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Observations from moorings and HF radar 
system south of the critical latitude for resonance 
off Rottnest Shelf, ~32° S, revealed strong but 
intermittent, diurnal, counterclockwise, circular 
motions with current amplitudes > 0.3 ms–1, 
occasionally accompanied by vertical isotherm 
fluctuations reaching 60 m. The region is of 
particularly low tidal energy, with strong diurnal 
sea breeze forcing during the austral summer. 
The currents were surface-enhanced with an 
upward phase propagation speed of ~140 m d–1, 
suggesting diurnal winds as the predominant 
driving force. As a result, diurnal energy was 
observed up to 300-m depth (much larger than 
then the Ekman depth of around 70 m), 
penetrating deep below the mixed layer. In the 
absence of significant tidal mixing in the area, 
intermittent resonant sea breeze forcing of near-
inertial waves and isotherm oscillations is an 
important candidate for vertical mixing and 
dissipation across the pycnocline. 

Figure 2:  Operational coverage of the WERA HF radar for 
the period between 10 March 2010 and 30 April 2012. 
Colour scale is a percentage coverage (%). The HF radar 
grid is overlaid in small black dots while white squares 
indicate mooring sites. Two transects denoted by larger 
black dots correspond to cross-shore transects where 
effective Coriolis frequency (period) was estimated. 

Abstract Surface currents The sub-surface 

Surface currents were elliptical closer to the coast 
and circularly polarized farther offshore, with 
much larger diurnal ellipses than on the shelf 
(Figure 4). 

Figure 5: February–March 2012. (a) Wind vectors (48HP). 
(b) WERA 48HP at WACA200, WATR200 and WATR500 
locations. (c) Counterclockwise (red line) and clockwise 
(blue line) amplitudes of diurnal HF radar surface currents 
corresponding to WATR200 location. (d) Effective Coriolis 
period at WATR200 (blue) and the corresponding 
planetary Coriolis period (red). Diurnal period representing 
wind forcing is in black. (e) WATR200 high-frequency 
cross-shore (u) component; MLD indicated with black line. 
(f) WATR200 high-frequency alongshore (v) component; 
MLD indicated with black line. (g) WATR100 temperature 
profile; black contour indicates 23 °C isotherm. (h) 
WATR150 temperature profile; black contour indicates 23 
°C isotherm. (i) WATR200 temperature profile; black 
contour indicates 22 °C isotherm. (j) WACA200 
temperature profile; black contour indicates 22 °C 
isotherm. 

Near-inertial resonant waves, and consequently 
isotherm oscillations, are an important candidate 
for vertical mixing and dissipation across the 
pycnocline in a region with low tidal energy in an 
oligotrophic environment.  

•  The influence of the sea breeze results in 
strong anti-clockwise circular motions, which 
often exceed the Leeuwin current speeds. 
These currents extend to depths of up to 350 m, 
creating large oscillations of the thermocline. 

•  Surface currents rotate anti-clockwise over a 
diurnal sea breeze cycle. 

Data used in this paper were collected as part of IMOS, 
which is funded by the National Collaborative Research 
Infrastructure Strategy and the Super Science Initiative. 
Wind data were obtained from the Bureau of Meteorology.  

Figure 1: Normalized wind wavelet spectra at Rottnest 
Island meteorological station from 1 Oct 2009 to 31 July 
2012. (a) u component (cross-shore) and (b) v component 
(alongshore). The thick black line indicates 95% 
confidence level, using red noise as the background 
spectrum. Blue line denotes the diurnal period. 

Conclusions 

Figure 3: Three-hourly snapshots of WERA 48HP filtered 
HF radar surface currents representing the mean daily 
cycle of high-frequency surface currents during February 
2011. A wind vector corresponding to the mean daily cycle 
of high-frequency wind for each hourly snapshot is shown 
in the bottom left corner of each panel. All time flags 
represent local time. 

Figure 4: Sea surface temperature (colour), altimetry (in 
m; grey contour lines) and daily-averaged HF radar 
surface currents (black arrows) for four days during the 
February 2011 Leeuwin current marine heat wave.  

Figure 4: Diurnal wind (red) and surface current ellipses 
(blue) calculated from February 2011 data. Every third HF 
radar point is shown (for clarity) and only points that had 
at least 2/3 off temporal coverage in February 2011. All 
ellipses exhibited counterclockwise rotation. 


