
1.  Introduction
1.1.  Eddies in the East Australian Current System

The East Australian Current (EAC) is the energetic Western Boundary Current (WBC) of the South Pacific 
subtropical gyre. The EAC flows poleward along southeastern Australia, separates from the coast typically 
at around 32E  S (Cetina-Heredia et al., 2014), bifurcating into the eastward flow toward New Zealand (EAC 
eastern extension) and the southward flow toward Tasmania (EAC southern extension). Here we follow the 
terms introduced by Oke et al. (2019), however, it is noted that the EAC eastern extension has been tradi-
tionally referred to as the Tasman Front, and the EAC southern extension has been traditionally referred to 
as the EAC extension. The EAC sheds large anticyclonic eddies with a timescale of 90–180 days at the sep-
aration point (Bowen et al., 2005), and cyclonic eddies often form during the shedding of the anticyclonic 
eddy, creating a typical counter-rotating eddy dipole structure (Malan et al., 2020). The EAC can separate 
at any latitude along its length (Cetina-Heredia et al., 2014; Oke et al., 2019), therefore eddies can originate 
as far north as 25E  S (Qiu et al., 2014), with maximum intensity between 32E  S and 35E  S (Bowen et al., 2005). 
Eddy processes, including eddy generation, shedding and propagation, are accompanied by high eddy ki-
netic energy (EKE). The interannual variability of EKE has been detected in mesoscale eddy activity in 
most high EKE regions, including the Agulhas Current (Zhu et al., 2018) and the Kuroshio Current (No-
naka et al., 2020). In the EAC region, both 10-year satellite observations (Qiu & Chen, 2004) and 22-year 
high-resolution ocean model simulations (Kerry & Roughan, 2020) show that the EKE has a strong annual 
cycle. However, little is known about the mechanism causing the interannual variability of EKE in the EAC.

Abstract  Among Western Boundary Currents, the East Australian Current (EAC) has a more energetic 
eddy field relative to its mean flow, however, the relationship between upstream transport and downstream 
eddy kinetic energy (EKE) is still unclear. We investigate the modulation of downstream EKE in the EAC's 
typical separation region (Tasman EKE Box) (33. 1E  S–36.  6E  S) based on a long-term (22-year), high-resolution 
(2.5–6 km) model simulation and satellite altimeter observations from 1994 to 2016. Our results show that 
the poleward EAC transport at 28E  S leads the EKE in the Tasman EKE Box by 93–118 days. Barotropic 
instabilities are the primary source of EKE, and they control EKE variability in the EAC system. Anticyclonic 
eddies shed from the EAC dominate from 33E  S–  36E  S during high-EKE periods, but in low-EKE periods 
anticyclonic eddies penetrate even further south by  2  .

Plain Language Summary  The East Australian Current (EAC) mean flow is typically 
coherent from  27E  S–  32E  S (upstream), but eddies form after it separates from the coast typically at  32E  S, 
associated with high eddy variability downstream. However, we know little about what drives changes 
in the downstream eddies and the correlation with transport upstream. Here, we use both satellite 
observations and model simulations to investigate the interannual variability in the eddy field. We find 
that the transport upstream of separation is well correlated with the variability of sea surface height 
within the typical EAC separation region. An anomalously higher EAC transport at 28E  S corresponds to an 
anomalously higher sea surface height within the typical EAC separation region. The reverse is true when 
the EAC transport is weaker, but the current separates from the coast further to the south. We also show 
that the energy converted from the mean flow to the eddy fields is mainly through mean kinetic energy to 
eddy kinetic energy.
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1.2.  Energetics of Eddy-Mean Flow Interactions

