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Abstract. We present a new ultra-high resolution 1/30°
(~ 3 km) regional ocean model of the eastern Australian re-
gion and evaluate the performance of this model against two
1/10° (~10km) models as well as a suite of satellite and
in situ observations. We evaluate model biases in the con-
text of (i) submesoscale-permitting (~ 3 km) vs. mesoscale-
permitting (~ 10km) horizontal resolution and (ii) differ-
ences between version 5 and version 6 of the Modular Ocean
Model (MOMS5 vs. MOMO) to assess the added value in each
case and determine the suitability of our higher resolution
model for scientific research. There are some consistent bi-
ases shared by the two regional MOMG6 configurations, and
also in the higher resolution configuration that are not seen
in the lower resolution models. These biases are further in-
vestigated with two sets of sensitivity experiments to un-
derstand the effect of submesoscale eddy parameterization
and imposed dynamic viscosity at a submesoscale-permitting
resolution. The high-resolution simulation has much higher
variance compared to the lower resolution simulations across
all evaluation metrics, indicating that the greater spectrum of
length scales also manifests in more variability in the tem-
poral domain. The two MOMG6 regional configurations of
differing resolution appear to be more aligned than the re-

gional (MOMG6) and global (MOMS) 1/10° configurations
in most results, reflecting the substantial changes made to the
MOM between version 5 and version 6. Importantly, we also
show that higher resolution is not a panacea: in regions where
key dynamics are quasi-linear and well-captured captured by
coarser grids (e.g., the EAC jet), further refinement may of-
fer limited benefit — and actually degrade the performance if
parameterizations are not appropriately tuned.

1 Introduction

The East Australian Current (EAC) is a western boundary
current (WBC) that begins as a coherent poleward jet along
the shelf break off north-eastern Australia (from 15°S) be-
fore separating from the shelf typically around 32°S and
forming large mesoscale eddies that tend eastward towards
New Zealand, or poleward along the south-east Australian
margin (Godfrey et al., 1980). The EAC has a leading order
influence on the physical, biological and nutrient conditions
in the shelf waters of eastern Australia (Roughan et al., 2022;
Suthers et al., 2011; Chapman et al., 2024). Although the up-
stream jet component of the EAC has not changed signifi-
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cantly over the past half century (Sloyan and O’Kane, 2015;
Sloyan et al., 2024), this steadiness does not extend pole-
ward into the separation region and downstream eddy field
which have changed markedly. The separation of the EAC
is tending to occur at its poleward limit more often (Cetina-
Heredia et al., 2014), whilst the energetics associated with
separation and the episodic eddy shedding have intensified
(Li and Roughan, 2023; Malan et al., 2021). Downstream
of this region, along the most densely populated part of the
Australian coastline, a strengthening eddy field has driven
an ocean warming rate well above the global average for the
past century (Ridgway, 2007; Li et al., 2022a). Our under-
standing of the processes connecting the offshore warming to
the nearshore regions of south-east Australia is still limited,
and urgent attention targeting this rapidly changing system
is needed to inform decision making on seasonal to decadal
time scales.

Much of what we currently understand about ocean-shelf
connectivity in the EAC system has been derived from a
long-standing configuration of the Regional Ocean Mod-
elling System (ROMS; Kerry et al., 2016). Here, we describe
the development of an alternative regional model based
on the Geophysical Fluid Dynamics Laboratory’s (GFDL’s)
Modular Ocean Model, version 6 (MOMS6) at a nominal 3 km
resolution. Following the recent approach taken in MOMG6
regional modelling of the north-west Atlantic (Ross et al.,
2023) and the north-east Pacific (Drenkard et al., 2024), we
have opted for a “coastwide” model domain that encapsulates
the entire EAC system and the eastern boundary of Australia.
The previous ROMS modelling of this region has focused on
a spatial subset centred around the EAC separation point that
neglects the upper and lower limits of the EAC and adjacent
coastline. Chapman et al. (2025) identified an upstream con-
trol through eddy-jet interactions that can substantially mod-
ulate the conditions in the eddy-dominated EAC extension
region, highlighting the importance of resolving the EAC’s
origins to the north. The southern half of the EAC extension
is where physical and ecological changes are most acceler-
ated and many species range distributions are already con-
tracting significantly (Ling et al., 2009). While our MOM6
regional model is not expected to outperform ROMS in all
aspects of the overlapping domains, we believe the challenge
of understanding the EAC’s influence on eastern Australia, in
the context of a rapidly shifting large-scale mean state war-
rants exploration through complementary modelling frame-
works to build a more robust understanding of ocean-shelf
connectivity. Furthermore the fact that ROMS is a terrain-
following vertical coordinate model while MOMG6 adopts the
novel Arbitrary Lagrangian Eulerian (ALE) coordinate sys-
tem of Griffies et al. (2020) is likely to reveal some differ-
ent insights into the dynamics, particularly along the steep
topographic gradient of the continental slope (Haney, 1991;
Haidvogel et al., 2008).

We assess the improvements gained in modelling the EAC
system at higher resolution — specifically focusing on the
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four key dynamical regimes of this system: the coherent EAC
jet; the highly variable EAC separation point; the energetic,
eddy-dominated EAC extension region and the narrow con-
tinental shelf. We hypothesize that increasing horizontal res-
olution will provide the greatest benefits (in terms of reduc-
ing model bias) in the turbulent eddy field of the EAC ex-
tension, whereas upstream, the quasi-linear dynamics of the
EAC jet are already well resolved at 10 km, likely leading to
diminishing returns for further resolution increases in the jet
region. The separation dynamics of the EAC are driven by
the growth of barotropic and baroclinic instabilities, while
typically barotropic instabilities dominate (Mata et al., 2006;
Bowen et al., 2005; Bull et al., 2017; Li et al., 2021). Increas-
ing the resolution should allow a better representation of both
instability pathways, likely improving the modelled separa-
tion and eddy shedding dynamics. The growth of instabilities
during EAC eddy shedding events in the separation latitudes
will be sensitive to the choice of horizontal viscosity. We will
explore how the 3 km model responds to changes in this pa-
rameter choice, as well as changes in the length scale as-
sociated with the mixed layer eddy (MLE) parameterization
(Fox-Kemper et al., 2011). The results from this study will
provide the ocean modelling community with a new test case
for the MOMG6 regional modelling framework, advance our
understanding of parameter sensitivity in western boundary
currents, and establish a foundation for future investigations
into the EAC’s role in shaping nearshore physical and bio-
geochemical variability.

The remainder of the paper is structured as follows: Sect. 2
details the approach taken in configuring a two-tier nested re-
gional MOMG6 configuration, along with the rationale behind
a set of two sensitivity tests to assess parameter choices when
moving to submesoscale-permitting resolutions. Section 3
presents the results of the model evaluation and sensitivity
experiments, while Sect. 4 discusses the conclusions and pro-
vides recommendations for high-resolution modelling and
the tuning of subgrid-scale parameters.

2 Methods

Here, we introduce the two-tier nested model suite for the
EAC region which we developed following a similar ap-
proach to Herzfeld et al. (2011), and then outline the set of
parameter sensitivity experiments we carried out to further
explore the biases in the nested configuration.

2.1 Two-tier nested suite

The hierarchical design of the nested modelling suite is
shown in Fig. 1, and consists of a “parent” global model,
enclosing a large regional model, further enclosing a small
regional model that spans the entire EAC system. The global
model used is the Australian Community Climate and Earth
System Simulator — Ocean Model v2 1/10th degree horizon-
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tal resolution configuration (hereafter referred to as OM2-01)
(Kiss et al., 2020), which uses a Mercator grid, such that the
horizontal grid spacing scales with cosine of latitude. The
large regional model named “STHPAC10K” (referring to the
partial basin-scale “South-west Pacific” that it encompasses)
takes the horizontal and vertical grids, topography and open
boundary forcing directly from OM2-01. The higher reso-
lution model of the East Australian current region, named
“EACO3K” has horizontal resolution three times higher in
both zonal and meridional directions (i.e., nine grid cells
for every one in STHPAC10K), 25 more vertical levels, an
updated topography dataset (GEBC02022 vs. GEBC0O2014;
Kapoor, 1981), and takes open boundary forcing from STH-
PAC10K. Both regional models adopt the Mercator grid pro-
jection of the OM2-01 global model. We have chosen to use
the metric of distance (e.g., “EAC03K”, “STHPAC10K”),
rather than degrees (e.g., “EAC-003”, “STHPAC-01") as the
naming conventions for our regional models. Throughout this
paper, when discussing differences between the coarser mod-
els (OM2-01, STHPAC10K) and the high resolution model
(EACO03K), we will use the terms “10 km models” and “3 km
model” respectively. Our regional simulations have been
configured using the regional-mom6 software package
described by Barnes et al. (2024).

Table 1 summarizes the key parameters used in the parent,
large regional, and small regional models. For the MOM®6
regional models in our initial nesting experiment, we adopt
most parameter choices taken in Adcroft et al. (2019).
MOMG6 employs a generalized vertical coordinate framework
based on the Arbitrary Lagrangian-Eulerian (ALE) method,
in which the ocean state is first advanced using a vertical
Lagrangian timestep and is then periodically regridded and
remapped onto a prescribed target grid (Adcroft et al., 2019;
Griffies et al., 2020). The z* coordinate system employed
by Kiss et al. (2020) for their OM2-01 configuration is the
chosen target grid in our regional models, for consistency
with the parent model, and for its improved representation
of the steep bathymetric gradients when vertical resolution
permits. For all models, the vertical resolution is finest in the
upper ocean, and coarsens with depth. The number of layers
is guided by Stewart et al. (2017), considering the baroclinic
modes resolved by the horizontal grid, and ensuring the verti-
cal grid is capable of resolving the vertical structure of those
horizontal modes. Stewart et al. (2017) note that 50 levels is
sufficient for resolving the first baroclinic mode, with an ad-
ditional 25 levels required for each further mode. In the next
section we will show that 3 km horizontal resolution over the
EAC domain can approximately resolve up to the third baro-
clinic deformation radius — hence justifying the use of 100
vertical levels for this configuration.

The different horizontal grid schemes between the MOMS
and MOMBS6 is a major source of discrepancy between the
two 10 km models compared in this study. The parent global
model employs an Arakawa B grid, while the MOMG6 based
regional models employ Arakawa C grids (Arakawa and
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Figure 1. Map demonstrating the two-tier nesting approach taken
for our MOMBS6 regional modelling endeavour. The outer dashed
box delineates our 10th degree (10 km) large regional model named
STHPACI10K. The inner dashed box encapsulates our 30th degree
(3km) small regional model named EACO3K. The shading shows
a snapshot of surface speed across the three models to demonstrate
the effectiveness of the open boundary conditions in transmitting
signals into and out of the model domains (noting that our models
are only one-way nested).

Lamb, 1977). In B grids, the velocity points are co-located
in the north-west corner of the grid cell, whereas in C grids,
the u and v points are offset to the eastern and northern edges
of the grid cell respectively. At coarse resolutions, this stag-
gering of the velocity components in C grids can introduce
numerical errors, particularly in the representation of large-
scale balanced flows (Griffies et al., 2000). For this reason, B
grids have historically been preferred in global models with
coarse resolution (Griffies et al., 2000). However, C grids of-
fer significant advantages at higher resolutions — especially
in their ability to more accurately represent energy cascades
and the nonlinear dynamics of baroclinic eddies. Since cap-
turing these eddy processes is a key goal of the EACO3K con-
figuration, the use of MOMS6 and the C grid is well aligned
with the scientific objectives of our study.

