the
entire 1986/7 period but that for 4–19 August 1987
results in a gradient of 1.5 × 10–6 m s–2 or about 70% of
the observed value during this time. Thus, at least part
of the difference between the strength of the model and
observed Leeuwin Current appears related to the
weaker forcing (alongshore density gradient) in the
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Figure 9. Model current vectors at 435 m depth for 18 August
1987.

model, with the remainder possibly due to frictional
effects being overestimated in the simulation.
Table 2 suggests that during August both the observed
and model values tend to be stronger in the two southernmost transects. This is consistent with the idea that
the southern Leeuwin Current is augmented by
geostrophic inflow of offshore subtropical Indian
Ocean waters, in addition to the flow originating from
the North-west Shelf region (Smith et al., 1991). For
the earlier months, when such geostrophic inflow
might be expected to be less apparent, there is less evidence of increased transport in these southernmost
transects.

4. Mesoscale variability
One of the fundamental features of the Leeuwin
Current is its tendency to display pronounced
mesoscale (meander and eddy) activity (e.g. Legeckis &
Cresswell, 1981; Pearce & Griffiths, 1991). Observed
meander and eddy activity on the west coast Leeuwin
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Table 2. Alongshore volume transports (Sv = 106 m3 s–1)
of the Leeuwin Current as observed (Smith et al., 1991)
and computed from the model output at various
transects. A depth range of the Leeuwin Current from
the surface to 300 m has been assumed in the
calculations of the transport from both the observed
and the model currents. The transect distance refers to
the offshore distance (km) over which the transport is
computed
Quantity

Leeuwin Current through examining AVHRR SST
images. As it is sometimes difficult to clearly distinguish poorly defined structures, only those
eddy/meanders which were still clearly associated with
the Leeuwin Current have been counted, ignoring
‘relic’ eddies which may have earlier broken away from
the Current.

4.1. Offshore extent of west coast mesoscale
features

Transect latitude
22° S

25° S

29.5° S

34° S

March
Observed Sv (106 m3 s–1)
Model Sv (106 m3 s–1)
Transect distance (km)

4.0
2.5
203

3.1
2.4
254

5.9
2.0
178

4.4
1.7
186

June
Observed Sv (106 m3 s–1)
Model Sv (106 m3 s–1)
Transect distance (km)

—
3.0
330

—
4.9
254

6.5
2.5
158

4.2
4.4
152

August
Observed Sv (106 m3 s–1)
Model Sv (106 m3 s–1)
Transect distance (km)

1.4
0.6
330

3.7
2.0
115

5.2
3.8
89

4.4
2.0
63

Current during late autumn and winter 1987 can be
seen in Figure 10. Inspection of Figures 1, 6 and 7 suggests that the model generates a Leeuwin Current with
a number of eddy, meander and offshoot features. In
order to assess whether the model features are similar
in scale and frequency to those observed, a comparison
is made with estimates of these parameters obtained
from Advanced Very High Resolution Radiometer
(AVHRR) satellite imagery (e.g. Figures 10 and 11).
A significant difficulty with using satellite imagery to
monitor the Leeuwin Current during the austral winter
when the flow, and hence eddy activity, is expected to
be greatest, is cloud cover. For the 1987 June–August
period, which was a bit cloudier than usual, a total of 13
mesoscale features were detected on the west coast

Estimates of the offshore extent of the observed features over the 1987 June–August period indicate a
bimodal type distribution with apparent preferences
towards offshore extents of 150–250 km and 300–350
km respectively (Table 3). By comparison, the 17 distinct model eddy/meanders diagnosed from plots of
SST and surface current vectors (e.g. Figures 6 and 7)
for the period June–August 1987 also appear to show a
bimodal type distribution, but with one peak clustered
at an offshore extent of 150–200 km and the other at
about 400–500 km offshore (Table 3). These model
estimates were obtained by examining model surface
currents to see where these were no longer part of a distinct mesoscale feature but rather part of the ambient
flow and confirming this estimate with fine scale plots
of model SST gradients in the region.

