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Disclaimer 

This internal series report has been prepared for the use of Waikato Regional Council as a reference 
document and as such does not constitute Council’s policy.  
 
Council requests that if excerpts or inferences are drawn from this document for further use by individuals 
or organisations, due care should be taken to ensure that the appropriate context has been preserved, 
and is accurately reflected and referenced in any subsequent spoken or written communication. 
 
While Waikato Regional Council has exercised all reasonable skill and care in controlling the contents of 
this report, Council accepts no liability in contract, tort or otherwise, for any loss, damage, injury or 
expense (whether direct, indirect or consequential) arising out of the provision of this information or its 
use by you or any other party. 
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Abstract 
This report presents the methodology and results of a rapid flood hazard assessment of the 
Hauarahi Stream, Kaiaua. It also includes background information on the March 2017 river flood 
event in the Hauarahi Stream, and on the history of options for flood, river and catchment 
management in the area. This report is intended to provide preliminary information to the 
Wharekawa Coast 2120 TAG (Technical Advisory Group) and Community Panel to enable  a 
better understanding of the flood hazard and risk posed by the Hauarahi Stream for different 
magnitude events and considering the effects of climate change, including projected sea level 
rise.  

The results of the hydraulic modelling show that even a 2-year ARI (50% AEP) flood event in the 
Hauarahi Stream will cause some flooding. As the magnitude of the event increases (and 
frequency decreases), the flood hazard progressively increases, for both farmland and 
residential. The projected effects of climate change on rainfall intensity alone is not shown to 
cause a substantial increase in the severity of flooding.  

However, 1.0m of projected sea level rise (SLR) is shown to increase the flood hazard such that 
the majority of Kaiaua township may be inundated. Here it is important to note that much of 
the flooding in the lower reaches is the result of SLR causing coastal inundation, rather than river 
flooding. This highlights the importance of considering the effects of river flooding in 
conjunction with those of coastal inundation, particularly when assessing mitigation options. 

Further investigation and assessment will be required for any specific flood protection 
mitigation options, as determined by the community planning process. 
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1 Introduction  
The Wharekawa Coast 2120 project aims to bring the Wharekawa coastal communities together 
to define their path for the future, while enabling that path to respond to changing conditions 
(such as those caused by projected climate change). Wharekawa Coast 2120 will look at a wide 
range of issues around the coast, to provide for a resilient and prosperous future, with a focus 
on:  

• climate change and natural hazards 

• future development and land use 

• economic opportunities 

• community infrastructure. 
 
To understand the impacts of climate change and natural hazards in the Wharekawa Coast 2120 
project area, the following suite of assessments and reports have been or are being compiled: 

• Coastal processes, drivers and hazards (coastal inundation, coastal erosion and tsunami) and 
climate change effects 

• River flooding of the Hauarahi Stream (this report) 

• Wharekawa Coast River flood susceptibility 

• Land stability 

• Coastal Ecology Preliminary Assessment 

• Social Impact Assessment for Wharekawa 

• Wharekawa Coast 2120 Natural Hazard Risk Assessment. 
 
More information on the project can be found here https://wharekawacoast2120.hauraki-
dc.govt.nz/. 
 
The above assessments are intended to provide the Wharekawa coast 2120 project team and 
the community with an initial understanding of hazard processes and impacts.  More detailed 
assessments are likely in the future for priority areas identified in the above reports. 

1.1 Scope 
 
This report is intended to provide an initial assessment on: 

• which areas are at most risk of flooding from the Hauarahi Stream 

• how the severity of flooding changes with different frequency flood events 

• how the severity of flooding may change with the projected effects of climate change. 
 
This will provide the Wharekawa Coast 2120 TAG and Community Panel with preliminary 
information to help them understand the river flooding hazard in the context of other natural 
hazards that the Hauarahi Stream is exposed to, such as coastal inundation (the primary natural 
hazard for the project area). It will also enable the Community Panel to start to consider what 
mitigation measures may be appropriate.  
 
This rapid flood hazard assessment has been carried out by a Waikato Regional Council (WRC) 
Senior Engineer using the best available information and methodology.  The methodology and 
available data is regarded as being sufficient to provide initial guidance on flood hazard and risk 
for the Hauarahi Stream. 
 

1.2 Limitations 
 

https://wharekawacoast2120.hauraki-dc.govt.nz/
https://wharekawacoast2120.hauraki-dc.govt.nz/
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There are limitations to the modelling method and results due to the lack of historical rainfall 
and river flow data and the absence of cross section data for the Hauarahi Stream. Therefore, 
further survey and assessment will be required should a more detailed/robust flood mitigation 
response options package be required for hazard planning purposes.  

2 Background  

2.1 March 2017 flood event 
The Hauarahi Stream has a history of significant flood events, with the most recent occurring in 
March 2017 (colloquially known as the Tasman Tempest), which also affected a wider area. The 
size of the event varied across the affected areas with the heaviest rainfalls recorded in the 
Hunua area (Mangatangi rain gauge). The rainfall recorded at Mangatangi was approximately 
0.5% AEP (annual exceedance probability) which is equivalent to a 200-year ARI (average 
recurrence interval) for 6 and 12 hour time intervals (based on HIRDS v4). The persistence of the 
rainfall throughout the week played a significant role in worsening impacts, with short gaps not 
allowing for full clean-up or any significant channel clearing work. 