2.1.1 Horizontal resolution

The choice of horizontal resolution for EAC0O3K was based
on the length scales that we are interested in resolving within
the EAC system. To understand the range of dynamics that
we expect to resolve, one must consider the horizontal grid
spacing with respect to the internal deformation radii of the
region (Hallberg, 2013). This relationship is approximated

Geosci. Model Dev., 19, 3853-3873, 2026
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Table 1. Summary of model configuration choices for the double-nested experiments (adapted from Ross et al., 2023).

Model Configurations

Parameter ACCESS-OM2-01

STHPAC10K

EACO03K Reference

Vertical coordinate 75 layer z* 75 layer z*

100 layer z* Stewart et al. (2017)

Horizontal grid Arakawa B; 1/10

Arakawa C; 1/10

Arakawa C; 1/30  Arakawa and Lamb (1977)

Topography GEBCO02014 GEBCO02014 GEBC02022 Kapoor (1981)

Baroclinic time step 540 900 450

Thermodynamics (+ 540 1800 900

Tracer) time step

Biharmonic Viscosity:
Smagorinsky coeff.  2.00 0.06 0.06 Griffies and Hallberg (2000)
Resolution 0.04 0.01 0.01 Adcroft et al. (2019)
dependent (ms™ 1 )

Boundary Conditions NA
Sea level and Flather Flather Flather (1976)

barotropic velocity

Baroclinic velocity

Orlanski, Nudged

Orlanski, Nudged  Orlanski (1976)

Tracers Reservoir

Reservoir

ey

where Ly, 1 is deformation radius of the first baroclinic mode,
cg is the associated gravity wave speed, f is the Coriolis pa-
rameter, and 8 = df/dy is its meridional gradient. The ap-
proximate grid size A is taken as the average of the grid
length along the two horizontal axes, Ax and Ay.

We show the spatial distribution of the first baroclinic de-
formation radius in Fig. 2a, whereby typical open ocean val-
ues exceed 90 km towards the equator, and contract poleward
to around 20km in the mid-latitudes — primarily controlled
by the increased effect of the Coriolis parameter towards the
poles. The ratio of this length scale to the respective grid
spacings of the two resolutions is shown in Fig. 2b, where
the difference between the two models is very clear. The hor-
izontal resolution of the 10 km models (STHPAC10K and
OM2-01) yields a Lq,1/Ax ratio of approximately 2.5 across
most latitudes, while the EACO3K model exceeds a ratio of
6 throughout (Fig. 2b). According to Hallberg (2013), a ratio
of at least 2 is sufficient to omit the Gent-McWilliams (GM)
mesoscale eddy parameterization (Gent et al., 1995), as the
grid is fine enough to partially resolve large-scale eddy ef-
fects. This justifies the exclusion of GM in our 10 km con-
figuration. However, resolving the full dynamical influence
of mesoscale eddies on the general circulation — particularly
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their energy cascades and interactions with topography — re-
quires finer resolution. Hallberg (2013) recommend a ratio of
6 for this purpose, and EACO3K meets this criterion across
the entire domain (Fig. 2b). At this resolution, the model
can begin to capture higher-order baroclinic modes, likely
resolving up to the third baroclinic mode in the open ocean,
and on the order of the first baroclinic mode over the shelf
(Hallberg, 2013). Combined with the increased vertical res-
olution (Stewart et al., 2017), this horizontal resolution leads
to a well-resolved mesoscale regime for EACO3K through-
out the domain, whereby scale interactions are free to self-
regulate without diffusive parameterizations suppressing the
variability. Hallberg and Gnanadesikan (2006) demonstrate
that explicitly resolving mesoscale eddies leads to increased
transport within these coherent features. We anticipate this
will lead to an improved representation of the EAC exten-
sion eddy field, and subsequent improvement in temperature
variability both inshore and offshore of the continental shelf
along south-eastern Australia (Malan et al., 2020).

2.1.2 Forcing

To ensure consistency across model configurations, the two
regional models use the same atmospheric forcing as the
global model (OM2-01): version 1.5 of the Japanese Re-
analysis for Driving Oceans (JRA55-do v1.5; Tsujino et al.,
2018). The historical simulations span 1990-2020, using in-
terannual forcing (IAF) to capture the large-scale climate

https://doi.org/10.5194/gmd-19-3853-2026
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Figure 2. (a) First baroclinic mode Rossby radius of deformation (Lg,1) for the EAC domain. (b) Ratio of zonally averaged deformation
radius to the model grid spacing for EACO3K (red) and 10 km models (STHPAC10K, OM2-01) (blue). Vertical red dashed line in panel (b)
shows the ratio value of 6 identifying where the first three baroclinic modes are approximately resolved.

variability and long-term change over three decades. Surface
momentum fluxes are computed online within MOMG6 from
these prescribed atmospheric fields using a relative-wind for-
mulation, such that the applied wind stress depends on the
difference between the 10m wind and the model surface
ocean velocity. In an ocean-only configuration, this relative-
wind formulation is expected to reduce the net wind work on
the ocean circulation, and can damp mesoscale eddy variabil-
ity relative to simulations forced with direct winds (Renault
et al., 2016).

Tidal forcing and river inputs are omitted in the regional
configurations, as our focus is on the deep ocean circula-
tion’s influence on shelf conditions, and river runoff in the
Australian region is relatively low. We are primarily inter-
ested in the ocean dynamics governing connectivity across
the shelf break and not necessarily the localised processes
driving variability within the inner shelf region (< 200 m).
Previous studies of different sections of the shelf along east-
ern Australia have found very little influence from tidal and
river forcing on shelf conditions away from the estuaries and
inner shelf (Oliver et al., 2016; Li et al., 2022b).

2.2 Parameter Sensitivity Experiments

Two sets of parameter sensitivity experiments were per-
formed using EACO3K in order to improve our understand-
ing of model sensitivity to the mixed-layer eddy restratifica-
tion and dynamic viscosity at submesoscale-permitting grid
resolutions. Due to computational constraints, these experi-
ments had a shorter duration of 10 years. However global di-
agnostics indicate the simulations reached a relatively steady
state after about 2 years (not shown). Furthermore, two addi-
tional tests were conducted to address (i) senstivity to bound-
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ary conditions (BCs): does the interior solution change if we
force the EACO3K configuration with OM2-01 rather than
STHPACI10K? and (ii) sensitivity to initial conditions (ICs):
does initialising the EACO3K configuration from a 10 year
long repeat year spin-up improve the solution?

2.2.1 Mixed-Layer Eddy Parameterization

The first sub-grid parameterisation sensitivity experiment
concerns the Mixed-Layer Eddy (MLE) scheme. In MOMG6,
this scheme acts to restratify the mixed layer in the pres-
ence of sharp horizontal buoyancy gradients (Fox-Kemper
et al., 2011), and has been shown to influence mixed-layer
structure and sea surface temperature, particularly in coarser-
resolution models where mixed-layer eddies are unresolved
(Adcroft et al., 2019; Ross et al., 2023). Here, however,
our aim is not to evaluate MLE in that established coarse-
resolution setting, but to test whether it remains influential in
the 3km EACO3K configuration, where submesoscale vari-
ability is partially resolved and some mixed-layer restratifi-
cation processes may begin to be represented explicitly.

The sensitivity of this scheme is controlled by a single di-
mensional parameter, the frontal length scale, which is on the
order of the mixed layer deformation radius, N H/f (where
N is the buoyancy frequency and H is the mixed layer depth)
and acts as a lower bound upon which a mixed-layer over-
turning streamfunction is scaled via

2

where As is the model horizontal grid scale, and the frontal
length scale is chosen as
Li=max (NH/|f|, Lt,min) - 3)

Geosci. Model Dev., 19, 3853-3873, 2026
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Table 2. Sensitivity experiments performed to assess two important
parameterizations influencing the model fidelity.

Group  Experiment Name Fontal Length ~ Smagorinsky
Name Scale Coefficient
MLES00 500 0.06
MLE  MLEI1500 (VISC-H) 1500 0.06
MLE-OFF n/a 0.06
VISC VISC-H (MLE1500) 1500 0.06
VISC-L 1500 0.015

The base value for the nested simulations was L pmin =
500m (Adcroft et al., 2019), whilst we run two additional
sensitivity experiments, with Lt min = 1500 m and with the
parameterization turned off entirely (Table 2). A larger min-
imum length reduces the influence of the parameterization,
and the mixed layer will not restratify as much in response to
strong horizontal gradients. This is expected to have an im-
pact on the SST long-term statistics. It is uncertain whether
the scheme is needed at higher resolutions, hence turning it
off will reveal insights into the model’s ability to resolve pro-
cesses associated with large mesoscale eddy strain.

In order to investigate the influence of the Fox-Kemper
MLE parameterization (Fox-Kemper et al., 2011), we ad-
ditionally assessed biases in the mixed layer depth (MLD)
against the Global Ocean Reanalysis and Simulations (GLO-
RYS12V1; (Lellouche et al., 2021) reanalysis product. This
reanalysis was chosen due to its high resolution and duration
spanning the majority of our model duration, with a start date
of 1993.

2.2.2 Dynamic Viscosity

The second sensitivity test assess the model response to the
dynamic viscosity parameterization, referred to throughout
as VISC. Numerical modelling of WBC regimes has histori-
cally revealed a large sensitivity to the horizontal viscosity
parameterization used in the model. In the Euler momen-
tum equations of geophysical fluid dynamics, viscosity acts
to dampen the linear terms, and suppress growth of the non-
linear terms whilst the precise nature of the effect depends
on whether a Laplacian or biharmonic velocity scaling is
employed (Griffies and Hallberg, 2000). The biharmonic ap-
proach has proven to be most effective at suppressing grid-
scale noise whilst preserving energy at large scales and is
used with the Smagorinsky dynamic viscosity scheme for
all configurations in this paper (Griffies and Hallberg, 2000;
Smagorinsky, 1963).

Ross et al. (2023) note a strong sensitivity of the Gulf
Stream separation in their MOMS6 based regional model to
the biharmonic viscosity whereby higher viscosities lead to
a more poleward separation of the WBC, whilst lower vis-
cosities lead to an earlier, equatorward separation. They note
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this viscosity response to be typical and consistent with ear-
lier studies (e.g., Bryan et al., 2007; Chassignet and Garraffo,
2001). However Tilburg et al. (2001), albeit using a simpli-
fied 1.5 layer reduced-gravity linear model of the EAC sys-
tem, found the opposite effect — a weaker viscosity led to a
more poleward separation, whilst a stronger viscosity led to
an equatorward separation.

These two contradicting cases highlight the important and
competing processes driving WBC separation. In the non-
linear case of Ross et al. (2023), instabilities grow through
baroclinic and barotropic processes, generating eddies that
disrupt the coherent WBC and drive separation. Since viscos-
ity damps these instabilities, a higher viscosity suppresses the
turbulence and delays separation, whereas a lower viscosity
allows faster eddy growth and earlier separation. In the lin-
ear case, however, separation is dictated by the large-scale
wind stress curl and planetary vorticity balance, rather than
instability-driven processes. In this system, viscosity dissi-
pates momentum from the WBC, reducing its inertial re-
sistance to the wind-driven gyre circulation. As a result, a
higher viscosity weakens the WBC, making it more suscep-
tible to turning eastward at a lower latitude, whereas a lower
viscosity allows a stronger WBC that can persist farther pole-
ward before separating.