4.2. Amplitude and wavelength of west coast
mesoscale features
Pearce & Griffiths (1991) derived several parameters of
mesoscale variability from AVHRR images taken during 1984 and 1985. These are the distance from the
outer edge of the feature to that of the main jet of the
Current (termed the amplitude), the alongshore dimension of the feature (termed the length), and the alongshore distance between features (termed the wavelength). Unfortunately, cloud cover made reliable estimation of the amplitude and length parameters difficult
for winter 1987, and POCM output is only available
from 1986 onwards so a direct comparison with the
Pearce & Griffiths (1991) observations is not possible.
However, it may be noted that values of the amplitude

Table 3. Frequency distribution (%) of the offshore extent of meanders (km) visible in AVHRR imagery for June
to August 1987 (total number counted: 13) as compared to those found in the model output for the corresponding
period (total number counted: 17). No meanders less than 150 km offshore extent were observed
Quantity

Observed frequency
Model frequency

Offshore extent (km)
150–
199

200–
249

250–
299

300–
349

350–
399

400–
449

450–
499

500–
549

>550

17
18

17
6

8
6

33
12

8
6

8
24

0
18

0
0

8
10
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Figure 10. NOAA Advanced Very High Resolution Radiometer satellite image for 18 August 1987. Cloud and land are
depicted in white, waters below 17 °C surface temperature in various shades of blue, and those of 18 °C and warmer in yellow
and red. The Leeuwin Current is the band of warm water running southwards near the shelf break (black contour) with meander and eddy features penetrating offshore.

Figure 11. As for Figure 10 except composited for 25 and 26 July 1987 (courtesy of Dr G. Cresswell). The image has been
received by the CSIRO satellite centre in Hobart, Tasmania; hence the different domain from Figure 10. Cloud is depicted in
white, the southern extremity of the Western Australian land mass in black, waters below 15 °C in various shades of blue and
green, and the Leeuwin Current and associated mesoscale features in various shades of yellow, orange and red (16–19 °C). The
black line just offshore from the coast indicates the approximate position of the shelf break.

and length derived for the model features were comparable to those derived for other years by Pearce &
Griffiths (1991).
The wavelengths of observed mesoscale features during
winter 1987 could be estimated from the AVHRR
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imagery and these were found to lie within the range of
175–475 km. By comparison, the range of wavelengths
of model features for March–October 1987 is 90–400
km, with an average of 210 km. Within that model
range, there appear to be two preferred wavelengths,
one around 135 km and the other around 345 km.

Leeuwin Current: model, observations and regional impacts
These values are consistent with observations by
Hamon & Cresswell (1972), Golding & Symonds
(1978) and Andrews (1983).

parison, the model shows no mesoscale activity in
May, one offshoot in June, and two during July and
August.

4.3. Seasonal variability in west coast mesoscale
features

4.5. Location of features and SST gradients

There is significant seasonal variability in the model
output for 1987 in terms of the number of mesoscale
features counted on the west coast. March and April
show two features, May three, June, July and
September five each, August the maximum of six, and
October two. Examination of AVHRR images (e.g.
Figures 10 and 11 and others) for late autumn/winter
1987 suggests that the observed west coast Leeuwin
Current had four mesoscale features in June and July,
and five in August and September. In the model, the
number of features appears related to the magnitude of
the flow and associated current shears, with currents
being noticeably weaker in the model in the months of
March, April and October compared to the winter
months.

4.4. Mesoscale features on the south coast
Once the Leeuwin Current rounds the south-western
tip of Australia and flows east towards the Great
Australian Bight, it tends to overlap the continental
shelf (e.g. Cresswell & Peterson, 1993) and often form
pronounced offshoots extending several hundred km
seawards from the main jet. Three such offshoots (near
115–116° E, 118–119° E, and 119–120° E) can be seen in
an AVHRR image (Figure 11) for 25 and 26 July 1987;
further examples for winter 1987 are evident in images
presented by Cresswell & Peterson (1993). Figures 6
and 7 indicate that the POCM also shows the main
Leeuwin Current jet to be located over the shelf with
seaward offshoots.
Examination of AVHRR images for early July and
August (not shown) together with Figure 11 and those
in Cresswell & Peterson (1993) provides estimates of
the scales of various mesoscale features on the south
coast (to about 121° E). These images show three offshoots on the Leeuwin Current in this region and suggest wavelengths in the range 150–250 km, lengths of
order 80–200 km, and amplitudes of order 100–200 km.
Examination of the model fields shows two offshoots
which are separated by about 200 km (wavelength),
have lengths around 150–200 km, and amplitudes of
order 150–200 km. The images in Cresswell & Peterson
(1993) suggest that there may be some seasonal variation in mesoscale activity on the south coast (at least
during 1987) in that May, June and August showed
three offshoots, whereas April had a single offshoot
and an image for early March shows no offshoots.
Images for 5 and 6 July (not shown) and 25 and 26 July
(Figure 11) also showed three offshoots. By com-

