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Memo  
9 November 2009 
 
 
To answer your questions regarding our flood forecasting models/methods for the Wairau River, 
including; 
 

• Description and origin of each method. 
• How do they perform. 
• What improvements can be made, if any? 
• Fine tuning, feedback to Niwa, worth investing any further money? 
• Other methods, simple graphs and/or calculations ( need refinement??) 
• Timeliness of info for forecasting peaks and times, timeliness of data used (ie, yesterdays rainfall, not 

todays actual etc)?? 
 
 
There are currently three main methods of flood forecasting for the Wairau.  I have checked each of them 
against recent flood events to check their current performance as follows; 

Marlborough Catchment Board rainfall based estimation; 
This was originally developed in about 1987.  It is a unitless “black box” relationship where the input is 
the combined 9 hour rainfall from three key rainfall sites (Branch, Top Valley, Onamalutu), and the 
output was originally stage level at Tuamarina.  As the response to rainfall runoff varied according to 
preceding soil moisture conditions, and the storm path, subjective adjustments were necessary to the 
assessment.  This “grey” factor was a matter of judgement for the forecaster, and could be quite 
significant.  Timing is generally 8-10 hours after peak rainfall accumulation. 

With significant changes in river bed levels, and therefore ratings at Tuamarina, over recent years, the 
resulting stage changes have also had to be factored into the assessment, making it less useful. 

I have assessed a limited number of recent events against the general concept of the method to see if it is 
useful redeveloping it as a rainfall-flow relationship.  There is a significant variation in the results, and as 
a numerical method it is not highly successful.  However a rule of thumb can be used, that peak flow at 
Tuamarina will be about 15 to 40 times the average 9 hour rainfall at the three sites, eg; 

• Average rainfall over 9 hours of 50mm, flood size 750 to 2000 m3/s. 

This may not seem useful, but subjective adjustments can be made according to knowledge of precedent 
conditions, and recent rainfall.   For very high soil moisture conditions or precedent river flow, the 
forecast would tend toward to the upper numbers, for low soil moisture conditions or precedent river flow 
toward the lower numbers.  This means the method can be used for rough flood prediction based on a 
MetService weather forecast, well in advance of any rain falling, allowing floodgate checks, and staffing 
requirements etc to be considered. 
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A further factor needed to be “mentally” incorporated into the MCB method was the degree of spillover 
from the Richmond Range onto the southern Wairau Valley hill country.  It is notable that the biggest 
floods in the Wairau inevitably have significant runoff generated from the southern catchments such as 
Wye, Boundary Creek, Hillersen Stream, Marchburn River etc.  Any good rainfall runoff model for the 
Wairau would need to include key south bank raingauges such as Spray, and Charlies Rest. 

Upper catchment flow recorder information equation 
A simple equation was developed predicting flow at the lower site of Tuamarina to be based on upper 
catchment sites of upper tributaries of the Branch and Onamalutu.  The equation developed was  5 times 
the Branch flow, plus 15 times the Onamalutu flow at the same time.  Again I have checked this against 
recent events, the results are fairly good, most events were defined between +40%, and  -15% of the 
actual flow. My assessment suggests that the relationship results are a little high, and that the answer 
should be reduced by about 12.5%.  However in general the method works well, which is not surprising, 
as using actual runoff reduces any potential errors caused by preceding conditions. 

Also encouraging is that the relative timing of the peak gives a lead time similar to the older rainfall based 
method, varying between 8 and 11 hours. 

The equation is likely to overestimate flows in very large events; for instance in the February 1995 event 
the Branch peak was 430 m3/s, against a Wairau peak of 2636 m3/s.  Factoring the Branch up five times 
gives 2150 m3/s, without any allowance for the Onamalutu part of the equation.  Similarly in 1983 the 
Branch flow of 1280 m3/s would have overestimated the Wairau peak, without any allowance at all for 
Onamalutu flows.   However this overestimation errs on the side of caution, and as long as it is 
remembered and allowed for, it is not a serious flaw.  The 12.5% reduction mentioned above may reduce 
this over estimation. 

One of the prime advantages of this method is that as it is very simple, it has been able to be incorporated 
into the hydrological database as a ‘virtual’ site, and is currently running in real time, with no intervention 
necessary.  A plot of the last three months results are shown below. 
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NIWA model 
Council has for some years had a rainfall-runoff model developed by NIWA, which uses both Mesoscale 
meteorological forecasts, and real time MDC rainfall data to forecast Wairau flows.   

The perceived benefit of the model was it’s ability to forecast in advance of any rainfall, using the 
Mesoscale forecast.  However the model has never given particularly consistent results, seeming to 
struggle initialising to the current soil moisture situation, and lacking the ability to recalibrate according 
to actual observed  flow figures.  Two recent events for which the model was run gave contrasting results 
which illustrate this; in May 2007 the final forecast flow was 1600-1800 m3/s, but the resulting peak was 
only 900 m3/s, while in April 2009 the event was forecast throughout as being in the range of 1000 to 
1400 m3/s, which was close to the final peak of 1200 m3/s. 

The NIWA model is cumbersome to run, requiring staff to be in the office.  Also recently the Mesoscale 
function has been lost, as NIWA move to their new “EcoConnect” hazard forecasting model.  Without the 
Mesoscale function it is doubtful whether the NIWA model has any advantages over the upper tributary 
catchment equation. 

SUMMARY 
Of the three current options being used in house at present, the upper tributary catchment equation is the 
most useful for real time forecasting, being simple yet reasonably accurate.  Further calibration can be 
achieved using the results of future events. 

The old MCB estimation method can be used as a rule of thumb preceding events, at no great cost or 
effort, and as a backup to the tributary cathcment method. 

There is no great advantage seen in the NIWA model over the tributary catchment method, but in major 
events when the office is manned, it could be used as confirmation of the other two methods. 

POSSIBLE FUTURE OPTIONS 
If improvement over the existing flood forecasting methods is required, there are several comprehensive 
flood forecasting models which may be suitable.  These are not cheap options, and would probably 
require advance budgeting. Two such models are listed below.   

It should be noted that the additional flow information which will become available from the Wash 
Bridge site, and the proposed TrustPower Goulter, and Narrows sites in the future will allow significant 
refinement of calibration and timing for any models. 

EcoConnect Model 
NIWA are advertising EcoConnect as their tool of the future, it is being promoted as being more capable 
than past NIWA models, but is as yet unproven.  It runs on the NIWA Cray Supercomputer, as it requires 
significant processing power.  As such it is reliant on continuous on-line access to the NIWA site.  Otago 
and Bay of Plenty are believed to be running or trialling EcoConnect at present, and there is an article in a 
recent NZ Hydrological Journal on it. Some details of the EcoConnect model are appended to this email.  
Initial purchase and setup costs are less than the DHI model mentioned below, but the ongoing fee is 
believed to be $30,000 per year per catchment modelled. 

DHI model 
Danish company DHI produce a flood model which uses Mike 11 processes.  This has recently been 
purchased by Tasman District Council as their model of choice after a tender process which included 
EcoConnect as an option.  Costs for initial setup are not cheap, but additional catchments, and ongoing 
costs are moderate. No external web connections are necessary to run the process.  Tasman are happy 
with their purchase at this stage, and DHI have also supplied their model to Waikato, and Environment 
Canterbury.  Some details are attached to this email.  The TDC has offered to do a first cut assessment on 
the Wairau using his DHI model if we supply him with the appropriate data. 

\\vwa....O:\Staffworkingfolders\R-Z\VWa\Flood prediction.doc  Saved 09/08/2010 14:57:00 