We adopt the dynamic viscosity scheme chosen by Ross
et al. (2023) whereby the imposed horizontal viscosity is the
maximum of two quantities. The first is a predetermined ve-
locity scale multiplied by the cube of the grid spacing u4 Af(,
while the second is the biharmonic Smagorinsky viscosity
— a dynamic flow-dependent quantity. The coefficients of
the Smagorinsky viscosity were set to 0.06 in the double-
nested and MLE experiments, which is the recommended
upper bound for the MOM6 model (Adcroft et al., 2019).
To test an alternate case, we take the MLE-1500 experiment
from the MLE tests, and refer to this as the high viscosity run
(VISC-H), while we run one additional experiment — VISC-L
— with a Smagorinsky coefficient set at the lower bound of the
MOMG6 recommended range, 0.015 as also used in the Ross
et al. (2023) NWA12 model (Table 2).

2.3 Model evaluation

We evaluate the model configurations against observational
and reanalysis products as specified below, and compare their
behaviour across a set of region-specific diagnostics. We note
that the three configurations considered here (OM2-01, STH-
PACI10K, and EACO3K) differ in more than one aspect, in-
cluding model framework, domain configuration, and hori-
zontal and vertical resolution. Accordingly, the model eval-
uation is not intended as a controlled, single-factor attribu-
tion study of individual model settings. Rather, its purpose is
to provide a contextual evaluation across two broad axes of
model development that are central to this study: (i) the tran-
sition from MOMS to MOMG6, and (ii) the refinement from
10 to 3 km resolution within the nested MOMG6 framework.

https://doi.org/10.5194/gmd-19-3853-2026
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Observations and reanalysis products are used as an external
reference to assess whether the net cumulative changes lead
to improved representation of the EAC system. Controlled
sensitivity experiments designed to isolate the impact of spe-
cific parameter choices are presented separately in Sect. 3.2.

2.3.1 Region-wide evaluation metrics

Daily sea surface temperature (SST) fields from all models
are compared with the National Oceanic and Atmospheric
Administration SST product, developed using optimum in-
terpolation (OISST; Reynolds et al., 2007). The OISST prod-
uct combines satellite and in situ observations and is rep-
resentative of the top 0.5 m of the ocean. Daily sea surface
height fields (SSH) fields are evaluated against the Archiv-
ing, Validation, and Interpretation of Satellite Oceanographic
data (AVISO) altimetry-derived SSH product.

All region-wide metrics are evaluated over the EAC do-
main (Fig. 1, EACO3K box) and all model grids are bilinearly
interpolated onto the observational products’ horizontal grid.
The root mean square error (RMSE) at each coarsened model
grid point is calculated and the spatial average of this metric
is computed in order to assess overall differences between
datasets.

Marine heatwave (MHW) analysis has also been per-
formed on the surface SST fields of all datasets, following
the approach of Hobday et al. (2016). The SST fields are first
regridded to the coarser OISST (~ 25 km) grid using bilinear
interpolation, and then we computed the daily-varying cli-
matology and the 90th percentile threshold temperature at all
grid points in the EAC domain. We then use the 90th per-
centile temperature as a lower bound and identify all anoma-
lies exceeding this. If the temperature persists above this
threshold for greater than 5 days, we record this as a MHW
event and various metrics are stored for the event such as the
anomaly above the 90th percentile temperature, and the du-
ration.

2.3.2 Region-specific metrics

The EAC jet flows coherently along the shelf break of south-
ern Queensland and northern New South Wales between lat-
itudes 14-32°S. In 2012, a mooring array was established
at 27.5°S to gain insight into the subsurface structure and
variability of the jet upstream of the separation point (Sloyan
et al., 2024). This mooring array was in operation until 2022,
allowing almost a decade of high spatial and temporal reso-
lution in situ measurements of the jet. In this jet regime, we
are interested in whether the regional models can represent
the seasonal cycle of volume transport identified in observa-
tions. We compute poleward transports within the longitudi-
nal range of the mooring array, and calculate the climatol-
ogy over the simulation period. We do not take into account
interannual differences here, and compare the climatologies
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calculated from 30 year model simulations with that from the
~ 10 year observational period.

In order to identify where the EAC separates from the
coast in each model (and observations), we established two
distinct definitions that describe this process — the “sepa-
ration latitude”, and the subsequent “retroflection latitude”.
Adapting the approach of Cetina-Heredia et al. (2015), we
choose a SSH contour that best represents the path of the
EAC jet at 28°S and follow this poleward to the “separa-
tion latitude”, defined as the variable point where this contour
exceeds a zonal distance of 80 km from the 2000 m isobath
(Fig. 7a, b). Following the contour further south, we define
the retroflection point where the tangent of this contour veers
due east (i.e., tangent vector transitions from the south-east
quadrant to the north-east quadrant (Fig. 7a, b). We make
the distinction between the two points since the dynamics
controlling the pair of latitudes are likely semi-independent,
however no distinction has been made previously between
the two separate processes. Adopting this more nuanced def-
inition of the WBC separation latitudes has revealed new in-
sights into the controlling dynamics of both the separation
and retroflection latitudes.

Additional improvements on the approach taken by
Cetina-Heredia et al. (2015) were necessary to account for
cyclonic frontal eddies developing inshore of the EAC jet
(Schaeffer et al., 2017), leading to the temporary detachment
and re-attachment of the jet upstream of the main separation
latitude. Cetina-Heredia et al. (2015) choose the SSH con-
tour that aligns with the maximum poleward velocity of the
upstream EAC jet, which in our 3 km model, led to approxi-
mately 20 % of the timesteps failing to identify an appropri-
ate pair of separation/retroflection latitudes. An improvement
was achieved when smoothing the nominated SSH contour
using a simple coarsened linear interpolation which removed
the effect of frontal eddies that pushed the contour offshore,
only for it to reattach ~50km downstream. However, fur-
ther improvement was achieved by deciding to choose the
SSH contour based on an iterative process, similar to that of
(Chapman et al., 2025), whereby we first detect the longest
positively-sloped segment of a zonal SSH transect at 28° S
and assume (via geostrophy) this represents the poleward
EAC jet at this latitude. Then, starting from the western ex-
tent of the segment, we follow the SSH contour originating
at that point to see whether it is a good representation of the
EAC jet. This decision is automated and primarily based on
the length of the contour and a sensible result for the detected
points. This is repeated at each timestep until a suitable SSH
contour is found, which has resulted in a vastly improved
failure rate less than three percent. The failed timesteps show
SSH contour maps with no sign of an EAC jet present, high-
lighting the variable nature of the EAC system as a whole.

The most variable component of the EAC system and po-
tentially the most important for our interests in the south-
east Australian region is the eddy field (aka “Eddy Avenue”;
Everett et al., 2012) poleward of the EAC separation point.
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There is a direct relationship between the growth of instabil-
ities in the EAC separation region and eddy characteristics
in the EAC extension (Li et al., 2021). As such, if there are
biases in the separation dynamics, these are likely to cascade
into the EAC extension eddy characteristics in our model.
To get a synthesis of the eddy variability in this region, we
perform an eddy tracking using the python package py-Eddy-
Tracker (Delepoulle et al., 2022) which can efficiently track
the size and polarity of eddies over the 30 year analysis pe-
riod from the SSH fields. We then calculate the mean am-
plitude of eddies within coarsened grids (25 x 25 km) which
provides a metric to understand the amount of eddy kinetic
energy (EKE) present spatially in the model domain.

We anticipate a higher resolution model to have improved
connectivity across the shelf break, due to important scales of
variability being better represented at 3 km resolution. Here
we are interested in assessing how well the different mod-
els produce the SST warming rates along the shelf of east-
ern Australia. We take polygons of all the bioregions that
are designed to capture quasi-homogeneous oceanographic
and ecological conditions in the nearshore domain (O’Hara
et al., 2016). Sea surface temperatures within each bioregion
are then spatially averaged to obtain a daily SST time-series
for each bioregion and then the linear trend is calculated. We
further group the time-series by season and re-calculate the
SST trends to understand whether or not the trends are ubiq-
uitous across seasons. In order to further validate the model
results, we use an additional observational dataset produced
specifically for the Australian region, namely Integrated Ma-
rine Observing System SST (IMOS-SST) satellite product
(Griffin et al., 2017). The IMOS-SST product has a resolu-
tion of 0.02° and has proven to be more reliable than OISST
in representing temperature trends and variability closer to
the coast (Beggs et al., 2018).

3 Results
3.1 Nested Experiments
3.1.1 Surface Fields

The mean SST biases in the global model are relatively weak
and spatially patchy, whereas STHPAC10K exhibits minimal
bias and closely aligns with observations (Fig. 3b, c). In con-
trast, EACO3K shows a pronounced cold bias in the EAC
extension, accompanied by a warm bias in the mid-latitude
eastern sector of the domain (Fig. 3a). This pattern may in-
dicate a weaker poleward transport of the EAC, with an as-
sociated redistribution of heat toward the eastern boundary.
In terms of the SST trends, all models capture the broad pat-
tern of faster warming in the EAC extension (not shown),
however EACO3K shows a much more concentrated, coastal-
bound warm pool off south-east Australia (Fig. 3d).
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When comparing the SST variance from a model, which
represents day-to-day variability, to OISST, which represents
a smoothed 5d window of variability, we expect to find a
systematic positive bias for all modelled SST variance due to
the reduced spatial and temporal interpolation in the models
(Reynolds et al., 2007). This expectation holds true for our
3 km model, EACO3K, whereby there is a tendency for larger
variance (positive bias) across the entire domain (Fig. 3g).
Importantly, in the EAC extension region, both 10 km models
produce less variability than the already dampened OISST,
suggesting that these models may under-represent the inten-
sity or frequency of eddy-driven temperature fluctuations off
south-east Australia (Fig. 3h, i). Both regional models ex-
hibit an expansive north-west to south-east oriented band of
high variance across the northern half of the domain, hav-
ing the appearance of an imprinted south Pacific convergence
zone (SPCZ) that is not present in observations or the global
model (Fig. 3g, h). Given all models use the same version of
JRASS atmospheric interannual forcing, this is likely associ-
ated with the updated surface flux numerics in MOM6. How-
ever it appears to be independent of other biases and hence is
not further explored in this paper.

At 10 km resolution, MOMG6 appears to slightly improve
on MOMS in representing the mean SST pattern compared
with observations (Fig. 3b, ¢). However the strong variance
bias in MOM6 (Fig. 3g, h), the nature of which remains
uncertain, prevents us from designating the updated model
as unequivocally superior. The question around resolution,
in comparing STHPAC10K to EACO3K is also not straight-
forward. For EACO3K, we have an EAC extension region
with juxtaposing cold mean bias, and strong warming bias
(Fig. 3a, d), both of which are weak or not present in STH-
PAC10K (Fig. 3b, e). Furthermore, EACO3K has a much
higher SST variance throughout the extension region com-
pared to STHPACI0K (Fig. 3g, h). Thus, there is likely
weaker mean transport in the EAC jet, whilst the eddies in
the extension region are strengthening at a faster rate, lead-
ing to the faster warming trends in the 3 km model compared
to the 10 km model.

In a similar region to the cold mean SST bias for EAC03k
in the poleward extension region (Fig. 3a), we see a very
strong negative SSH mean bias (Fig. 3j). This SSH bias is
most intense in the typical separation region of the EAC and
extends to the east and south into the EAC extension (Fig. 3j).
As aresult, EACO3K shows a substantially higher root mean
square error (RMSE) relative to the coarser models, which
both exhibit only minimal and spatially patchy mean SSH
biases. The strong coherent SSH bias for EAC0O3K suggests
a fundamental shift in the latitude and structure of the EAC
separation at 3 km resolution. How this shift translates into
specific dynamical changes will be explored in the region-
specific analysis.