Both the location of mesoscale features and their associated temperature gradients are important in terms of
regional impacts of the Leeuwin Current such as fisheries (e.g. transport of western rock lobster larvae by
eddies and nutrient distributions) and air–sea interaction (e.g. enhanced latent and sensible heat fluxes over
warm eddies). Figure 10 indicates that, during midAugust 1987, the west coast Leeuwin Current had an
anticyclonic eddy of approximate diameter 150 km
located north-west of Perth, a smaller meander and filament further south, and two large anticyclonic meanders south-west and west of Shark Bay respectively. By
comparison, the model (Figures 1, 6 and 7) had anticyclonic eddies (‘C’ and ‘D’) north and south of Perth as
well as two large anticyclonic meanders (‘A’ and ‘B’)
near Shark Bay at about this time. POCM eddy ‘C’
corresponds reasonably closely to the observed feature
north-west of Perth but is larger (diameter about 300
km). The SST gradient across POCM eddy ‘C’ (Figures
6 and 7) is about 3 °C/100 km on the western edge and
1.5 °C/100 km on the eastern edge. About the same
gradients (4 °C/100 km on the western edge, and 2 °C
on the eastern edge) can be estimated from Figure 10
for the observed eddy. Similarly, the southern edge of
the offshore large meander southwest of Shark Bay
represents a SST gradient of about 2.5 °C/100 km
(Figure 10), whereas that on the southern edge of
POCM meander ‘B’ is approximately 3 °C/100 km. On
the south coast, the POCM output shows an offshoot
‘E’ near 115°–116° E, and another downstream near
119°–120° E (Figures 6 and 7) while AVHRR images
for July and August (Figure 11 and Plate Ih in
Cresswell & Peterson, 1993) indicate offshoots near
115°–116° E (similar location to ‘E’ in Figure 1),
118°–119° E, and near 120° E. It was also found that
these model offshoots tended to migrate with time,
similar to what is observed (Cresswell & Peterson,
1993). An estimate of the gradient across the edge of the
offshoot at 115°–116° E in Figure 11 is about 4 °C/100
km, while that across the similarly located POCM feature ‘E’ is about 3.5 °C/100 km.

4.6. Overview of mesoscale variability
Based on the foregoing, it appears that spatial scales and
frequencies of occurrence of the model mesoscale features on the west and south coasts, as well as their associated gradients in SST, are broadly consistent with
observational estimates from AVHRR images. It can
also be noted that the time scale of generation of the
POCM features from initial perturbation in the flow,
life span of individual features, and dissipation scale
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were found to be consistent with what is estimated
observationally from these images. That is, a period of
1–2 months for the feature to evolve from an initial perturbation into a pronounced meander or eddy, followed by a month or so as a mature feature, before dissipating over a period typically less than a month.
Having presented evidence that the Leeuwin Current
in the POCM contains many realistic features, some
applications relating to the regional impact of this
Current are now discussed.