WBCs and associated mesoscale eddies can exchange energy, vorticity and momentum through eddy-mean 
flow interactions (Chen et al., 2014; Greatbatch et al., 2010; Kang & Curchitser, 2015). The transfer of energy 
from the mean flow to eddies through barotropic and baroclinic instabilities leads to eddy formation and 
shedding (Macdonald et al., 2016). In turn, the energy transferred from the eddies back to the mean flow 
can feed the mean flow (Kuo & Chern, 2011; Mata et al., 2006). Energetics analysis is an effective method 
of quantifying the energy exchange between the mean flow and eddy reservoirs. It has been widely used 
to investigate dynamical processes of eddy activity and current variability in other WBCs, for example, in 
the Gulf Stream (Gula et al., 2015; Kang & Curchitser, 2015; Schubert et al., 2018), Kuroshio Current (Yan 
et al., 2019; Yang & Liang, 2016, 2018), Brazil Current (Magalhães et al., 2017), and Agulhas Current (Halo 
et al., 2014). Energetics analysis has also been conducted to investigate the EAC eddy shedding process. 
Bowen et al. (2005) propose that barotropic instabilities play a dominant role in driving an eddy shedding 
event. However, Mata et al. (2006) and Bull et al. (2017) suggest that both barotropic and baroclinic instabil-
ities are responsible for eddy generation, with barotropic energy conversion dominating.

To improve our understanding of oceanic energetics of eddy-mean flow interactions, a minimum horizontal 
resolution of 10 km is required to represent both mesoscale variability and the WBC adequately (Chassignet 
& Xu, 2017; Maltrud & McClean, 2005; Storch et al., 2012). However, horizontal resolutions used previously 
for modeling energetics studies in the EAC region have been much coarser ( E  20 km). In addition, to the 
best of our knowledge, the energy conversion term representing the energy transfer from eddy available 
potential energy (EPE) to EKE has never been investigated in the EAC region despite many studies in other 
WBCs.

1.3.  Transport in the East Australian Current System

Compared with other mid-latitude WBCs, the EAC has a weaker transport and mean flow due to the loss of 
transport from the South Equatorial Current into the Indonesian Throughflow (Godfrey, 1989). EAC trans-
port has been estimated by combining XBT observations and satellite altimeter data (Ridgway et al., 2008; 
Zilberman et al., 2018), from mooring array data (Mata et al., 2000; Sloyan et al., 2016) and numerical sim-
ulations (Cetina-Heredia et al., 2014; Kerry et al., 2016, 2018; Kerry & Roughan, 2020; Ribbat et al., 2020; 
Ypma et al.,  2016). Time series of these estimated EAC transports have shown a range of temporal sig-
nals from eddy shedding, seasonal, interannual to decadal timescales, particularly the strong interannual 
variability upstream of the typical separation point (Cetina-Heredia et al., 2014; Kerry & Roughan, 2020; 
Oke et al., 2019). Sloyan and O'Kane (2015) show that the EAC transport variability at 25E  S is significant-
ly anti-correlated to EAC southern extension transport (P-value   E  0.05, R = −0.14). Furthermore, Sloyan 
et al. (2016) suggest that the EAC variability in the Tasman Sea may be linked to variability upstream of 
27E  S. However, whether there is a statistically significant relationship between transport upstream of sepa-

ration and downstream eddy activity remains unclear.

In this study, we use a long-term (22-year) satellite altimetry product and high-resolution (2.5–6 km) ocean 
model simulation to achieve three objectives. First, we investigate the interannual variability in EKE in the 
EAC System (Section 3.1). Second, we examine the energetics of eddy-mean flow interactions in the EAC 
System to reveal the dynamical mechanisms responsible for the interannual modulation of downstream 
EKE (Section 3.2). Lastly, we assess the relationship between the interannual variability of downstream 
EKE with transport upstream of separation and sea level anomaly (SLA) (Section 3.3).

2.  Data and Methods
2.1.  Satellite Observations

The daily satellite observations, including SLA, absolute geostrophic current velocity and geostrophic cur-
rent velocity anomalies, are obtained from Archiving, Validation and Interpretation of Satellite Oceano-
graphic (AVISO+) (Ducet et al., 2000). These data are suitable to study the mesoscale ocean variability in 
WBC regions (Halo et al., 2014; Zhu et al., 2018). The AVISO+ daily data used here spans an approximately 
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22-year period from 1994 to 2016, with a horizontal resolution of 1/  4E  . AVISO+ has shown its ability to cap-
ture the eddy activity in the EAC system, with similar eddy statistics between AVISO+ and the 1/  10E  ocean 
model (Oliver et al., 2015).