All models show a positive SSH trend in the EAC ex-
tension that is consistent with the observed trend towards
more intense eddies off south-east Australia. However there
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Figure 3. Surface biases of the three models relative to observations for SST (left) and SSH (right). The top row represents Mean bias, middle
row represents Trend bias, and the bottom row shows Variance bias for both prognostic variables.

are mesoscale variations to the intensity of this trend, as
shown by the patchy positive and negative trend biases in
Fig. 3m—o0. EACO3K shows a stronger negative trend bias
in the EAC separation region as well as a smaller region of
positive SSH trend bias off the north-east coast of Tasmania.
The SSH trend biases for the 10km models are weak and
spatially patchy without clear dynamical explanation. Under-
lying these mesoscale variations is a domain-wide negative
bias shared by all models relative to altimetry. This arises
from a combination of reference offsets and the omission of
global mean sea level rise contributions from land-ice melt.
The SSH variance bias highlights regions where modeled
eddy activity deviates from the satellite-derived observations.
As with OISST, AVISO represents a smoothed realization
of the true SSH field due to interpolation and observational
limitations, meaning we would generally expect models to
exhibit a systematic positive bias in SSH variance. How-
ever, as noted in Sect. 2.1.2, these simulations use a relative-
wind stress formulation, which includes current feedback
and is known to damp mesoscale eddy variability relative to
a direct-wind forcing. This may therefore contribute to a sys-
tematic negative bias in SSH variance. Across all models,
there is indeed a negative bias in SSH variance in the upper
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extension region between latitudes of 32 and 35° S (Fig. 3p-
r). While this negative bias extends further north in the 10 km
models, there is a shift to positive SSH variance bias to the
north in EACO3K located in the separation region. This pro-
vides further evidence for a potential earlier separation of the
EAC in the 3 km model, which in turn generates higher SSH
variance (eddy activity) further north than typically observed.

Marine heatwaves (MHWs) are a key focal point for fu-
ture use of the EACO3K model, hence it’s important that
this model not only represents the temperature variability,
but also the presence of persistent extremes that arise in the
satellite observations. Figure 4 summarizes the MHW results
focusing on two key MHW metrics — mean intensity and
mean duration. Figure 4a—c present the mean intensity bias
averaged over all events at each grid point across the EAC
domain. Here we see a similar spatial pattern to the SST
variance bias (Fig. 3e) for the two regional models, which
emerges as the broad north-west to south-east South Pacific
convergence zone imprint of more intense MHW events than
OISST produces. This is expected, given the intensity is es-
sentially a derived metric from the SST variance, albeit rela-
tive to the daily-varying 90th percentile rather than the long-
term mean (Hobday et al., 2016). Furthermore, there are no-
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ticeable differences in mean intensity for the separation and
extension region. The regional models both have a coher-
ent region of weaker intensities near the separation point
(~32°S) while the global model has higher intensities at the
same location (Fig. 4a—c).

MHW durations are slightly shorter in EACO3K than
STHPACI10K, particularly towards the south-east of the do-
main, while both models show longer-than-observed dura-
tions within the EAC system. The global model shows much
longer durations throughout the domain as previously shown
by Pilo et al. (2019). The spatially averaged probability den-
sity distributions (Fig. 4d, h) highlight the strong agreement
between the two regional models, which consistently suggest
higher mean intensities and shorter mean durations than the
observational distribution. The global model shows broader
distributions for both intensity and duration, while the peak
of the distributions describe marine heatwaves that are less
intense, and of longer duration than observations over the
EAC model domain. This suggests that while the regional
and global models may each align with observations at differ-
ent times or under specific conditions, their inherent numeri-
cal differences prevent them from converging on a consistent
representation of MHW characteristics.

We now assess the ability of each configuration to cap-
ture the temporal occurrence of MHWSs. While MHWs in the
region have a strong stochastic element due to the dominant
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control of the flow by mesoscale eddies (Cravatte et al., 2021;
Chapman et al., 2025) we note that all configurations have
identical surface forcing. As such, while individual events
may be largely stochastic, we expect large-scale forcing to
impact the general interannual variability in extreme events
similarly across both OISST and the each simulation.

We see a strong overall agreement between models and
OISST in capturing interannual variability of MHW dura-
tion, with distinct peaks during strong El Nifio years (e.g.,
1998, 2010, and 2016) (Fig. 5a). As the probability distri-
butions suggested (Fig. 4h), the two regional models agree
strongly for the interannual MHW durations while MHWs
in the global model tend to be consistently longer than ob-
servations across all years. Similarly, mean intensity patterns
are broadly consistent across datasets, with a notable shift to
higher intensities after 1994. The regional models generally
produce more intense MHW:s than the global model and ob-
servations, likely due to higher SST variance in the northern
half of the domain (Fig. 5b). Interestingly, the 3 km model
occasionally diverges from the 10 km model, such as in 2016,
where it better matches observed mean durations. This sug-
gests that resolution may play a more critical role during dy-
namically intense events, such as the advection-driven MHW
of 2015/16 (Oliver et al., 2017). Overall, while model version
differences dominate the results, resolution-specific effects
emerge during periods of heightened dynamical complexity,
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highlighting the nuanced interplay between model numerics
and resolution in simulating MHWs.

3.1.2 Regional Dynamics

All models show interannual variability in the poleward
transports at the EAC jet zonal transect (Fig. 6a, c¢), and while
the timing of enhanced (e.g., year 1998) and weakened (year
2000) transports track well between models, the magnitude
of this yearly averaged transports differs substantially be-
tween the 3 and 10 km models (Fig. 6¢). In the year 1998 for
example, the yearly averaged transport for the 10 km models
is between 15-18 Sv (1 Sv=10°m? s~1) while for EACO3K,
this peak reached 24 Sv. Although there are large interannual
fluctuations in the modelled poleward transports, the long-
term trend over the 30 year model runs appears relatively
stable as shown by the dashed linear trend lines in Fig. 6¢).
The observational transports for the overlapping years with
models shows similar magnitude to the 10 km models, while
the EACO3K model produces transports weaker than obser-
vations in the first overlapping year (2012), and then trans-
ports almost twice as high for the year after (2013).

The climatology of poleward transports in the EAC jet for
all datasets is shown in Fig. 6d. All models follow observa-
tions with a poleward strengthening of transports in summer
and a minimum in winter. The two 10 km models have very
little variability around the daily-varying mean throughout
the climatological year which allows for a clear seasonal cy-
cle to be identified. The EACO3K climatology has a much
higher sub-seasonal variability, however there is still an over-
all weakening in the winter months and strengthening in the
summer. Interestingly, both the observations and EAC03K
appear to have a two-stage strengthening from their winter
minima whereby an initial rapid increase in transport is fol-
lowed by a weakening before a second strengthening into the
maximum summer peak. The timing of this sub-annual cycle
is earlier for EACO3K than for the mooring observations by
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about one month. Nevertheless, the transition period is dis-
tinctly similar between the two configurations.

Next we move south to the separation point of the EAC
where our primary interest is understanding the latitude
where the EAC jet separates from the shelf break, and addi-
tionally, where the main jet retroflects, i.e., where it changes
direction from a poleward flow to a predominantly east-
ward or recirculating flow. The spatial maps in Fig. 7a, b
demonstrate the typical case of the EAC before and after
an eddy shedding event, and clearly demonstrate the impor-
tance of defining two distinct latitudes of interest for this
region. Prior to eddy shedding (Fig. 7a), we have a separa-
tion point near 30° S and a retroflection much further pole-
ward of 34.5°S. Two days later, after the eddy detaches
from the main jet, we see little change in the separation lat-
itude, while the retroflection latitude retracts equatorward
by around 200km. The separation latitude distribution of
AVISO (Fig. 7¢) shows two distinct peaks — a result previ-
ously reported by Cetina-Heredia et al. (2014). However, the
exact locations of the peaks between that observed by our
analysis (30.0 and 33.0°S) and that reported in their study
(28.7 and 30.8° S) do indeed differ. Meanwhile, the retroflec-
tion point of AVISO in Fig. 7d has only a single peak two
degrees of latitude below the poleward peak of the separation
latitude at 35.1° S. The distinct difference between the sep-
aration and retroflection distributions of AVISO support the
possibility that these critical points are governed by indepen-
dent dynamics and forcing mechanisms — a finding not cap-
tured in earlier studies of the separation region, but one that
may have important implications for the model behaviour ex-
plored below.

There is substantial difference between models in repre-
senting both the separation and retroflection latitudes. The
global model, OM2-01, shows a tendency to separate to-
ward the poleward (southern) extent of the latitudinal range,
while STHPAC10K best represents the double peak distribu-
tion shape of AVISO (Fig. 7c). EACO3K separates much fur-
ther north than the 10 km models and observations, and while
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there are occasions when it separates near the poleward peak
of the observations, this rarely occurs. STHPAC10K captures
the retroflection latitude distribution remarkably well, with a
single peak and positively skewed tail (Fig. 7d). Similar to
the separation latitude, EACO3K also shows an equatorward
shift in the retroflection point relative to observationals and
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the 10 km models. These findings for the 3 km model sup-
port our earlier hypothesis that the positive SSH variance bias
north of the typical separation region (Fig. 30) could result in
an earlier (equatorward) separation.

The eddy tracking in the EAC extension has given us in-
sight into the typical pathway of eddies and the amplitudes
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Figure 8. Mean eddy amplitudes for tracked anticyclonic eddies in all datasets.

of these transient features that are critical to the heat trans-
port along south-east Australia’s nearshore region (Fig. 8).
Here we focus specifically on anticyclonic eddies for the
eddy tracking results. The 3 km model best reproduces the
pathway and amplitude of anticyclonic eddies found in ob-
servations over the study period with a broad band of high
amplitude eddies extending well below and to the south-west
of Tasmania. The 10km models capture the general path-
way, however the band of high amplitude eddies is much
narrower and eddies below Tasmania appear much weaker
than in EACO3K and observations. Finally, the number of
eddy tracks found in EACO3K (10 550 tracks) is much closer
to that detected in the observational record (9812 tracks)
while the 10 km models detected at least 20 % fewer anti-
cylonic eddy tracks over the same period. The eddy tracking
results suggest that EACO3K produces more high amplitude
eddies than the 10 km models, highlighting the improvement
gained from higher resolution when modelling geographical
regions dominated by nonlinear turbulent ocean features. As
above, these eddy-amplitude diagnostics are obtained from
simulations using relative-wind stress, which is expected to
suppress mesoscale kinetic energy to some degree through
current feedback. Although this effect may itself vary with
model resolution, it is not expected to substantially alter the
qualitative differences shown here.

Australia’s eastern continental shelf is exceptionally nar-
row, with some locations spanning less than half the width
of a single 25 km resolution grid cell from the widely used
observational datasets of AVISO and OISST. As a result,
these global products do not resolve the sharp oceanographic
gradients that define the shelf break, leading to a signif-
icant smoothing of critical nearshore features in addition
to the well-known land contamination near coastlines. For
this section we have introduced a new observational dataset,
the IMOS-SST product at 2km resolution (Griffin et al.,
2017) which will provide further insight into the uncertainty
between observational datasets and allow for more confi-
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dence when interpreting the differences between models and
satellite-derived observations.

In this section we are primarily interested in assessing the
agreement between models and observations in capturing the
long-term SST trends along the shelf. We use the metric of
relative warming in order to highlight regions that may be
warming much faster than the global average, compared to
those that might be warming on par with or slower than the
global rate. This is a useful baseline, as it highlights regions
where the ocean dynamics are changing, superimposing a lo-
calised ocean heat contribution onto the global SST warming
trend.

The broad SST warming patterns within the continental
shelf bioregions of eastern Australia are presented in Fig. 9a.
The shading, which shows the long-term average warming
relative to the global average rate across all datasets for each
bioregion, reveals a distinct shift between those upstream of
the separation range, and those downstream. North of the
Manning Shelf, the warming weaker than or equal to the
global average rate. From the Manning Shelf and south-
ward, the warming rates increase to well above twice the
global SST trend. This supports previous work of Malan et al.
(2021) which also find the coastal seas downstream of the
separation point to be warming at twice the rate of those up-
stream.