5. Potential applications
As discussed in the Introduction, the Leeuwin Current
appears to have a significant impact on its regional
environment, most notably in terms of coastal fisheries
and water quality, and regional climate. For coastal
fisheries and water quality, it is the meander/eddy
behaviour of the Leeuwin Current that is particularly
important as these features promote the exchange of
waters between the coastal zone and the ambient ocean.
Since cloud cover often restricts close monitoring of
eddy behaviour by satellite, models are an important
tool. Application of information from the POCM in
this regard may be envisaged in both a dynamical and a
statistical sense to provide useful information not
obtainable from a stand-alone regional model. In the
former approach, one may choose to nest a higher resolution coastal ocean model within a suitable domain
whose boundary data are governed by fields from the
POCM. Such an approach is essentially the same as that
used in many regional atmospheric model applications
and avoids the difficulty with boundary conditions in
stand-alone regional models as well as having the
advantage of transmitting appropriate mean flow and
eddy signals from the wider Indian Ocean into the
domain of interest. With this approach, however, one
may be restricted to ‘hindcast’ applications in the sense
of improving understanding about the nested domain
for periods that the POCM data is available (currently
1987–1995). In terms of nowcast or forecast type applications using POCM output, some sort of statistical or
statistical-dynamical approach could be used. By the
latter, it is suggested that one could apply a higher resolution model in nowcast or forecast mode nested
within POCM output, provided that the domain
boundaries were far enough away from the region of
interest that the POCM solution had no direct influence on the solution, but simply encouraged realistic
eddy generation.
An alternative to this potentially computationally
expensive approach is to derive probability distributions of the Leeuwin Current mesoscale variability
from the POCM and use these in statistical models to
assist with fisheries and water quality applications. In
these applications, it is useful to know how often eddies
occur, whether there are preferred locations of eddies,
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and how the eddy behaviour might be related to large
scale atmospheric and oceanic variations such as during
El Niño and La Niña events. Pearce & Phillips (1988)
have shown a correlation between the numbers of
western rock lobster pueruli caught on artificial seaweed collectors at Seven-Mile Beach near Dongara and
the Southern Oscillation Index (SOI); however, the
details of how the associated flow with its inherent
eddy activity contributes is not well understood. To
improve understanding of the links between fisheries
and physical properties and subsequent predictive
capability, one could firstly, investigate the relationships between the SOI or other measures of interannual
variability and eddy distributions and scales in the
POCM, and secondly, apply such information to relate
to more detailed geographical distributions of fishery
stocks.

6. Impacts on regional meteorology
Both the mean flow of the Leeuwin Current and its
mesoscale variability may be important for regional
weather and climate. Heat flux climatologies (e.g.
Oberhuber, 1988) show the south-eastern Indian
Ocean, particularly in the region of the southern
Leeuwin Current, to be an area of substantial heat loss
to the atmosphere. Gentilli (1991) has provided a thorough examination of the relatively wet coastal climate
of subtropical Western Australia and concluded that it
is the effect of the mean Leeuwin Current flow in preventing cold upwelled water that is significant.
Evidence for the influence of the Leeuwin Current on
promoting offshore location of the dominant summer
and autumn synoptic pattern, the West Coast Trough,
and thereby increasing air temperature near the coast
has been given by Reason (1996).
Using a similar quasi-geostrophic model to Kepert &
Smith (1992), Reason (1996) found that the West Coast
Trough would tend to be located onshore if the coast of
Western Australia had upwelling such as occurs along
other subtropical west coasts. The significance of an
onshore location is that it enables sea breezes to
develop near the coast so that communities like Perth
do not experience the hot, dry easterly winds, and it is
also more favourable for instability and potential convective rainfall inland. It was also found (Reason, 1996)
that the warm surface waters of the Leeuwin Current
could influence a preferred offshore location of the
model West Coast Trough not just by overwhelming
coastal upwelling but also by virtue of shifting the relative maritime cooling farther seaward in autumn and
early winter, those times of year when the Leeuwin
Current is strongest, its SST warmest relative to the
continental surface temperature, and the observed West
Coast Trough often found offshore.
Furthermore, it is conceivable that the presence of large
eddies of warm Leeuwin Current near the coast may
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act to locally promote atmospheric instability and
enhance mesoscale weather systems. For example,
Australian Bureau of Meteorology records show that
much of the southern west coast region of Australia
experiences between 10 and 20 thunderstorms per year,
with the region extending from near Perth to Cape
Leeuwin having up to 40 such days per year, high in
comparison to subtropical west coast regions of South
Africa and South America at similar latitudes.
Forecasting experience (Australian Bureau of
Meteorology Perth Regional Office, pers. commun.)
suggests that anomalously warm coastal SST, due for
example to an inshore meander/eddy on the Leeuwin
Current, may be related to heavy rainfall events
onshore. Taking a conservative estimate of 2 °C difference between coastal SST and local air temperature on
a given winter’s day (winter being the season of most
rain in south-western Western Australia) suggests a net
latent and sensible heat loss to the atmosphere of about
70–75 W m–2, which if averaged over the 30,000 km2
estimate of the area in a typical eddy, represents a significant transfer of heat. To demonstrate these links
between the Leeuwin Current and the regional meteorology more conclusively would require more comprehensive data than is currently available (e.g. see Gentilli,
1991 for a discussion of this point) together with
appropriate analyses using regional atmospheric models. The latter could involve forcing of a mesoscale
numerical model with both idealised and realistic representations of SST patterns associated with the
Leeuwin Current and its eddies, and some aspects of
such work is in progress. Given the previously mentioned link with the West Coast Trough location, forecasting experience, and the significant observational
evidence for low frequency variability in south-west
Western Australian rainfall (Allan & Haylock, 1993),
further study of links between the Leeuwin Current
and regional weather and climate is certainly warranted.

