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2 Freeboard mapping 

Freeboard is intended to allow for uncertainty in model predictions, due to uncertainty in model 

data and assumptions (e.g cross-section changes, inflow assumptions, channel and surface 

roughness) and due to the possibility of such phenomena as waves, debris blockages or 

localised obstructions. 

Note that the resulting flood surface is not intended to represent a single actual flood surface 

over the entire inundated area, but rather to indicate what should be allowed for at a particular 

location. 

2.1 Defined freeboard allowance 

According to the BOPRC Asset Management Plan for river scheme assets (BOPRC, 2021), the 

design standard for the lower Utuhina Stream downstream of Old Taupo Road calls for 

protection from a 1% AEP event, with 500 mm freeboard.   

However, as discussed in the previous Utuhina modelling report (DHI, 2021), 700 mm freeboard 

should be applied to the current model results, in light of calibration results.  This has been 

applied to the entire modelled reach of the Utuhina Stream.  It has also been applied to the 

Mangakakahi Stream downstream of Old Taupo Road.  For the remaining watercourses,  

500 mm freeboard has been applied. 

The previous report (DHI, 2021) included a recommendation that a minimum of 300 mm 

freeboard be applied over the floodplain. After subsequent discussion with BOPRC, this is 

increased to 500 mm.  This is also consistent with general provisions in the Building Code 

(MBIE, 2020). 

Thus, in summary the defined or nominal freeboard allowances are: 

• Utuhina Stream channel: 700 mm 

• Mangakakahi Stream channel, downstream of Old Taupo Road: 700 mm 

• remaining 1-D channels: 500 mm 

• floodplain: 500 mm 

2.2 Incorporating the freeboard allowance 

Simply adding the defined freeboard to results leaves a discontinuity, i.e. a vertical wall of water, 

at the margins of the predicted flood extent.  Alternatively, extending the “with freeboard” surface 

until it meets the ground level potentially extends the flooded area by unrealistic amounts, 

especially in very flat floodplains.  To avoid these issues, a method for hydraulically distributing 

the freeboard has been used (Wallace, 2008). 

As applied to the Utuhina investigations, the method involves the following steps: 

• Extract the peak flood levels from the 1-D and 2-D components, for each of the 
“urban-centred” and “upper-Utuhina-centred” storms, 

• Determine the maximum flood level between the two “urban-centred” and “upper-

Utuhina-centred” storms, at all locations in the model domain 

• Add the defined freeboard to the peak levels  

• Run the model with a starting condition of these “with freeboard” levels and zero 

flow.  

 



Freeboard mapping  

 5 

In effect, a block of water (equal in height to the defined freeboard) is added on top of peak flood 

levels and that water let to spill. Once the simulation has proceeded long enough so that water 

levels everywhere are receding, the simulation is stopped. The peak levels reached on the 

floodplain in that simulation then become the final “with freeboard” flood surface. 
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3 Hazard mapping 

In addition to the depth of flooding, the degree of flood hazard, and risk to human safety, is also 

a function of flood velocity.  Flood hazard maps are therefore a useful tool for emergency 

management. 

3.1 Depth x velocity 

A simple way of presenting flood hazard information is to plot the peak values of the product of 

instantaneous depth and velocity (i.e. depth x velocity). The higher the product, the greater the 

hazard. 

3.2 Hazard classification 

As depth x velocity may not adequately represent the actual risk to human safety (for instance, 

deep floodwaters with near-zero velocity would give a very small value of depth x velocity), 

hazard can also be categorised according to zones on a velocity versus depth graph.  Variations 

of such classifications can be found in the literature.  One of these was first presented in a 

research document by Smith et al (2014) and subsequently adopted in Australian guidance 

(AIDR (2017) and DPE (2022)).  It has been reproduced in Figure 3-1 and has been used in this 

current investigation. 

Having such a classification also allows the areas within the “freeboard zone” (i.e., the margins 

of the floodplain that are not shown as flooded in the raw model results but are shown as 

flooded once freeboard is included) to be assigned a hazard.  With a purely “depth x velocity” 

approach, velocities in the “freeboard” zone are uncertain and possibly small.  Assuming a zero-

velocity in the freeboard zone still allows a hazard class to be assigned.   

The classification also puts the nature of the hazard into context, with its explanation of who and 

what would be at risk in each class.  While the depth-velocity product can show the relative 

differences in hazard between different areas, the actual values of the product are perhaps of 

little use in explaining the hazard.  
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Figure 3-1 Flood hazard classification  

 

  

Reproduced from Figure 6 of AIDR (2017) 
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4 Existing situation results 

The calibration and design scenarios modelled earlier and reported in the 2021 DHI report are 

based on the existing level of development in the catchment.  Floodmaps (showing depths and 

extents) are presented in that report. 

4.1 Freeboard maps 

Freeboard maps have now been prepared for the 2% AEP and 1% AEP (2130 climate) 

scenarios, using the method described in section 2 of this current report.  These are presented 

in Figure 4-1 and Figure 4-2, respectively.  These can be compared to Figures 6-23 and 6-24 in 

the 2021 report. 

All maps shown in this report represent results from the maximum of the urban- and upper 

Utuhina-centred storms at any location. 

Note that the 2% AEP freeboard simulation was carried out with v2022 of the MIKE FLOOD 

software, whereas all others reported here were carried out with v2017 (to be consistent with the 

original modelling as presented in the 2021 report).  Tests for the 1% AEP freeboard simulation 

show that there are some minor differences in results between the two versions of the software. 

Finally, note that an update to Rotorua Lake design levels is anticipated.  Once that Rotorua 

Lake Levels Assessment is completed, design surface water levels in the vicinity of the lake will 

be updated, including a suitable allowance for uncertainty in lake levels due to wave runup, 

seiches and tectonic effects.    
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Figure 4-1 Flood map, 2% AEP 2130 climate, with freeboard allowance 
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Figure 4-2 Flood map, 1% AEP 2130 climate, with freeboard allowance 
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The effect of the freeboard allowance for the 1% AEP 2130 scenario, compared to the “without 
freeboard” scenario, is also shown in Figure 4-3.  Most of the differences are around 500 mm 
difference, but there are areas of greater difference near the Utuhina Stream.  The lake area 
shows as around 100 mm difference, as a 1% AEP lake level condition was assumed at the 
downstream boundary (rather than adding the 500 mm nominal freeboard there). (As noted 
above, design levels in the vicinity of the lake will require updating once an updated Rotorua 
Lakes Level Assessment has been finalised.) 

 

 

Figure 4-3 Difference, with and without freeboard allowance, 1% AEP 2130 climate 

4.2 Hazard maps 

4.2.1 Depth-velocity product 

Predicted maximum values of the instantaneous (depth x velocity) over the floodplain are shown 
in Figure 4-4, for the 1% AEP 2130 case.   


































