Analysis of the bioregion SST trends by season and dataset
(Fig. 9b) shows that the north/south contrast in warming rates
are nuanced. Seasonally, regions upstream of the separation
point show very little change across the year, while down-
stream, we see much lower warming rates in winter than all
other seasons. This seasonal difference is particularly pro-
nounced in the bioregions within Bass Strait, whereby win-
ter warming rates are on par with global averages, while
summer warming rates can be greater than three times the
global rate. To further emphasize the local-scale differences
in warming, bioregions directly adjacent to Bass Strait, such
as the Freycinet bioregion show warming rates year-round

Geosci. Model Dev., 19, 3853-3873, 2026
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Figure 9. Sea surface temperature warming rates for coastal bioregions along eastern Australia relative to the global average warming rate
over the past four decades. (a) Spatial map of labelled bioregions with shading representing the long-term annual SST trend across each
polygon averaged over all datasets. (b) Heatmap of coastal bioregion warming relative to global average for all datasets across all seasons.

that are around twice the rate as those in Bass Strait, e.g.,
Flinders bioregion. The winter cooling within Bass Strait is
likely dominant over the continuous heat advected down the
EAC extension during this season, while for locations more
exposed to the EAC, weaker winter trends are less prominent
(e.g., Freycinet).

The two observational products are largely in good agree-
ment, apart from in spring and summer for bioregions within
the latitude range of the typical separation point. During
these two seasons, the IMOS-SST shows warming rates at
least 1.5 times greater than the OISST product. The largest
disagreement between models and observations occurs in
summer for the upstream bioregions, whereby all models
produce warming rates much slower than the global rate
(shown by the blue shading), while the observations are close
to or faster than the global average. In the downstream re-
gion, there is much less inter-model agreement, except in
theFreycinet bioregion. EACO3K produces warming rates in
autumn that are 5.1 times the global average rate, while the
observations suggest relative warming rates of 2.5 and 2.2 for
IMOS-SST and OISST respectively. This surprisingly large
warming for the 3 km model raised some further questions
as to the validity of this signal, which was also present in the
surface biases presented in Sect. 3.1.

Geosci. Model Dev., 19, 3853-3873, 2026

To further investigate the warming rate in the Freycinet
bioregion, we analysed the average SST by decade across
all datasets (Fig. 10), The 3 km model produces mean SSTs
closer to the observed values for the last two decades than
the global model, OM2-01. Hence, it is clear that although
EACO3K is initially cold-biased in this region, as also iden-
tified in Fig. 3a, it adjusts and then better estimates the mean
SST climate on the shelf of eastern Tasmania than the global
model for the last two decades of the simulation.

3.2 Sensitivity Experiments

We tested the sensitivity to the initial conditions (ICs) by run-
ning a 10-year repeat-year-forcing (RYF) simulation over the
EACO03K domain and taking the ICs for all sensitivity exper-
iments from the 10th year of this RYF run. Subsequent com-
parisons between RYF-ICs and the ICs taken directly from
the forcing dataset (IAF runs) showed no substantial changes
in global metrics (not shown). We conclude that it makes lit-
tle difference whether the IAF run is initiated from a 10-year
RYF spin-up or from an IAF snapshot of the forcing model.
However, all sensitivity experiments are initiated from the
10-year RYF spin-up (RYF-ICs).

Both increasing the MLE parameter value from 500 to
1500 m, and further turning the MLE scheme off, have little
effect on the mean and variance of SST and SSH (Fig. 11a—
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Figure 10. Decadal Mean SST for the Freycinet bioregion shown in
Fig. 9a.

). Given Adcroft et al. (2019) and Ross et al. (2023) both
highlight the sensitivity of SST biases to the MLE scheme,
this was a surprising result and indicates the potential redun-
dancy of MLE parameterization at 3 km horizontal resolu-
tion. The mixed-layer depth (MLD) does show more sensi-
tivity to the MLE scheme. With a parameter value (frontal
length) of 500 m (Fig. 11m), there is a negative bias over
much of the EAC domain, while the southern boundary has
substantial positive mean biases exceeding 20 m in some ar-
eas. When the MLE scheme is slightly relaxed to a frontal
length of 1500 m, the overall effect is to reduce the shal-
low mean bias in mid-latitudes, but increase the area of deep
MLD bias south of about 30° S. With the MLE parameteriza-
tion turned off, there is a substantial decline in negative mean
MLD bias, and an overall growth in the positive mean MLD
bias in the southern half of the domain. A similar pattern is
observed with the MLD variance; a region in the south of
large variability in the MLES500 experiment, extends north-
ward with the MLE1500 experiment, and then extends over
the entire domain for the MLE-OFF experiment (Fig. 11p-
r). Hence it is clear that relaxing the MLE parameterization
both deepens the mixed layer, and produces more variability.
However, given the minimal effect on the surface properties
and the range of uncertainty associated with the MLD obser-
vational dataset, this suggests the 3 km model is quite robust
to the parameterization choice for mixed layer instabilities.
A surprising result from the VISC experiments is the
strong agreement between the VISC-H (high viscosity) and
AVISO for separation and retroflection latitudes that was not
seen in the earlier EACO3K simulation (Fig. 7). Noting the
only difference between VISC-H and the nested EACO3K
configuration is the boundary forcing dataset (STHPAC10K
for EACO3K, and OM2-01 for VISC-H), we can therefore
conclude that there is clearly a sensitivity to the bound-
ary conditions for the 3 km model. Further investigating the
cause of the poor agreement when forcing this model with
the large-regional model is outside the scope of this study.
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It is nevertheless important to highlight this discrepancy and
furthermore, surprising to note the now strong agreement be-
tween the 3 km model with high viscosity, and the AVISO
results.

The separation latitude distribution of the low-viscosity
(VISC-L) experiment is remarkably similar in shape to
VISC-H, however its peaks are shifted northward by up to
100km (Fig. 12a). VISC-H shows strong agreement with
the observed retroflection distribution, with a single peak
between 35-36°S, and a positive skew toward the north
of the range (Fig. 12b). Interestingly, VISC-L exhibits two
peaks, resembling observed separation latitude moreso than
the observed retroflection distribution shape. This demon-
strates vastly different behaviour in the retroflection latitude
for VISC-L compared to the VISC-H simulation. It is clear
that the original viscosity parameter value used in VISC-H
best suits the observed distributions of both the separation
and retroflection.

4 Discussion

This paper has evaluated a MOMG6 regional model suite
nested within a global MOMS configuration, for the sim-
ulation of the East Australian Current region and adjacent
Coral and Tasman Seas. We have also assessed the sensi-
tivity of a submesoscale-permitting regional model to sub-
grid parameterizations and boundary forcing. In doing so we
have made several modelling and scientific contributions that
will be discussed in more detail below. Key modelling results
include the improved representation of eddy characteristics
along the EAC extension pathway and Tasman Outflow and
also the demonstrated influence of weaker viscosity on WBC
separation dynamics within the model. Importantly, we have
also presented evidence for a redundancy of the Mixed-Layer
Eddy parameterization in a 3km resolution ocean model,
suggesting that the restratification effects of mixed layer in-
stabilities are at least partially resolved at this resolution. The
scientific results include the novel definition for separation
and retroflection latitudes and how these points differ dynam-
ically, and also the improved understanding of temperature
trends along the entire eastern Australian continental shelf.
Ultimately we are still left with biases in our model suite that
are not explained by the sensitivity tests we have carried out.
However these do not have any overwhelming detrimental
influence on the key dynamical features of the EAC system
in our 3 km model.

4.1 Horizontal Resolution

We anticipated that a higher resolution would lead to im-
proved representation of the nonlinear dynamics of the EAC
extension eddy field based on the argument of the first baro-
clinic deformation radius being well resolved at higher lat-
itudes in our 3 km resolution model compared to the 10 km

Geosci. Model Dev., 19, 3853-3873, 2026
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resolution models (Fig. 2b). This does indeed appear to be the
case in our eddy tracking results, which show that high am-
plitude eddies at 3 km resolution retain their structure along
the southward path of the EAC extension and on through
the Tasman Outflow (Pilo et al., 2015). Additionally the
broad spatial extent of high amplitude eddies at 3 km aligns
much more closely with that of the observations, while the
10km models have a much narrower meridional band of

Geosci. Model Dev., 19, 3853-3873, 2026

high amplitude eddies close to the coast. Li and Roughan
(2023) identified baroclinic instability as the dominant en-
ergy source for mesoscale eddies in the southern EAC exten-
sion region, which is a process with energy injection scales
close to the first baroclinic Rossby radius (Cushman-Roisin
and Beckers, 2011). As the 10 km models do not well-resolve
this length scale, particularly in the more poleward extent
of the domain, we indeed see weaker simulated eddy am-
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plitudes with respect to the observed results for the coarse
models, while the 3 km model truly resolves this baroclinic
energy conversion process. This result presents a clear case
for truly resolving the mesoscale energy spectrum in order to
accurately represent nonlinear eddy dynamics in regions of
high baroclinic instability.

While it is clear that resolving smaller length scales can
improve the representation of eddies compared to observa-
tions, the opposite is evident regarding EAC separation and
retroflection latitudes. The earlier boundary current separa-
tion and retroflection in the EAC03k model was associated
with the open boundary forcing from STHPAC10K - likely
introducing more instability in the upstream jet — and it was
shown in the sensitivity experiments, that forcing EACO3K
with OM2-01 indeed remedied this issue. This result high-
lights the higher sensitivity of model behaviour when we are
moving to finer horizontal grids and also the sensitivity to the
open-boundary forcing data.

The 3km model exhibits strong SST biases off eastern
Tasmania, showing a colder mean temperature and a faster
warming trend compared to observations and 10 km models.
These biases are partly linked to the slower equilibration of
EACO3K in the highly nonlinear EAC extension region. Li
and Roughan (2023) showed that baroclinic processes dom-
inate the local energy balance off south-east Australia, and
these processes act on inherently slower timescales than the
more barotropically dominated northern extent of the EAC
extension. Furthermore, because the high-resolution model
resolves a wider range of active spatial scales, energy must
cascade across many more degrees of freedom. As a result,
additional eddy turnover times are required for the system to
reach a quasi-equilibrated turbulent regime (Smith and Val-
lis, 2001). The nearshore temperatures in EACO3K show a
similar cold start before converging on observed tempera-
tures for the latter two decades of the simulation, providing
confidence in the equilibrated ocean state in this region for
the later period. Future work will focus on the scales and
efficiency of energy flow in the turbulent EAC extension re-
gion, comparing the interannual variability in mesoscale en-
ergy between the models developed for this study.

An important limitation of the present ocean-only frame-
work as opposed to a coupled ocean-atmosphere model is the
use of relative-wind stress in combination with a prescribed
atmospheric forcing. By including the surface current in the
bulk momentum flux, this formulation accounts for wind-
current interaction, but it also tends to reduce wind work on
the mesoscale circulation and damp eddy kinetic energy rela-
tive to direct-wind forcing (Renault et al., 2016). This should
be kept in mind when interpreting absolute SSH variance,
and eddy-related diagnostics. Nevertheless, because the same
stress formulation is used consistently across the configura-
tions analysed here, the comparative differences reported in
this study remain informative, even though the absolute level
of mesoscale variability may depend in part on the chosen
wind-stress formulation.
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4.2 EACO03K Sensitivities

We will now discuss what we have identified as the most
important considerations for configuring a higher resolu-
tion model based on the presented evidence and experience
gained through the sensitivity experiments in this study.