However, on the west coast, the model Leeuwin
Current tended to be weaker than observed during
mid-summer to mid-autumn 1987, and to show a warm
and fresh bias which was greater at sub-surface depths
than at the surface. On the western margins of the
south coast, it appeared that this bias was smaller.
Strengthening of the model Current occurred in late
autumn and winter; however, it was still a bit weaker
than observed then. It has been suggested that at least
part of this discrepancy may relate to a weaker alongshore density gradient (the driving mechanism for the
Leeuwin Current) in the model than observed.

7. Conclusions

The current work has investigated the ability of the
POCM of Semtner and Chervin to generate and maintain a realistic Leeuwin Current and Undercurrent and
their associated mesoscale activity. On the basis of the
results presented here, it appears that output from this
model offers a useful source of information for learning
more about the behaviour of this unique eastern
boundary current system and its variability, and for
improving understanding of regional impacts. The
most important of these impacts relate to coastal fisheries and water quality, and to regional weather and climate. It has been suggested above that POCM output
can be used either as boundary conditions for a nested
model application, or in a statistical approach, to investigate such impacts in more detail. The advantages of
investigating these impacts via applications of POCM
output rather by than simply applying a stand-alone
coastal ocean model include the following.

Comparison of output from the 1⁄4° Parallel Ocean
Climate Model (POCM) of Semtner and Chervin with
available satellite and hydrographic data off Western
Australia during autumn and winter 1987 suggests that
this model generates and maintains a Leeuwin Current
and Undercurrent with many realistic features. These
include:
(a) The model location and depth distribution of these
currents.
(b) Typical gradients in surface temperature and salinity.
(c) Eddy and meander activity and their temporal variability.
(d) The meridional variation in mixed layer depths
along the model west coast of Australia.

Various mesoscale meanders, eddies and offshoot features formed along the model Leeuwin Current south
of about 22° S (as in reality, more mesoscale features
occur in the southern half of the model Leeuwin
Current) and around Cape Leeuwin towards the Great
Australian Bight. Comparison of various scales of
mesoscale variability between the model and those
derived from AVHRR data for the west coast suggests
that the model is capable of generating and evolving
such features with some degree of realism during the
autumn and winter months. Mesoscale variability and
the current itself were weak in the model during
February and March 1987 (the earliest months examined). Satellite images of the southern west coast and
south coast (Figure 11, Plates Ia-h of Cresswell &
Peterson, 1993) indicate several meander and offshoot
features on the Leeuwin Current in November 1986,
February, March, and April 1987, with an increase in
the number of such features during the austral winter.
After March, the model generated a realistic number of
mesoscale features, and these had values of length scale,
amplitude, wavelength and offshore extent consistent
with observations from the winter AVHRR images.
Also consistent with these observations, the time scale
of evolution of features from the initial perturbation
generally appears to be about 1–2 months, and that of
decay typically about 1 month.
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(a) It enables interactions with the wider Indian Ocean
and western Pacific (known to be important for the
Leeuwin Current) to be directly represented.
(b) It avoids the use of often troublesome boundary
conditions in regional ocean models.
(c) It allows the entire Leeuwin Current system from
the north-west continental shelf along the coast
well into the Great Australian Bight to be included,
and hence the different flow regimes on the west
and south coast to be studied.
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Appendix. Further details of the Parallel Ocean
Climate Model (POCM)
The model bottom topography has been improved by
the POCM modelling group since that reported in
Semtner & Chervin (1992) through taking a bathymetric data set at 1⁄12° and averaging the depth values that fell
within a given model grid box. POCM has a free surface, obtained via the formulation of Killworth et al.
(1991), whereby the sea level pressure, or equivalently
surface elevation, is treated as a prognostic variable.
Mixing in the model is parameterized in the vertical
with the Pacanowski & Philander (1981) scheme. In the
horizontal, scale-selective biharmonic mixing with a
momentum coefficient of 1.1 × 1012 m4 s–1 and a diffusive coefficient of 5.0 × 1010 m4 s–1 is used (Semtner &
Chervin, 1992; Stammer et al., 1996).
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