2.2.  Numerical Simulations

The Regional Ocean Modeling System (ROMS) configuration of the EAC system used here is described in 
Kerry et al. (2016); Kerry and Roughan (2020). The model has a horizontal resolution of 2.5–6 km, which is 
suitable for resolving the mesoscale eddies in the EAC system (full details of the model configuration are in 
Text S1). The 22-year simulation in Kerry and Roughan (2020) uses atmospheric forcing from the National 
Center for Environmental Prediction's (NCEP) reanalysis, and they show that the mean and variability 
of the simulated ocean state compares well with observations. In this study, we use the same model con-
figuration except that atmospheric forcing is provided from the hourly 12-km Bureau of Meteorology At-
mospheric high-resolution Regional Reanalysis for Australia (BARRA-R) (Su et al., 2019). We also include 
the barotropic tidal constituents extracted from the TPXO8 global tidal model (Egbert & Erofeeva, 2002). 
The mean circulation and mesoscale variability are similar between the 22-year simulation of Kerry and 
Roughan (2020) and this simulation, providing confidence that this simulation provides an accurate rep-
resentation of the EAC, its separation from the coast and its eddy field. Compared to NCEP, BARRA-R has 
more realistic heat fluxes close to the coast due to its higher resolution. The numerical simulation of the 
ocean circulation using BARRA-R atmospheric forcing has significantly reduced the cold sea surface tem-
perature (SST) biases compared to satellite observations of SST. Further details of the model configuration 
(Li et al., 2021) and validation are in Text S2 and Figures S1–S3.

2.3.  Energy Conversion Terms

Energetics analysis is used to quantify the depth-dependent mean kinetic energy (MKE), EKE, and energy 
conversion terms (Kang & Curchitser, 2015). To investigate the eddy-mean flow interactions in the EAC 
region, we calculate the following energetics metrics:
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where E u  and E v  are the time-mean zonal and meridional velocities, respectively.   , ,E u v w  are the perturbations 
in time of the zonal, the meridional and vertical components of the flow, respectively. E  is the perturbation 
of the background reference density ( )E z  . Following Kang and Curchitser (2015), we calculate ( )E z  by aver-
aging the density over time and area. The constant part of the reference density 0E  is 1,025 kg 3mE  , and the 
acceleration due to gravity g is 9.81 m 2sE  . The energy conversion term KmKe represents the energy transfer 
rate from MKE to EKE, and a positive value indicates the eddy formation through barotropic instabilities 
of the mean flow (Kang & Curchitser, 2015). The other energy conversion term PeKe represents the energy 
transfer from EPE to EKE due to the baroclinic instability (Halo et al., 2014). The energy transfer terms 
KmKe and PeKe are sources of EKE growth along mean streamlines of the flow (Schubert et al., 2018).

The observed MKE and EKE are estimated from AVISO geostrophic velocities. We also calculate the surface 

MKE and EKE from the model geostrophic currents based on 
 


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 , where E  is the sea 

level, f is the Coriolis parameter. We average the EKE, KmKe and PeKe over the upper 450 m to investigate 
the eddy-mean flow interactions from the model output. The upper 450 m was chosen here because the EKE 
is highest in this depth range (Kerry & Roughan, 2020; Kerry et al., 2018).
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3.  Results
3.1.  Interannual Variability of EKE

The EAC jet flows poleward coherently with a band of high surface MKE over the shelf between 27E  S and 
32E  S (Figure 1a). Generally, the spatial distribution of MKE in ROMS is in good agreement with the AVISO 

observations (Figure 1d). MKE significantly reduces after the jet separates from the coast with low MKE 
in the EAC southern extension and a relatively small MKE band in the EAC return flow region. Large 

