
Report to the Environment Committee 16 October 2014 

Purpose 
1. To present to the Committee the hydrodynamic model report for the Queen Charlotte Sound. 

Background 
2. Council contracted NIWA to develop hydrodynamic models of the Queen Charlotte Sound (QCS) and 

Pelorus Sound.  This report deals with the QCS model. 

3. A hydrodynamic model simulates water movement from tides, wind and residual currents. NIWA has 
developed a 3 dimensional model which models changes in the temperature and stratification of the 
water column over seasonal and annual periods. 

4. The model has also been linked with water quality (nutrients) and ecological (phytoplankton and 
zooplankton) processes.  NIWA has tested the model with several scenarios related to the effects of 
existing and new fish farms on Queen Charlotte Sound and Tory Channel. 

5. The Council’s water quality monitoring data collected monthly over the last three years was used to 
help calibrate the hydrodynamics and water quality modelled patterns. 

6. NIWA presented a progress report to the Committee in May 2014.  The final report has now been 
received.  The report runs to 183 pages, so only the 5 page Executive Summary is attached. 

Comments 
Robustness of model 
7. The model was produced by three NIWA scientists: Drs David Plew, Niall Broekhuizen and Mark 

Hadfield.  It was peer-reviewed by Ben Knight of the Cawthron Institute prior to the Council receiving 
it.  

8. The Cawthron review described the model as acceptable in its attributes and performance.  However, 
like all models, refinements are recommended to better understand the dynamics of particular areas 
where finer-scale modelling would be beneficial, such as for Tory Channel. 

9. A subsequent paper to the Committee will outline potential future development work once the 
recommendations have been considered for this model, and the Pelorus model once completed.  

Hydrodynamic findings 
10. The model revealed that Tory Channel is an efficient pump or “mixing pipe” exchanging water between 

Cook Strait and QCS (Figure 1).  Large tidal flows through Tory Channel allow for exchanges of water 
(and nutrients) between central QCS and Cook Strait. 

11. These tidal fluxes range in volume from ~20,000 m3s-1 to ~30,000 m3s-1 during the monthly tidal cycle, 
keeping the waters in Tory Channel well-mixed in the water column throughout the year.  

12. In addition, there is a sub-tidal flow of cooler and more saline water from Tory Channel into inner QCS.  
The sub-tidal flows join the prevailing estuarine circulation pattern in QCS.  Cooler, deeper water from 
outer QCS also flows into the inner sound, which is then transported to the outer QCS as warmer 
surface waters out in a clockwise direction around Arapawa Island.    

13. Interestingly the volume of water coming through (the much smaller) Tory Channel is much larger 
during each tide than through the outer QCS entrance. 

14. The Inner and Outer QCS are stratified in summer (warmer waters in surface layer).  Flushing times 
vary as a result, with flushing occurring more quickly in summer as warmer waters are replaced by 
upwelled deeper water from Tory Channel.  Residence times of water were estimated as being up to 
35-46 days in the inner QCS and 11 days in Tory Channel.  
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Figure 1: Model of mean current speed based on one year’s hourly data.  The colour chart reflects the relative speed of the current in a 

log scale, with the red colour 100 times faster than the dark blue. 

 

Biophysical model 
15. A biophysical model attempts to figure out how nutrients interact with plankton.  This is relevant as 

excessive nutrients can cause plankton to increase to levels where algal blooms may result.  Algal 
blooms can also occur naturally due to temperature stratification in the water column, and long water 
residence times.  For example, this occurs in Opua Bay in Tory Channel from time to time. 

16. Nutrients originate from upwelling from coastal shelf formations, the effects of aquaculture and/or land-
use.  In the Marlborough Sounds, nitrogen is the only element that might limit biological activity.  
Nitrogen is naturally at low levels in the Sounds, so it is limiting to plankton growth.  At certain times of 
the climate cycle, such as in El Nino, more nutrient-rich upwelling occurs due to favourable wind 
conditions from the NW forces colder waters into the Sounds.  A consequence of this is faster mussel 
growth. 

17. It is when nutrient levels significantly exceed these normal fluctuations that would be concerning.  This 
is called a ‘trophic change’, which is another way of saying that conditions at the base of the food 
chain have been fundamentally altered.  This would be evident in much more frequent algal blooms, 
discoloured murky water, and a likely reduction in fish life from changes to the food chain.   

18. This is one of the reasons Council undertakes regular state of the environment water quality 
monitoring.  The time series of the data collected (since 2011) has also proved also very useful for 
modelling the scenarios of increased nitrogen discharge.  

19. NIWA ran three model scenarios to better understand the effects of nitrogen originating from existing 
mussel farms, and from new and existing fish farms.  The effects of the Picton waste-water discharge 
were also included in the model, but non-point source catchment discharges after rainfall were 
excluded as monitoring had shown the level of nutrients was lower than occurring in seawater. 

20. The scenarios also looked at different ways nitrogen may or not may not be available to plankton 
through sediment chemistry processes.  This is because nitrogen is cycled in different forms through 
the sediments and water column.  For example, the effects of denitrification processes were simulated, 
which is where nitrogen becomes biologically unavailable in seafloor sediments 
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21. Scenario 1 modelled QCS as if there was no aquaculture but with denitrification.  Scenario 2 was also 
without aquaculture but without denitrification.  Scenario 3 modelled the effects of all existing and new 
fish (and mussel) farms without any loss of nitrogen.   

22. The key take home message from the report is that the effects of new and existing fish farms are 
within the bounds of natural variability.  In other words, the modelled discharge of nitrogen is unlikely 
to cause any long-term negative ecological effects.  NIWA’s opinion is that the combination of winter-
time light limitation, relatively rapid-flushing, and seabed denitrification make it unlikely that the present 
levels of fish farming will result in a trophic change of nutrient over-enrichment. 

Next steps 
23. The NIWA report makes a number of recommendations for further work to improve the model.  These 

will need to be carefully considered to ensure the Council’s investment in the model is maximised.  A 
report back to the Committee will be made sometime in early 2015. 

24. A key goal is to make the model accessible for industry and the community.   Council’s contract with 
NIWA means that future scenarios (as opposed to further development work) can be run at a nominal 
cost.  Once the Pelorus model has been completed, Council and NIWA will run a workshop with 
industry and interested members of the community.  This is to ensure that the capability and limitations 
of both the QCS and Pelorus models will be more widely understood. 

25. The report in its entirety will be made available on Council’s website.  However, given that it is a 
complex technical document, a public summary will be developed.  The feasibility of having interactive 
animations on Council’s websites to improve accessibility will also be examined. 

Summary 
26. NIWA has now delivered the contracted hydrodynamic-biophysical model for Queen Charlotte Sound.  

The Cawthron Institute has peer-reviewed it and assessed it as an acceptable and defensible model.  
The underlying circulation patterns in QCS have been identified.  The model tests scenarios including 
current future effects of fish farms on the ecology of the Sounds.  NIWA conclude the permitted level 
of fish farming is unlikely to cause a trophic change to the ecosystem.  A work programme is shortly to 
get underway to consider the recommendations of the report for further development work, and to 
make the model more accessible for industry and the community. 
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