Firstly, the separation latitudes measured in the EACO3K
model matched better with observations when forced with
OM2-01 at the boundaries rather than with STHPAC10K,
the latter resulting in an unrealistic earlier separation of the
WBC (Figs. 7 and 12 respectively). This result was surpris-
ing, given STHPAC10K improves on OM2-01 in many ways
including improved agreement with AVISO for the separa-
tion/retroflection latitudes. The tendency for an earlier sepa-
ration of the WBC indicates that the upstream jet is too unsta-
ble within the simulation forced by STHPAC10K. This result
underscores the importance of considering the quality of the
forcing datasets at the boundaries.

Relaxing the MLE parameterization had the expected ef-
fect of deepening the mean mixed layer and increasing its
variability, similar to the changes outlined by Fox-Kemper
et al. (2011) and Ross et al. (2023). Although it was hoped
that this sensitivity test might explain the band of high SST
variance bias across the northern half of the domain in both
MOMBG6 regional models (Fig. 3), it had no effect on the SST
mean or variance in this region. This was surprising as Ad-
croft et al. (2019) reported a strong sensitivity in SST with
biases to the MLE parameterization under different frontal
length scales in their 1/4 and 1/2° global configurations. Al-
though only a very broad evaluation has been conducted here,
results suggest a 3 km resolution model may partially rep-
resent the mixed layer instabilities required to break down
the Rossby-adjusted mixed layer fronts in the EAC domain
— a mechanism well described by Boccaletti et al. (2007).
Similar to the Gent-McWilliams mesoscale parameterization
scheme being turned off for resolutions that do not fully re-
solve the mesoscale, perhaps the Fox-Kemper MLE restrati-
fication becomes unnecessary at scales that partially resolve
the submesoscale (i.e., 3 km resolution).

Through the novel definition and algorithmic improve-
ment in detecting the separation and retroflection latitudes
of the EAC, we have identified semi-independent dynamics
governing the latitude where the EAC first separates, and
where the main current veers eastward. The distinctly dif-
ferent PDFs of the two latitudes, consistent across both ob-
servations and models, suggest that they are indeed semi-
independent. The initial separation tends to occur at two
preferred latitudes, previously shown to align with key ge-
ographical locations where the continental shelf narrows
(Cetina-Heredia et al., 2014). The retroflection predomi-
nantly occurs further downstream at a relatively stable lat-
itude, largely independent of where the topographic separa-
tion takes place. This suggests both points likely have a flow-
dependent component — as indicated by the variability around
the PDF peaks, while the separation point is influenced more
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by topography, and the retroflection point more by the basin-
scale external forcing.

The viscosity experiments further highlight the differences
in dynamics governing the separation and retroflection points
of the EAC jet. Weakening the imposed viscosity results in a
linear shift in the PDF for the separation point whereby the
entire distribution migrates ~ 100 km equatorward. This sug-
gests the two peaks are still associated with the topography,
while the lower viscosity leads to faster/earlier response of
the current to instability growth. The retroflection PDF ex-
hibits a nonlinear response to weaker viscosity indicated by
the change in the PDF from a single positively skewed dis-
tribution, to a double peak, more similar to the separation
PDF in shape. This shift towards a co-varying response be-
tween the separation and retroflection at lower viscosity indi-
cates a change in the governing dynamics of the retroflection,
from an externally forced (wind stress) response, to a topo-
graphic response, simply due to a weaker viscosity allowing
faster instability growth. We have shown that the larger vis-
cosity coefficient produces a more realistic WBC separation,
while also highlighting the distinct forcings associated with
the separation and retroflection latitude ranges and how that
changes under a lower viscosity simulation.

There were substantial differences between the MOMS
(OM2-01) and MOM6 (STHPAC10K) simulations, both
in surface metrics and region-specific evaluations. Interest-
ingly, the 10 km regional model (STHPAC10K) often showed
greater similarity to the 3 km regional model than to its global
counterpart, despite the 3 km model having widely different
boundary locations. This suggests that the open boundary
conditions are not the dominant source of bias in the regional
simulations. If boundary effects were the primary driver, we
would expect significantly different bias patterns between the
two regional models. Instead, the biases in the EAC region
are large, coherent, and consistent across both regional con-
figurations, indicating that their source lies elsewhere.

Given that OM2-01 and STHPAC10K share identical hor-
izontal and vertical resolution, forcing, and bathymetry, the
differences between them must stem from the fundamen-
tal difference between MOMS and MOMS6. However, it is
not immediately clear whether MOMG6 systematically outper-
forms MOMS in this region under the given forcing and pa-
rameter set. While some biases in STHPAC10K are weaker
than those in the global model, others are of opposite sign
and/or even larger in magnitude (e.g., SST variance, MHW
intensity). These findings reinforce that MOMG6 introduces
notable changes compared to MOMS5, many of which remain
underexplored in the context of regional ocean dynamics.

5 Conclusions
We have developed and assessed two new regional ocean

models to investigate the influence of the East Australian
Current on the adjacent shelf seas of eastern Australia. While
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our primary goal was to evaluate the skill of a high-resolution
3km (1/30°) model in capturing the large-scale variabil-
ity of the EAC, our analysis also revealed important sen-
sitivities of the regional MOM6 model to boundary forc-
ing, physical parameterizations (e.g., the Fox—-Kemper MLE
scheme), and numerical closures (dynamic viscosity) that ex-
tend beyond the initial scope of the study. We found that
the 3 km model more faithfully represents the nonlinear dy-
namics (mesoscale eddies) of the EAC extension than the
10km models, whereas in the upstream quasi-linear region
the meso-to-large scale structure is adequately resolved at
10km resolution, offering limited added value from further
grid refinement. Overall, the 3 km model demonstrates clear
fitness for purpose in reproducing the meso- and large-scale
dynamics of the EAC system, while highlighting the limita-
tions of coarser (10 km) models in representing the complex,
nonlinear variability that governs the EAC extension and its
interaction with the adjacent shelf.

Code and data availability. The code used to configure the re-
gional models as described in Barnes et al. (2024) can be
found at https://github.com/COSIMA/regional-mom6 (last ac-
cess: 1 June 2025). MOMS6 is built on an open development
paradigm, and the Git repository for this model source code is
located at https://github.com/mom-ocean/MOM6 (last access: 1
June 2025) and https://github.com/NOAA-GFDL/MOMG6 (last ac-
cess: 1 June 2025) (source code used for this study archived
at https://doi.org/10.5281/zenodo.18149344, Reilly, 2026). The
model input files for the simulations presented here can be ac-
cessed from https://doi.org/10.5281/zenodo.17050446 (Reilly et al.,
2025b). The model output files for all results presented here can
be accessed from https://doi.org/10.5281/zenodo.17042772 (Reilly
et al., 2025a).

Author contributions. NJH, JK, CQ and CC designed the approach,
while JR carried out the majority of model configuration and all
analysis. AB developed the ‘mom6-regional‘ Python package used
to configure the regional models. JR prepared the manuscript with
contributions from all co-authors.

Competing interests. The contact author has declared that none of
the authors has any competing interests.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims made in the text, pub-
lished maps, institutional affiliations, or any other geographical rep-
resentation in this paper. The authors bear the ultimate responsibil-
ity for providing appropriate place names. Views expressed in the
text are those of the authors and do not necessarily reflect the views
of the publisher.

https://doi.org/10.5194/gmd-19-3853-2026


https://github.com/COSIMA/regional-mom6
https://github.com/mom-ocean/MOM6
https://github.com/NOAA-GFDL/MOM6
https://doi.org/10.5281/zenodo.18149344
https://doi.org/10.5281/zenodo.17050446
https://doi.org/10.5281/zenodo.17042772

J. A. Reilly et al.: Two-tier MOMG6 regional modelling suite of the East Australian Current system 3871

Acknowledgements. We thank the vibrant communities of the Con-
sortium for Ocean—Sea Ice Modelling in Australia (COSIMA; http:
/lcosima.org.au, last access: 1 September 2025) and the Australian
Community Climate and Earth System Simulator National Re-
search Infrastructure (ACCESS-NRI; http://access-nri.org.au, last
access: 1 September 2025) for making the ACCESS-OM2 model
suite and COSIMA cookbook recipes available through the NCI.
COSIMA is funded through the Australian Research Council grant
LP200100406.

A vast amount of technical support was also provided by Angus
Gibson and others from the Australian National University (ANU).

The majority of this work was supported by resources provided
by The Pawsey Supercomputing Centre with funding from the Aus-
tralian Government and the Government of Western Australia.

Financial support. John Reilly was supported by an Australian
Government’s National Environmental Science Program (NESP)
Climate Systems Hub PhD scholarship, and additional top-up sup-
port from the joint CSIRO-UTAS Quantitative Marine Science pro-
gram. Neil Holbrook was supported by funding from the ARC
Centre of Excellence for Climate Extremes (CE170100023), the
ARC Centre of Excellence for the Weather of the 21st Century
(CE230100012), and the NESP Climate Systems Hub. Chris Chap-
man was supported by the Australian Climate Service and the
CSIRO Climate, Atmosphere Oceans Interaction program. Court-
ney Quinn is supported by the Australian Research Council Discov-
ery Early Career Researcher Award project number DE250101025.
Ashley Barnes was supported by the Australian Research Council’s
Centre of Excellence for Climate Extremes.

Review statement. This paper was edited by Evangelos Moulas and
reviewed by two anonymous referees.

References

Adcroft, A., Anderson, W., Balaji, V., Blanton, C., Bushuk, M., Du-
four, C. O., Dunne, J. P, Griffies, S. M., Hallberg, R., Harrison,
M. J. Held, I. M., Jansen, M. F,, John, J. G., Krasting, J. P., Lan-
genhorst, A. R., Legg, S., Liang, Z., McHugh, C., Radhakrish-
nan, A., Reichl, B. G., Rosati, T., Samuels, B. L., Shao, A., Stouf-
fer, R., Winton, M., Wittenberg, A. T., Xiang, B., Zadeh, N., and
Zhang, R.: The GFDL global ocean and sea ice model OM4. 0:
Model description and simulation features, J. Adv. Model. Earth
Sy., 11, 3167-3211, 2019.

Arakawa, A. and Lamb, V. R.: Computational Design of the Ba-
sic Dynamical Processes of the UCLA General Circulation
Model, in: General Circulation Models of the Atmosphere, edited
by: Chang, J., vol. 17 of Methods in Computational Physics:
Advances in Research and Applications, Elsevier, 173-265,
https://doi.org/10.1016/B978-0-12-460817-7.50009-4, 1977.

Barnes, A. J., Constantinou, N. C., Gibson, A. H., Kiss, A. E., Chap-
man, C., Reilly, J., Bhagtani, D., and Yang, L.: regional-mom6:
A Python package for automatic generation of regional configu-
rations for the Modular Ocean Model 6, Journal of Open Source
Software, 9, 6857, https://doi.org/10.21105/joss.06857, 2024.

https://doi.org/10.5194/gmd-19-3853-2026

Beggs, H., Griffin, C., Brassington, G., and Govekar, P.: Measuring
coastal upwelling using IMOS Himawari-8 and Multi-Sensor
SST, in: Proceedings of the ACOMO 2018 Workshop, Canberra,
Australia, 9-11, https://imos.org.au/wp-content/uploads/2024/
07/Beggs_ACOMO_Poster_Coastal_Upwelling_20181004.pdf
(last access: 1 June 2025), 2018.

Boccaletti, G., Ferrari, R., and Fox-Kemper, B.: Mixed layer insta-
bilities and restratification, J. Phys. Oceanogr., 37, 2228-2250,
2007.