Figure 1.  (a) Mean kinetic energy and mean surface geostrophic velocities (vectors) (b) mean eddy kinetic energy 
(EKE) and (c) Standard Deviation (STD) of the EKE derived from Archiving, Validation and Interpretation of Satellite 
Oceanographic (AVISO) geostrophic velocities and geostrophic velocity anomalies over the 22 years. (d–f) Same as 
(a–c), but calculated from the ROMS model geostrophic velocities and geostrophic velocity anomalies. The black box in 
(a–f) indicates the Tasman EKE Box (  33.1E  S–36.  6E  S,  151.8E  E−155.  2E  E). (g) Time series of the 1-year low-pass filtered 
surface EKE from AVISO (green line), ROMS (orange line), and EKE450 from ROMS (black line) averaged within the 
Tasman EKE Box. The gray line denotes the raw time series with the linear trend removed. Periods when EKE450 is 
larger (smaller) than 1.0 STD are highlighted in red (blue).
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anticyclonic eddies shed after the EAC jet separates from the coast, resulting in high EKE amplitude and 
variability. In this study, we focus on the EKE variability in the typical EAC separation region (black box in 
Figure 1, hereafter referred to as Tasman EKE Box), where the surface EKE is highest (Figures 1b and 1e), 
and the Standard Deviation (STD) of EKE also exhibits elevated EKE variability (Figures 1c and 1f).

To investigate the interannual variability in the high EKE region of the EAC system, we compute the spa-
tially averaged EKE over the Tasman EKE Box from both AVISO and ROMS. Frequency spectra of the daily 
AVISO surface EKE, ROMS surface EKE and ROMS EKE averaged over the upper 450 m (EKE450) show 
strong peaks at the annual timescale, with high energy within a range of 270–500 days (Figure S4). ROMS 
has a small peak at around a 200-day period which is absent in AVISO, but the E  90-day peak in ROMS is 
shorter than that in AVISO. A 1-year low-pass Butterworth filter is further applied to the EKE time series to 
remove the signals shorter than the annual period (Figure S4). Generally, the low-frequency variability of 
the ROMS surface EKE agrees well with the AVISO surface EKE (Figure 1g). The linear correlation coeffi-
cient between the two time series reaches 0.50 (95 %E  significance level). While we do not expect the mesos-
cale eddy field to evolve in the same way as the ocean state sampled by AVISO, the non-zero correlation may 
be due to the fact that the model is receiving boundary conditions and surface forcing from reanalysis prod-
ucts. The low-pass filtered time series of EKE450 (black line) is also highly correlated with the ROMS sur-
face EKE, with a correlation coefficient of 0.96 (95 %E  significance level). Despite the fact that there are some 
spectral differences in periods shorter than 1 year, the differences are not statistically significant at 95 %E   
confidence intervals (Figure S4), suggesting that the model represents the EKE's interannual variability and 
anomalies well.

We define high-EKE (low-EKE) periods when the EKE450 is larger (smaller) than the mean EKE450 plus 
(minus) one standard deviation of the EKE450 time series as in Sun et al. (2016) (Figure 1g). The mean 
EKE450 in ROMS averaged over the Tasman EKE Box during the high-EKE periods, the full 22-year period, 
and the low-EKE periods is 0.24 2 2m sE  , 0.17 2 2m sE  and 0.11 2 2m sE  , respectively. Over the 22 years, the per-
centages of time defined as high-EKE periods and low-EKE periods are 15.3 %E  and 18.1 %E  , respectively. For 
comparison, we apply the same approach to the AVISO surface EKE and obtain similar percentages of 15.5 %E  
and 16.3 %E  for the high-EKE and low-EKE periods in AVISO. By definition, both the high-EKE and low-EKE 
percentages in AVISO and ROMS are close to a normal distribution.

3.2.  Energy Conversions

We use composite analysis to investigate the interannual modulation responsible for the large amplitude 
EKE anomalies using the ROMS model. Figure 2 shows the composite EKE450 anomalies, KmKe and PeKe 
averaged over the upper 450 m, SLA and surface southward velocity in the high-EKE and low-EKE periods. 
By definition, there are large positive EKE450 anomalies in the Tasman EKE Box during the high-EKE 
periods (Figure 2a) and anomalous low EKE450 within the Tasman EKE Box during the low-EKE periods 
(Figure 2f).

