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Outline 

• Introduction 
• Modelling setup 
• Seasonal production  
• Cyclonic influence 



The North West Shelf 

PILBARA 

TANTABIDDI 
(NINGALOO) 

• Has a wide continental 
shelf. 

• Home to a large offshore 
oil and gas industry 

• Also home to pristine 
habitats of international 
ecological significance 
(e.g. Ningaloo Reef, 
Scott Reef) 



• Tidal forcing is important 
ranging from O(1m) 
amplitude in Exmouth to 
O(10m) in Kimberley 

• The energy transfer from 
surface tides to internal 
tides to small-scale 
processes is among the 
most vigorous in the world 

• During summer the region 
is affected by aperiodic 
cyclones. 

 

The North West Shelf cont 

Figure from 
Bluteau et.al 
2011 



Motivation 

• The NWS waters are nitrogen limited but still 
have moderate rates of productivity. 

• The rate of productivity is strongly influenced 
by mixing due to tidal action and cyclonic 
activity 

• In this work we investigate tidal mixing and 
cyclonic influences in the biogeochemical 
dynamics on the NWS. 



The physical model configuration 
• Regional Ocean 

Modelling System 
(ROMS) 

• Includes the NWS and 
the start of the Leeuwin 
current. 

• Hycom is used for initial 
and boundary 
conditions. 

• BOM is used for 
atmospheric forcing. 

• Approx  3km resolution 
• Tidal forcing from 

TPXOv7.1 
 

 
 

Bathym
etry 



The Biological model configuration 
• NPZD model of Powell (2006, 

part of the ROMS suite) is 
used 

• Initial and boundary nitrate 
come from a 
temperature/salinity/nitrate 
relationship calculated using 
CARS 

• Zooplankton, phytoplankton and detrital initial and boundary 
are set to a small seeding value (0.01 mmol N/m^3).  

• Model runs are made for the period of Nov 2011 to May 
2012 

 



Depth average phytoplankton 



Vertical structure of phytoplankton 



Seasonal Production on the NWS 

• The addition of tides significantly increases 
concentration of biomass on the shelf 

• This is done by both the surface and internal 
tide by mixing processes. 

• About 40% of the loss of tidal energy at the 
continental slope propagates onshore. A 
significant proportion of this energy can be 
used in mixing (Holloway 2001; van Gastel et 
al 2009; Bluteau et al 2014).  



Depth integrated fluxes 
of nitrate are calculated 
at the P100 mooring. 

Tidal fluxes are  
similar to subtidal 
fluxes  
Subtidal fluxes are 
due to processes like 
wind driven upwelling 

Tidal fluxes of Nitrate 



Cyclonic influence 

As the cyclone passes there is 
mixing and uplift which cools the 
surface layer 

This brings up nitrate which 
then results in a phytoplankton 

bloom 

Lua 



Cyclonic influence 
Rusty 

As the cyclone passes there is 
mixing and uplift which cools the 
surface layer 

This brings up nitrate which 
then results in a phytoplankton 

bloom 



Severe Tropical Cyclones Lua and Rusty   
(March 2012 and April 2013) 

k. Jones et al., 2014 (in prep) 
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Annual cyclone frequency and chl-a 
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2005: 7 named 
cyclones, 5 
“severe” in region 
 
1999, 2003 also 
active cyclone 
seasons 
 
Also… 2010-
2011, marine heat 
wave, decreased 
regional 
production  



Summary 

• Biogeochemical dynamics were investigated on 
the Australian Northwest Shelf using 
observational and modelling techniques 

• Tides have a large effect on primary production 
on the NWS as they mix and transport nutrients 
into the surface waters 

• Cyclones also have a large influence on primary 
productivity on the NWS 

• There is evidence of a link between annual 
cyclone frequency and higher than average 
annual productivity.  
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