Bowen, M. M., Wilkin, J. L., and Emery, W. J.: Variability and forc-
ing of the East Australian Current, J. Geophys. Res.-Oceans, 110,
https://doi.org/10.1029/2004JC002533, 2005.

Bryan, F. O., Hecht, M. W., and Smith, R. D.: Resolution con-
vergence and sensitivity studies with North Atlantic circulation
models. Part I: The western boundary current system, Ocean
Model., 16, 141-159, 2007.

Bull, C. Y., Kiss, A. E., Jourdain, N. C., England, M. H., and van
Sebille, E.: Wind forced variability in eddy formation, eddy shed-
ding, and the separation of the East Australian Current, J. Geo-
phys. Res.-Oceans, 122, 9980-9998, 2017.

Cetina-Heredia, P., Roughan, M., Van Sebille, E., and Coleman, M.:
Long-term trends in the East Australian Current separation lati-
tude and eddy driven transport, J. Geophys. Res.-Oceans, 119,
4351-4366, 2014.

Cetina-Heredia, P., Roughan, M., van Sebille, E., Feng, M., and
Coleman, M. A.: Strengthened currents override the effect of
warming on lobster larval dispersal and survival, Glob. Change
Biol., 21, 43774386, 2015.

Chapman, C. C., Sloyan, B. M., Schaeffer, A., Suthers, I. M.,
and Pitt, K. A.: Offshore Plankton Blooms via Mesoscale
and Sub-Mesoscale Interactions With a Western Bound-
ary Current, J. Geophys. Res.-Oceans, 129, €2023JC020547,
https://doi.org/10.1029/2023JC020547, 2024.

Chapman, C. C., Sloyan, B. M., Moore II, T. S., Reilly, J. A, and
Matear, R. J.: Marine Heatwaves in the East Australian Current
Modulated by Mesoscale Eddies, J. Geophys. Res.-Oceans, 130,
€2024JC021395, https://doi.org/10.1029/2024JC021395, 2025.

Chassignet, E. P. and Garraffo, Z. D.: Viscosity parameterization
and the Gulf Stream separation, in: From Stirring to Mixing in
a Stratified Ocean, edited by: Miiller, P. and Henderson, D., Pro-
ceedings of the 12th *Aha Huliko’a Hawaiian Winter Workshop,
Honolulu, Hawaii, USA, 37-41, https://www.soest.hawaii.edu/
PubServices/2001pdfs/Chassignet.pdf (last access: 1 June 2025),
2001.

Cravatte, S., Serazin, G., Penduff, T., and Menkes, C.: Imprint
of chaotic ocean variability on transports in the southwest-
ern Pacific at interannual timescales, Ocean Sci., 17, 487-507,
https://doi.org/10.5194/0s-17-487-2021, 2021.

Cushman-Roisin, B. and Beckers, J.-M.: Introduction to geophys-
ical fluid dynamics: physical and numerical aspects, vol. 101,
Academic press, ISBN 9780120887590, 2011.

Delepoulle, A., Mason, E., Busché, C., Pegliasco, C,
Capet, A., Troupin, C., and Koldunov, N.: AntSimi/py-
eddy-tracker: META3.1 Article (v3.3.1), Zenodo [code],
https://doi.org/10.5281/zenodo.6333989, 2022.

Drenkard, E. J., Stock, C. A., Ross, A. C., Teng, Y.-C., Cordero, T.,
Cheng, W., Adcroft, A., Curchitser, E., Dussin, R., Hallberg, R.,
Hauri, C., Hedstrom, K., Hermann, A., Jacox, M. G., Kearney,
K. A., Pages, R., Pilcher, D. J., Pozo Buil, M., Seelanki, V., and

Geosci. Model Dev., 19, 3853-3873, 2026


http://cosima.org.au
http://cosima.org.au
http://access-nri.org.au
https://doi.org/10.1016/B978-0-12-460817-7.50009-4
https://doi.org/10.21105/joss.06857
https://imos.org.au/wp-content/uploads/2024/07/Beggs_ACOMO_Poster_Coastal_Upwelling_20181004.pdf
https://imos.org.au/wp-content/uploads/2024/07/Beggs_ACOMO_Poster_Coastal_Upwelling_20181004.pdf
https://doi.org/10.1029/2004JC002533
https://doi.org/10.1029/2023JC020547
https://doi.org/10.1029/2024JC021395
https://www.soest.hawaii.edu/PubServices/2001pdfs/Chassignet.pdf
https://www.soest.hawaii.edu/PubServices/2001pdfs/Chassignet.pdf
https://doi.org/10.5194/os-17-487-2021
https://doi.org/10.5281/zenodo.6333989

3872 J. A. Reilly et al.: Two-tier MOMG6 regional modelling suite of the East Australian Current system

Zadeh, N.: A regional physical-biogeochemical ocean model for
marine resource applications in the Northeast Pacific (MOM6-
COBALT-NEP10k v1.0), Geosci. Model Dev., 18, 5245-5290,
https://doi.org/10.5194/gmd-18-5245-2025, 2025.

Everett, J., Baird, M., Oke, P., and Suthers, I.: An avenue of ed-
dies: Quantifying the biophysical properties of mesoscale ed-
dies in the Tasman Sea, Geophys. Res. Lett., 39, L16608,
https://doi.org/10.1029/2012GL053091, 2012.

Flather, R.: A tidal model of the northwest European continental
shelf, Mem. Soc. Roy. Sci. Liege, 10, 141-164, 1976.

Fox-Kemper, B., Danabasoglu, G., Ferrari, R., Griffies, S., Hall-
berg, R., Holland, M., Maltrud, M., Peacock, S., and Samuels,
B.: Parameterization of mixed layer eddies. III: Implementation
and impact in global ocean climate simulations, Ocean Model.,
39, 61-78, 2011.

Gent, P. R., Willebrand, J., McDougall, T. J., and McWilliams, J. C.:
Parameterizing eddy-induced tracer transports in ocean circula-
tion models, J. Phys. Oceanogr., 25, 463-474, 1995.

Godfrey, J., Cresswell, G., Golding, T., Pearce, A., and Boyd, R.:
The separation of the east Australian current, J. Phys. Oceanogr.,
10, 430440, 1980.

Griffies, S. M. and Hallberg, R. W.: Biharmonic friction with
a Smagorinsky-like viscosity for use in large-scale eddy-
permitting ocean models, Mon. Weather Rev., 128, 2935-2946,
2000.

Griffies, S. M., Boning, C., Bryan, F. O., Chassignet, E. P., Gerdes,
R., Hasumi, H., Hirst, A., Treguier, A.-M., and Webb, D.: Devel-
opments in ocean climate modelling, Ocean Model., 2, 123-192,
2000.

Griffies, S. M., Adcroft, A., and Hallberg, R. W.: A primer
on the vertical Lagrangian-remap method in ocean mod-
els based on finite volume generalized vertical coordi-
nates, J. Adv. Model. Earth Sy, 12, e2019MS001954,
https://doi.org/10.1029/2019MS001954, 2020.

Griffin, C., Beggs, H., and Majewski, L.: GHRSST compli-
ant AVHRR SST products over the Australian region —
Version 1, Technical Report, Bureau of Meteorology, Mel-
bourne, Australia, https://imos.org.au/wp-content/uploads/2024/
07/GHRSST-DOC-basic-v1.0rl.pdf (last access: 1 June 2025),
2017.

Haidvogel, D. B., Arango, H., Budgell, W. P., Cornuelle, B. D., Cur-
chitser, E., Di Lorenzo, E., Fennel, K., Geyer, W. R., Hermann,
A. J., Lanerolle, L., Levin, J., McWilliams, J. C., Miller, A. J.,
Moore, A. M., Powell, T. M., Shchepetkin, A. F., Sherwood, C.
R., Signell, R. P., Warner, J. C., and Wilkin, J.: Ocean forecast-
ing in terrain-following coordinates: Formulation and skill as-
sessment of the Regional Ocean Modeling System, J. Comput.
Phys., 227, 3595-3624, 2008.

Hallberg, R.: Using a resolution function to regulate parameteriza-
tions of oceanic mesoscale eddy effects, Ocean Model., 72, 92—
103, 2013.

Hallberg, R. and Gnanadesikan, A.: The role of eddies in deter-
mining the structure and response of the wind-driven Southern
Hemisphere overturning: Results from the Modeling Eddies in
the Southern Ocean (MESO) project, J. Phys. Oceanogr., 36,
2232-2252, 2006.

Haney, R. L.: On the pressure gradient force over steep to-
pography in sigma coordinate ocean models, J. Phys.

Geosci. Model Dev., 19, 3853-3873, 2026

Oceanogr., 21, 610619, https://doi.org/10.1175/1520-
0485(1991)021<0610:0TPGF0>2.0.CO;2, 1991.

Herzfeld, M., Schmidt, M., Griffies, S., and Liang, Z.: Realistic test
cases for limited area ocean modelling, Ocean Model., 37, 1-34,
2011.

Hobday, A.J., Alexander, L. V., Perkins, S. E., Smale, D. A., Straub,
S. C., Oliver, E. C. J., Benthuysen, J. A., Burrows, M. T., Do-
nat, M. G., Feng, M., Holbrook, N. J., Moore, P. J., Scannell, H.
A., Sen Gupta, A., and Wernberg, T.: A hierarchical approach
to defining marine heatwaves, Prog. Oceanogr., 141, 227-238,
2016.

Kapoor, D. C.: General Bathymetric Chart of the Oceans (GEBCO),
Mar. Geod., https://doi.org/10.1080/15210608109379408, 1981.

Kerry, C., Powell, B., Roughan, M., and Oke, P.: Development and
evaluation of a high-resolution reanalysis of the East Australian
Current region using the Regional Ocean Modelling System
(ROMS 3.4) and Incremental Strong-Constraint 4-Dimensional
Variational (IS4D-Var) data assimilation, Geosci. Model Dev., 9,
3779-3801, https://doi.org/10.5194/gmd-9-3779-2016, 2016.

Kiss, A. E., Hogg, A. McC., Hannah, N., Boeira Dias, F., Brass-
ington, G. B., Chamberlain, M. A., Chapman, C., Dobrohotoft,
P., Domingues, C. M., Duran, E. R., England, M. H., Fiedler, R.,
Griffies, S. M., Heerdegen, A., Heil, P, Holmes, R. M., Klocker,
A., Marsland, S. J., Morrison, A. K., Munroe, J., Nikurashin, M.,
Oke, P. R., Pilo, G. S., Richet, O., Savita, A., Spence, P., Stew-
art, K. D., Ward, M. L., Wu, E,, and Zhang, X.: ACCESS-OM2
v1.0: a global ocean—sea ice model at three resolutions, Geosci.
Model Dev., 13, 401-442, https://doi.org/10.5194/gmd-13-401-
2020, 2020.

Lellouche, J.-M., Greiner, E., Bourdallé-Badie, R., Garric, G.,
Melet, A., Drévillon, M., Bricaud, C., Hamon, M., Le Gal-
loudec, O., Regnier, C., Candela, T., Testut, C.-E., Gas-
parin, F., Ruggiero, G., Benkiran, M., Drillet, Y., and Le
Traon, P-Y.: The Copernicus Global 1/12° Oceanic and Sea
Ice GLORYSI12 Reanalysis, Front. Earth Sci.,, 9, 698876,
https://doi.org/10.3389/feart.2021.698876, 2021.

Li, J. and Roughan, M.: Energetics of Eddy—Mean Flow Interac-
tions in the East Australian Current System, J. Phys. Oceanogr.,
53,595-612, 2023.

Li, J., Roughan, M., and Kerry, C.: Dynamics of interan-
nual eddy kinetic energy modulations in a western bound-
ary current, Geophys. Res. Lett, 48, e2021GL094115,
https://doi.org/10.1029/2021GL094115, 2021.