Consistent with previous studies (Bowen et al., 2005; Macdonald et al., 2016; Mata et al., 2006), barotropic 
instabilities dominate EKE variation in the Tasman EKE Box (Figure S5a). We find large positive (negative) 
KmKe anomalies during the high-EKE (low-EKE) periods (Figures S5b and S5c). North of the Tasman EKE 
Box, two strong positive KmKe bands are observed along the coast in both high-EKE (Figure 2b) and low-
EKE periods (Figure 2g). One is located between 28E  S and 30.  5E  S, and the other is between 31.  5E  S and 33. 
5E  S. East of these two bands, the KmKe is also relatively strong. Positive KmKe indicates that eddies drain 

energy from the MKE to drive a shedding event. Our energetics analysis shows that eddies can gain energy 
from the mean flow at any latitude between 28E  S and 33.  5E  S, with the strongest barotropic energy conver-
sion at  33.5E  S. These results are consistent with the occurrence of EAC separation latitude in Kerry and 
Roughan (2020, Figures 2d–2e) and Cetina-Heredia et al. (2019, Figure 2c). The energy transfer timescale 
( / )

0
MKE KmKe  is shorter than 2 days in most regions of the Tasman EKE Box (Figures S5g–S5i), indicating 

that eddies can drain energy from the mean flow and shed in a short time in these regions. Strong positive 
KmKe occurring at the separation point reveals that barotropic instabilities of the mean flow result in the 
eddy shedding when EAC separates from the coast with large velocity perturbations. During the high-EKE 
periods, the EAC jet separates from the coast to the north of the Tasman EKE Box and flows eastward, shed-
ding an anticyclonic eddy within the Tasman EKE Box (Figures 2d and 2e), whereas the separation latitude 
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shifts southward by  2E  during the low-EKE periods with an anticyclonic eddy south of the Tasman EKE 
Box (Figures 2i and 2j).

It is noteworthy that negative KmKe values occur in two small regions north of each high KmKe band (Fig-
ures 2b, 2g and S5a). The first is at  27E  S–  28E  S, and the second is at  30.5E  S–31.  5E  S. These regions are sites 
where frontal eddies are observed (small cyclonic eddies on the landward side of the WBC jet) (Roughan 
et al., 2017). Regions of negative barotropic conversion are regions of eddy decay (Gula et al., 2015). Fol-
lowing the Orr mechanism (Orr, 1907), eddies become tilted with the increasing background shear, and the 
decay of cyclonic eddies may return energy and momentum to the mean flow. The observations from HF 
radar measurements show that cyclonic eddies occur all year long between 30E  S and 30.  7E  S (Mantovanelli 
et al., 2017; Schaeffer et al., 2017). Negative KmKe in this region indicates that the decay of cyclonic eddies 
converts EKE back into MKE.

Compared to KmKe, the energy conversion term PeKe through baroclinic instabilities is an order of magni-
tude smaller (Figures S5a and S5d), and its impact is constrained near the shelf. Despite the relatively small 
amplitude of PeKe, we find that positive PeKe is stronger north of the Tasman EKE Box in the high-EKE pe-
riods (Figures 2c and S5e) than in the low-EKE periods (Figures 2h and S5f), suggesting that more energy is 
transferred from EPE to EKE in the high-EKE periods. Furthermore, negative PeKe is observed at the same 
location as the first negative KmKe region (  27E  S–  28E  S), indicating the energy conversion from EKE to EPE.

