
  
Abstract—Surface currents play a major role in the distribution 

of contaminants, the connectivity of marine populations, and can 
influence the vertical and horizontal distribution of nutrients within 
the water column. This paper aims to determine the effects of sea 
breeze-wind patterns on the climatology of the surface currents on the 
continental shelf surrounding Rottnest Island, WA Australia. The 
alternating wind patterns allow for full cyclic rotations of wind 
direction, permitting the interpretation of the effect of the wind on the 
surface currents. It was found that the surface currents only clearly 
follow the northbound Capes Current in times when the Fremantle 
Doctor sets in. Surface currents react within an hour to a change of 
direction of the wind, allowing southerly currents to dominate during 
strong northerly sea breezes, often followed by mixed currents 
dominated by eddies in the inter-lying times. 
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I. INTRODUCTION 

CEAN currents determine the movement of surface 
waters, so the ability to collect data on their direction and 

speed provides critical information to support pollutant 
tracking, search and rescue, harmful algal bloom monitoring, 
navigation, and ecosystem assessment.  At present, ocean 
current measurements are not as readily available as winds, in 
large part due to the expense and difficulty of measuring 
ocean currents.  Drifters have found to be influenced by the 
wind itself in addition to the surface currents, resulting in 
partially biased measurements. However, the use of High 
Frequency (HF) Radar systems allows us to overcome these 
difficulties and provide maps of surface currents over a large 
surface area. With data acquired using HF radars, which have 
been set up at two locations on the coast of WA (Turquoise 
Coast and Rottnest Shelf), a detailed analysis of the surface 
currents will be possible. Oceanic surface currents have been 
studied at scales of 10km – basin scale as well as 10m down to 
dissipation scale, however not abundantly within the 
mesoscale and less even within the sub-mesoscale. This study 
will take the next step in utilizing HF radar data to create a 
detailed analysis of the surface currents along the coast of 
South-west WA within the size range of 200m up to 2km. The 
resulting findings will increase the knowledge on the response 
of surface currents and eddies to wind forcing and may hence 
aid in the forecasting of predicting of surface currents and 
eddies along the coast of Western Australia. Eddies and 
surface currents play an extensive role in surface transport, 
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ocean mixing, which again effects nutrient transport and 
connectivity of reefs and fish populations. They also reflect 
largely on the transfer of energy between the wind field and 
the upper ocean, which again will allow for an interpretation 
of divergence and vorticity within the water column. 

Consistent, diurnal sea breeze activity occurs along two 
thirds of the world’s coastline, especially in the tropics and 
subtropics [7]. Strong sea breezes have been shown to support 
the creation of sea breeze wave-driven nearshore currents and 
can lead to an increase in the mean longshore current from 
<0.05ms-1 to 1.0ms-1 [10]. Perth is affected by one of the 
strongest and most consistent sea breeze systems on earth with 
~200 sea breezes annually (nearly daily during the summer 
months). The sea breeze in southwestern Australia differs 
from the ‘typical’ shore-normal sea breeze as it typically 
blows parallel (north-south) to the shore due to the interactions 
between the breeze and geostrophic winds from the synoptic 
weather patterns [8]. The sea breeze starts at 13:45 hr and 
blows until 20:45 hr with an average mid-afternoon velocity of 
5.7 ms-1[8], although Pattiaratchi et al. (1997) [10] found that 
velocities of 10 ms-1 can occur in the summer months of 
January and February. The Perth land breeze that occurs at 
night typically has speeds of less than 5 ms-1. At the onset of 
the sea breeze, the wind direction changes rapidly from an 
easterly to a southerly direction and is associated with a rapid 
increase in velocity [7]. Inman and Filloux (1960) [5] noted 
that at most locations worldwide the effect of the sea breeze is 
usually masked by high wave energy, large tidal ranges and 
phase-coupling between the diurnal sea breeze and semi 
diurnal tide. This makes the study of the sea breeze effects 
especially relevant in low energy, microtidal coastlines such as 
Perth. 

Previous findings such as by Rosenfleld (1988) have shown 
diurnal currents to be strongly surface intensified due to 
diurnal period wind stresses. Diurnal sea breezes have 
however been found to both support as well as inhibit the 
formation of eddies [13], [4]. Whether or not the eddies in the 
Perth coastal region are supported or inhibited by the local sea 
breeze will be determined in this study. 

The ocean currents along WA’s coast are ruled by the 
southbound Leeuwin Current and its counter current, the 
Capes Current, which occurs closer to shore during the austral 
summer (Fig. 1).  
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Fig. 8 8 consecutive figures depicting the wind induced surface 

currents of the Rottnest Island region in 3 hourly steps 

IV.   DISCUSSION  
It was found that the surface currents of the Rottnest Island 

region are strongly imposed upon by the daily sea breeze. 
During periods of strong southerly winds, such as periods 1 
and 3, the Capes Current is easily recognizable within the 
surface currents. The general direction of flow is northwards, 
coinciding with the Capes Current, yet also allowing for the 
formation of eddies at the surface of the water column. When 
the so-called Fremantle Doctor does not set in however, the 
surface currents undergo complete cyclic rotations, allowing 
for a southward flow in the late afternoon and northerly flow 
over night as seen in the 24-hour period 4. This proves the 
intensity of effect that the wind has upon the surface currents 

in this region, allowing for a complete reversal of flow 
direction. 

The formation of eddies could aid in the vertical mixing of 
sea water, altering the depth of the mixed layer [12]. This 
could lead to potential upwelling, vertical and horizontal 
transport of nutrients as well as contaminant distribution. 

It has been found that the population genetic structure of 
marine populations, for example fish, coral or mollusks, is not 
necessarily dependent on physical distance but more so on the 
climatology of the surface currents [15]. Circuitous currents, 
such as eddies, can prevent mixing and diffusion of pelagic 
larvae, prohibiting pelagic larval dispersal from Euclidean 
distance [14]. Near sites may never mix whilst distant sites 
may be strongly connected by a current, implementing strong 
genetic resemblances amongst the populations. In order to 
ensure the sustainability of marine populations along the coast, 
fisheries must be aware of the ongoing movement of the 
surface currents in order to account for larval distribution and 
hence population connectivity [6]. The results show that 
northbound transport of larvae will only occur during sea 
breeze events originating from the south-west, allowing the 
Capes Current to travel northwards along the coast. During 
periods of strong northerly winds however, the frequency of 
eddie occurrences increases, inhibiting the distant transport of 
larvae (and/or nutrients and pollutants) up the coast, but rather 
capturing them within the region or even allowing for a 
southerly distribution (Fig. 5 and 7). 

Further investigation shall be undertaken to determine the 
significance of wind strength and bathymetry of the 
underlying region on the formation, duration and vorticity of 
sub-mesoscale eddies. 
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