Li, J., Roughan, M., and Kerry, C.: Variability and drivers of ocean
temperature extremes in a warming western boundary current, J.
Climate, 35, 1097-1111, 2022a.

Li, J., Roughan, M., Kerry, C., and Rao, S.: Impact of mesoscale
circulation on the structure of river plumes during large rainfall
events inshore of the east Australian current, Front. Mar. Sci., 9,
815348, https://doi.org/10.3389/fmars.2022.815348, 2022b.

Ling, S., Johnson, C., Ridgway, K., Hobday, A., and Haddon, M.:
Climate-driven range extension of a sea urchin: inferring future
trends by analysis of recent population dynamics, Glob. Change
Biol., 15, 719-731, 2009.

Malan, N., Archer, M., Roughan, M., Cetina-Heredia, P., Hemming,
M., Rocha, C., Schaeffer, A., Suthers, ., and Queiroz, E.: Eddy-
driven cross-shelf transport in the East Australian Current sep-
aration zone, J. Geophys. Res.-Oceans, 125, €2019JC015613,
https://doi.org/10.1029/2019JC015613, 2020.

https://doi.org/10.5194/gmd-19-3853-2026


https://doi.org/10.5194/gmd-18-5245-2025
https://doi.org/10.1029/2012GL053091
https://doi.org/10.1029/2019MS001954
https://imos.org.au/wp-content/uploads/2024/07/GHRSST-DOC-basic-v1.0r1.pdf
https://imos.org.au/wp-content/uploads/2024/07/GHRSST-DOC-basic-v1.0r1.pdf
https://doi.org/10.1175/1520-0485(1991)021<0610:OTPGFO>2.0.CO;2
https://doi.org/10.1175/1520-0485(1991)021<0610:OTPGFO>2.0.CO;2
https://doi.org/10.1080/15210608109379408
https://doi.org/10.5194/gmd-9-3779-2016
https://doi.org/10.5194/gmd-13-401-2020
https://doi.org/10.5194/gmd-13-401-2020
https://doi.org/10.3389/feart.2021.698876
https://doi.org/10.1029/2021GL094115
https://doi.org/10.3389/fmars.2022.815348
https://doi.org/10.1029/2019JC015613

J. A. Reilly et al.: Two-tier MOMG6 regional modelling suite of the East Australian Current system

Malan, N., Roughan, M., and Kerry, C.: The rate of coastal tem-
perature rise adjacent to a warming western boundary cur-
rent is nonuniform with latitude, Geophys. Res. Lett., 48,
€2020GL090751, https://doi.org/10.1029/2020GL090751, 2021.

Mata, M. M., Wijffels, S. E., Church, J. A, and Tom-
czak, M.: Eddy shedding and energy conversions in the
East Australian Current, J. Geophys. Res.-Oceans, 111,
https://doi.org/10.1029/2006JC003592, 2006.

O’Hara, T., Gledhill, D. C., Nichol, S. L., Przeslawski, R., Hedge,
P, and Bax, N. J.: Towards an IMCRA 5, Report, National En-
vironmental Research Program Marine Biodiversity Hub, Muse-
ums Victoria, Australia, https://www.nespmarinecoastal.edu.au/
historical-publications/towards-an-imcra-5/ (last access: 1 June
2025), 2016.

Oliver, E. C., Herzfeld, M., and Holbrook, N. J.: Modelling the shelf
circulation off eastern Tasmania, Cont. Shelf Res., 130, 14-33,
2016.

Oliver, E. C., Benthuysen, J. A., Bindoff, N. L., Hobday, A. J., Hol-
brook, N. J., Mundy, C. N., and Perkins-Kirkpatrick, S. E.: The
unprecedented 2015/16 Tasman Sea marine heatwave, Nat. Com-
mun., 8, 16101, https://doi.org/10.1038/ncomms16101, 2017.

Orlanski, I.: A simple boundary condition for unbounded hyper-
bolic flows, J. Comput. Phys., 21, 251-269, 1976.

Pilo, G. S., Mata, M. M., and Azevedo, J. L. L.: Eddy sur-
face properties and propagation at Southern Hemisphere west-
ern boundary current systems, Ocean Sci., 11, 629-641,
https://doi.org/10.5194/0s-11-629-2015, 2015.

Pilo, G. S., Holbrook, N. J., Kiss, A. E., and Hogg, A. M.: Sen-
sitivity of marine heatwave metrics to ocean model resolution,
Geophys. Res. Lett., 46, 14604-14612, 2019.

Reilly, J.: Model source code for “Two-tier MOM6 Regional Mod-
elling Suite of the East Australian Current System”, Zenodo
[code], https://doi.org/10.5281/zenodo.18149344, 2026.

Reilly, J., Chapman, C., Holbrook, N. J., Kajtar, J., Quinn, C., and
Barnes, A.: Model output for “Two-tier MOM6 Regional Mod-
elling Suite of the East Australian Current System”, Zenodo [data
set], https://doi.org/10.5281/zenodo.17042772, 2025a.

Reilly, J., Holbrook, N., Chapman, C., Quinn, C., Kajtar, J., and
Barnes, A.: Model input for “Two-tier MOM6 Regional Mod-
elling Suite of the East Australian Current System”, Zenodo [data
set], https://doi.org/10.5281/zenodo.17050446, 2025b.

Renault, L., Molemaker, M. J., McWilliams, J. C., Shchep-
etkin, A. F, Lemarié, F., Chelton, D., Illig, S., and Hall,
A.: Modulation of Wind Work by Oceanic Current Interac-
tion with the Atmosphere, J. Phys. Oceanogr., 46, 1685-1704,
https://doi.org/10.1175/JPO-D-15-0232.1, 2016.

Reynolds, R. W., Smith, T. M., Liu, C., Chelton, D. B., Casey, K. S.,
and Schlax, M. G.: Daily high-resolution-blended analyses for
sea surface temperature, J. Climate, 20, 5473-5496, 2007.

Ridgway, K. R.: Long-term trend and decadal variability of the
southward penetration of the East Australian Current, Geophys.
Res. Lett., 34, https://doi.org/10.1029/2007GL030393, 2007.

https://doi.org/10.5194/gmd-19-3853-2026

3873

Ross, A. C., Stock, C. A., Adcroft, A., Curchitser, E., Hall-
berg, R., Harrison, M. J., Hedstrom, K., Zadeh, N., Alexander,
M., Chen, W., Drenkard, E. J., du Pontavice, H., Dussin, R.,
Gomez, F, John, J. G., Kang, D., Lavoie, D., Resplandy, L.,
Roobaert, A., Saba, V., Shin, S.-I., Siedlecki, S., and Simkins,
J.: A high-resolution physical-biogeochemical model for ma-
rine resource applications in the northwest Atlantic (MOMO6-
COBALT-NWA12 v1.0), Geosci. Model Dev., 16, 6943—-6985,
https://doi.org/10.5194/gmd-16-6943-2023, 2023.

Roughan, M., Cetina-Heredia, P., Ribbat, N., and Suthers, I. M.:
Shelf transport pathways adjacent to the East Australian current
reveal sources of productivity for coastal reefs, Front. Mar. Sci.,
8, 789687, https://doi.org/10.3389/fmars.2021.789687, 2022.

Schaeffer, A., Gramoulle, A., Roughan, M., and Mantovanelli, A.:
Characterizing frontal eddies along the E ast A ustralian C ur-
rent from HF radar observations, J. Geophys. Res.-Oceans, 122,
3964-3980, 2017.

Sloyan, B. M. and O’Kane, T. J.: Drivers of decadal variability in the
Tasman Sea, J. Geophys. Res.-Oceans, 120, 3193-3210, 2015.
Sloyan, B. M., Cowley, R., and Chapman, C. C.: East Australian
Current velocity, temperature and salinity data products, Scien-
tific Data, 11, 10, https://doi.org/10.1038/s41597-023-02857-x,

2024.

Smagorinsky, J.: General circulation experiments with the primitive
equations: 1. The basic experiment, Mon. Weather Rev., 91, 99—
164, 1963.

Smith, K. S. and Vallis, G. K.: The scales and equilibration of mido-
cean eddies: Freely evolving flow, J. Phys. Oceanogr., 31, 554—
571, 2001.

Stewart, K., Hogg, A. M., Griffies, S., Heerdegen, A., Ward, M.,
Spence, P., and England, M. H.: Vertical resolution of baroclinic
modes in global ocean models, Ocean Model., 113, 50-65, 2017.

Suthers, I. M., Young, J. W., Baird, M. E., Roughan, M., Everett, J.
D., Brassington, G. B., Byrne, M., Condie, S. A., Hartog, J. R.,
Hassler, C. S., Hobday, A. J., Holbrook, N. J., Malcolm, H. A.,
Oke, P. R., Thompson, P. A., and Ridgway, K.: The strengthening
East Australian Current, its eddies and biological effects — an
introduction and overview, Deep-Sea Res. Pt. II, 58, 538-546,
https://doi.org/10.1016/j.dsr2.2010.09.029, 2011.

Tilburg, C. E., Hurlburt, H. E., O’Brien, J. J., and Shriver, J. E.:
The dynamics of the East Australian current system: the Tasman
front, the East Auckland current, and the East Cape current, J.
Phys. Oceanogr., 31, 2917-2943, 2001.

Tsujino, H., Urakawa, S., Nakano, H., Small, R. J., Kim, W.
M., Yeager, S. G., Danabasoglu, G., Suzuki, T., Bamber, J. L.,
Bentsen, M., Boning, C. W., Bozec, A., Chassignet, E. P., Cur-
chitser, E., Boeira Dias, F., Durack, P. J., Griffies, S. M., Harada,
Y., Ilicak, M., Josey, S. A., Kobayashi, C., Kobayashi, S., Ko-
muro, Y., Large, W. G., Le Sommer, J., Marsland, S. J., Masina,
S., Scheinert, M., Tomita, H., Valdivieso, M., and Yamazaki, D.:
JRA-55 based surface dataset for driving ocean—sea-ice models
(JRAS55-do), Ocean Model., 130, 79-139, 2018.

Geosci. Model Dev., 19, 3853-3873, 2026


https://doi.org/10.1029/2020GL090751
https://doi.org/10.1029/2006JC003592
https://www.nespmarinecoastal.edu.au/historical-publications/towards-an-imcra-5/
https://www.nespmarinecoastal.edu.au/historical-publications/towards-an-imcra-5/
https://doi.org/10.1038/ncomms16101
https://doi.org/10.5194/os-11-629-2015
https://doi.org/10.5281/zenodo.18149344
https://doi.org/10.5281/zenodo.17042772
https://doi.org/10.5281/zenodo.17050446
https://doi.org/10.1175/JPO-D-15-0232.1
https://doi.org/10.1029/2007GL030393
https://doi.org/10.5194/gmd-16-6943-2023
https://doi.org/10.3389/fmars.2021.789687
https://doi.org/10.1038/s41597-023-02857-x
https://doi.org/10.1016/j.dsr2.2010.09.029

	Abstract
	Introduction
	Methods
	Two-tier nested suite
	Horizontal resolution
	Forcing

	Parameter Sensitivity Experiments
	Mixed-Layer Eddy Parameterization
	Dynamic Viscosity

	Model evaluation
	Region-wide evaluation metrics
	Region-specific metrics


	Results
	Nested Experiments
	Surface Fields
	Regional Dynamics

	Sensitivity Experiments

	Discussion
	Horizontal Resolution
	EAC03K Sensitivities

	Conclusions
	Code and data availability
	Author contributions
	Competing interests
	Disclaimer
	Acknowledgements
	Financial support
	Review statement
	References