In order to understand the mechanism responsible for the EKE's interannual modulation in the Tasman 
EKE Box, we examine the composite SLA (Figures 2d and 2h) in the high-EKE and low-EKE periods. When 
the EAC jet separates from the coast and flows east, positive KmKe increases the energy conversion from 

Figure 2.  Composites during the high-eddy kinetic energy (EKE) periods of (a) EKE anomaly, (b) KmKe and (c) PeKe (both averaged over the upper 450 m), 
(d) sea level anomaly (SLA) and (e) surface along-shore velocity. The gray and green stippling in (a, b and d) indicates significance at 95% confidence interval 
obtained from a Monte Carlo simulation. (f–j) Composites as per (a–e), but for the low-EKE periods. Dashed lines in (d) and (i) indicate the composite sea 
surface height (SSH) with 0.3 m SSH contour highlighted (black line), and the red boxes denote the region used to average the upstream SLA in Figures 3b 
and 3c and Section 3.3. Gray lines in (e) and (j) indicate the −0.05 m 1sE  contour of mean surface along-shore velocity. The black boxes in each panel show the 
Tasman EKE box.



Geophysical Research Letters

LI ET AL.

10.1029/2021GL094115

7 of 11

MKE to EKE and the growth of velocity anomalies, leading to the shedding of an anticyclonic eddy. During 
the high-EKE periods, strong positive KmKe (Figure 2b) and an anticyclonic anomaly (Figures S6a and S6c) 
occur in the Tasman EKE Box, indicating the formation of eddies. An anticyclonic eddy structure with 
positive SLA anomalies dominates the Tasman EKE Box (Figure 2d), accounting for the large amplitude 
high EKE anomalies. In the low-EKE periods, no significant SLA anomalies occur in the Tasman EKE Box 
(Figure 2i). The EAC jet is less unstable, with small velocity anomalies around these latitudes (Figures S6b 
and S6d). Although the perturbations are growing in every region with positive KmKe, they have not yet 
reached an amplitude sufficient to dominate the mean flow and pinch off as eddies in the Tasman EKE Box 
(Figure 2g), and the mean flow continues poleward. Compared to the high-EKE periods, the EAC jet sepa-
rates further south to  38.5E  S (Figures 2i and 2j), resulting in a strong anticyclonic anomaly south of the Tas-
man EKE Box (Figures S6b and S6d). When the EAC separates from the coast, positive KmKe around this 
region allows eddies to drain energy and shed from the mean flow. Therefore, we can find an anticyclonic 
eddy structure with positive SLA anomalies south of the Tasman EKE Box (Figure 2i).

3.3.  Predictability of Downstream EKE

Following the approach in Kerry and Roughan (2020), we compute the EAC poleward transport over the 
cross-sectional area inside the −0.05 m 1sE  contour in the alongshore velocity mean. Over the 22-year sim-
ulation, we find opposing transport trends in the upstream and downstream EAC. Upstream the transport 
has decreased at a rate of −0.29 E  0.21 Sv per year at 28E  S, and downstream the transport has increased at a 
rate of 0.82 E  0.45 Sv per year at 36.  4E  S (Figure 3a). Sloyan and O'Kane (2015) indicated that the increased 
South Pacific gyre results in a decrease in the southward EAC transport at 25E  S, and Ridgway (2007) found 
that the southward shift of the South Pacific subtropical gyre may lead to a stronger EAC southern exten-
sion. Our results are consistent with these studies, implying that the negative trend at 28E  S and positive 
trend at 36.  4E  S are associated with the intensified South Pacific subtropical gyre that has shifted poleward.

The transport upstream is connected with downstream eddy shedding events (Kerry & Roughan, 2020). 
Stronger transport at 28E  S enhances the downstream energy conversion from MKE to EKE through barotrop-
ic instabilities, driving anticyclonic eddies to shed from the EAC jet in the latitudinal range of 33.  1E  S–36.  5E  S.  
Therefore, transport at 28E  S can be used as a good proxy to represent the EAC jet's upstream conditions 
and its impact on the downstream eddy activity. To investigate the relationship between the interannual 
variability of downstream EKE with upstream transport, we use the transport at 28E  S to examine its cor-
relations with the EKE in the Tasman EKE Box. The lead-lag correlations between the transport and EKE 
show that the transport leads EKE by 105 days with a positive correlation coefficient of 0.57 (Figure 3b, 95 %E  
significance level). The time series of 105 days lagged EKE varies in phase with transport at 28E  S (Figure 3c). 
This timescale is consistent with the previous study by Zilberman et al. (2018) that indicated that water 
crossing the transect at 28E  S can arrive at 33E  S within 4 months. The lead time of 105 days is also similar to 
a prediction timescale in the Agulhas Current system. The southward Agulhas Current volume transport 
in the upper 500 m across 31E  S leads the downstream EKE in the Agulhas Return Current region by about 
4 months (Zhu et al., 2018). Our result further verifies the previous viewpoint that there is a statistically 
significant relationship between upstream transport and downstream eddy activity.

Furthermore, we examined the relationship between the time series of upstream SLA and downstream 
EKE (Figure 3b) and found a correlation coefficient of 0.58 (95 %E  significance level) when SLA leads EKE by 
77 days. SLA is a useful predictor as it is easier to measure than transport. A Monte Carlo simulation is used 
to test the significance of these lead-lag correlations (Text S3). We found a lead time of 93–118 days between 
transport and EKE at 95 %E  confidence level and a lead time of 62–92 days between SLA and EKE (Figure 3b). 
Transport was computed over the cross-sectional area inside the −0.05 m 1sE  contour of mean alongshore 
velocity at 28E  S, and SLA was averaged between  27E  S–  29E  S. The lag times differ as SLA averaged over the 
chosen box is not directly related to alongshore transport (which is associated with the sea surface height 
gradient by geostrophy). We show that SLA and transport have a zero time-lag correlation of 0.82 between 
the two 1-year low-pass filtered time series (95 %E  significance level). Our results show that both the transport 
at 28E  S and the upstream SLA can potentially be used to predict the EKE in the Tasman EKE Box. A strong 
transport at 28E  S associated with high SLA at  27E  S–  29E  S results in an increase in EKE in the Tasman EKE 
Box, and the inverse is true for a weak transport at 28E  S (Figure 3d).
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4.  Discussion and Conclusions
Previous energetic analyses show that the contributions of barotropic and baroclinic instabilities vary in 
WBCs. Both barotropic and baroclinic instabilities contribute to the energy conversion from the mean flow 
to the eddy field in the Gulf Stream (Kang & Curchitser, 2015) and the Kuroshio Current (Yan et al., 2019). 
In the southern hemisphere, the Brazil Current is baroclinically unstable (Brum et al., 2017; Magalhães 
et al., 2017), whereas barotropic instability is the primary energy conversion term in the Agulhas Current 
(Elipot & Beal, 2015; Zhu et al., 2018). Despite the EAC jet having a weaker mean flow and transport, the 
energetic eddy field is comparable with the other large WBCs (Rykova et al., 2017). Our results show that 
the barotropic instabilities are the primary sources of EKE, consistent with Bowen et al. (2005), and that 
baroclinic instabilities are one order of magnitude smaller.

Interannual modulation of EKE by the upstream transport has been investigated in other WBCs. Sun 
et  al.  (2016) indicated that the strengthened Kuroshio intrusion enhances the baroclinic instability and 
leads to high EKE in the northeastern South China Sea. Zhu et al. (2018) found that the upstream Agulhas 
Current inflow variability regulates downstream interannual EKE fluctuations in the Agulhas Return Cur-
rent region. Our results show that the interannual variability of EKE in the Tasman EKE Box is modulated 
by the transport at 28E  S. We suggest that this mechanism can potentially be used to investigate the down-
stream interannual EKE variability in other WBCs, such as the Brazil Current and Gulf Stream.

Figure 3.  (a) Time series of the 1-year low-pass filtered transport at 28E  S (solid black line) and 36.  4E  S (solid green line) with errors estimated at 95% 
significance level. The dashed lines indicate the linear trends of each time series. (b) Lead-lag correlations between the time series of the 1-year low-pass filtered 
transport and eddy kinetic energy (EKE) (blue line), sea level anomaly (SLA) and EKE (green line). Error bars indicate significance at 95% confidence interval 
obtained from the Monte Carlo simulation. A negative (positive) lag represents the transport or SLA leads (lags). (c) Time series of the 1-year low-pass filtered 
SLA averaged in the red box in Figures 2d and 2i (green line), transport at 28E  S (blue line) and 105 days lagged EKE (orange line), where the time series are 
normalized by their respective Standard Deviation with the linear trends removed. (d) Lagged composite transports at 28E  S from −105 days for the high-EKE 
periods (orange), the whole 22-year period (gray) and low-EKE periods (blue) at 28E  S. Error bars represent 95% confidence intervals.
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Anticyclonic eddies form when the EAC separates from the coast with large velocity perturbations (high 
KmKe). We find that the EAC jet separates at different latitudes during high-EKE (more northern separa-
tion) and low-EKE periods (more southern separation). Therefore, the variability in EAC separation latitude 
may influence the variability of EKE in the Tasman EKE Box. In contrast to other WBCs, the EAC separates 
within a broad latitudinal range. Earlier studies suggested that EAC separation may be affected by westward 
propagating Rossby waves (Godfrey et al., 1980; Marchesiello & Middleton, 2000). Hence we suggest it is 
worth investigating the influence of Rossby waves on the variability in EKE in the Tasman EKE Box in the 
future.

Cyclonic eddies are known to be more productive due to the persistent upwelling of nutrient-rich water 
in their core. Within the so-called ’Eddy Avenue’, which encompasses our Tasman EKE Box, the average 
chlorophyll-a concentration for cyclonic eddies is double that of anticyclonic eddies and 16 %E  higher than 
those in the rest of the Tasman Sea (Everett et al., 2012). Roughan et al. (2017) found that a frontal eddy is 
significantly more productive than a mesoscale cyclone, despite its small size and short life. Based on the 
energetic analysis, we find negative KmKe values associated with the decay of cyclonic eddies occurs at 
 27E  S–  28E  S and  30.5E  S–31.  5E  S, consistent with the existence of frontal eddies in these locations with likely 
higher productivity.

This study is the first to use a long-term (22-year), high-resolution ( E  6  km) ocean model simulation to 
investigate the energetics of eddy-mean flow interactions in the EAC system. We find strong interannual 
variability in EKE in the Tasman EKE Box, with large amplitude anomalies dominate 15.3 %E  and 18.1 %E  of 
the time for high and low EKE anomalies, respectively. Barotropic instabilities dominate the energy con-
version in the EAC system, with a much higher KmKe in the high-EKE periods, playing an important role 
in eddy formation. We show energy conversion from EKE back to MKE around  27E  S–  28E  S and  30.5E  S–31. 
5E  S, inshore of the EAC jet consistent with the decay of cyclonic eddies at these latitudes. Anticyclonic eddy 

structures are observed in the Tasman EKE Box in the high-EKE periods, but they penetrate further south 
by  2E  in the low-EKE periods. The 1-year low-pass filtered time series of EKE in the Tasman EKE Box is 
significantly correlated with transport at 28E  S (R = 0.57) and upstream SLA at  27E  S–  29E  S (R = 0.58). There-
fore, both the upstream transport and SLA can be used as indices to predict downstream EKE. Our results 
provide new insights into predicting the interannual modulation of EKE in the Tasman EKE Box and shed 
light on the mechanisms of eddy-mean flow interactions in the EAC system.

Data Availability Statement
Model initial and boundary conditions are provided by CSIRO Australia BRAN2016 and available at https://
research.csiro.au/bluelink/outputs/data-access/. The atmospheric forcing BARRA-R data are obtained 
from http://www.bom.gov.au/research/projects/reanalysis/. The tide forcing is obtained from https://
www.tpxo.net/global/tpxo8-atlas. The AVISO products are downloaded from https://resources.marine.co-
pernicus.eu/?option=com_csw&view=details&product_id=SEALEVEL_GLO_PHY_L4_REP_OBSERVA-
TIONS_008_047. The model output (https://doi.org/10.26190/TT1Q-NP46 [Li et al., 2021]) is available at 
https://researchdata.edu.au/high-resolution-22-version-20/1676421. This research also includes computa-
tions using the computational cluster doi.org/Katana (2010) https://doi.org/10.26190/669X-A286, support-
ed by Research Technology Services at UNSW Sydney.
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