The event caused a significant amount of disruption to infrastructure such as roading, power 
networks and water supplies. Kaiaua was isolated due to flooding on roads from the early hours 
of the morning until just before midday on 8 March. WRC staff were sent to investigate the 
situation in Kaiaua (Figure 1  Floodwaters and farmland damage (left); and mangroves 
encroaching Hauarahi Stream (right) on 8 March (when WRC staff visited)), where several 
houses were inundated and farmland damaged. Hauraki District Council assisted residents with 
sandbagging to protect properties from flood water. Some of the flooding originated from the 
Hauarahi Stream where the channel capacity was reduced because of mangrove growth. WRC 
does not currently have any channel clearance agreements in place here, although work is 
underway with Hauraki District Council (HDC) to undertake some routine river management 
work to improve water flow and stability of the main channel. 

 

    
Figure 1  Floodwaters and farmland damage (left); and mangroves encroaching Hauarahi Stream 

(right) on 8 March (when WRC staff visited)  

2.2 Flood, river and catchment management history and 
options 

2.2.1 Level of works/rating currently provided 

The Wharekawa Coast 2120 area is located outside the Waihou-Piako Catchment Zone rating 
area and therefore does not currently receive any flood protection or river management works 
and services. Further investigation following queries from members of the community relating 
to their 2017 WRC rate notices confirm there was no formal offer of “Flood Protection” and/or 
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“River Management” services nor related charges imposed on those properties situated within 
the Kaiaua/Miranda area.  

However, some properties that lie outside the Kaiaua/Miranda area and consider themselves to 
be part of the Kaiaua community are situated within the adjoining Waikato River catchment. As 
such, a river and catchment service rate is applied to properties in that area, so they would be 
eligible for flood protection and/or river managements works and services from the Lower 
Waikato Zone. 

However, all properties within the project area are charged a general (regional) rate that 
provides for other services to be delivered by WRC including natural hazard investigations, 
severe weather warnings and civil defence. 

It is worth noting that part of the Wharekawa Coast 2120 area (north of Kaiaua) was previously 
part of Franklin District and the Auckland region (until 2010). Thus, this area had never been 
rated or had works undertaken in the past by WRC. 

2.2.2 Catchment management (non-WRC) 

The Department of Conservation (DoC), Fonterra and Te Whangai Trust are working together to 
undertake a wide range of catchment management activities in the Kaiaua/Miranda area aimed 
at improving the health of the upper catchments. Much of this work has been funded through 
Fonterra’s Living Waters programme and WRC’s Environmental Improvement Fund (EIF). While 
WRC catchment management staff have been providing advice and support, these projects are 
not WRC led or funded. More information on the Living Waters project in the area can be found 
on the Living Waters website: https://www.livingwater.net.nz/#pukorokoro-miranda-
catchment. 

The EIF community fund has focused on the formation of community catchment groups and 
prioritising a catchment plan. The Kaiaua/Miranda catchment area has been “subdivided” into 
a north, south and central catchment zone to work in with the (DoC/Fonterra) Living Waters 
project. Each “zone” has been assigned an action group tasked with developing their respective 
visions for the next 15 years, including prioritised actions and identification of gaps. The groups 
will then apply for further funding to help them develop and implement those plans. The focus 
is on the broader biodiversity outcomes, not just river and catchment management. 

2.2.3 River and catchment services that WRC can offer to Wharekawa Coast 
communities 

Table 1 outlines the range of river and catchment services provided by WRC across the region, 
how they are funded and their relative cost implications. These options were outlined to the 
Kaiaua Works and Services (KWS) governance group in 2017 (KWS project described below) but 
no decision was made. 
 
Table 1  Options for river and catchment services that WRC can offer 

Option  Description  How funded Indicative cost 
implications 

(low/med/high)* 

Baseline service 
 

• River engineering information 
and advice 

• Severe Weather notifications 

• WRC hazard advisories 

• No physical works 

General rate Low  
 
Service covered in-kind 
via the general and/or 
the zone catchment 
oversight rate. 

River management 
(channel 
maintenance) 

As above, and including: 

• Sediment and gravel removal to 
maintain channel stability 

Targeted rate Medium 
 
$5,000 to $100,000 

https://www.livingwater.net.nz/#pukorokoro-miranda-catchment
https://www.livingwater.net.nz/#pukorokoro-miranda-catchment
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 • Removal of debris/obstructions 
during/post floods 

• River erosion control  

• Consents maybe required 
depending on scope and nature 
of work 

River and catchment 
management 

All of the above, and including: 

• Support for landowners to 
undertake fencing and planting 
of wetlands, bush, and streams. 

Targeted rate Medium 
 
$5,000 to $50,000 

Flood protection • Construction of stopbanks 
and/or floodwalls 

• Floodgates and/or floodpumps 

• Could be implemented inclusive 
or exclusive of river and 
catchment services described 
above (although an integrated 
approach would be 
recommended) 

Targeted rate High 
 
$1.0M to $5.0M  
(or more if additional 
watercourses are 
added) 

* Indicative costs only (not formal estimates). Should not be quoted as final costs. Presented here 
only to show order of magnitude. 
 

2.2.4 Kaiaua Works and Services Project 

The Kaiaua Works and Services (KWS) Project, a joint project between WRC and Hauraki District 
Council (HDC), was initiated in response to increasing community concerns regarding river 
flooding risks. The project boundary extends from Miranda in the south, to just north of 
Wharekawa in the north, covering approximately 28 catchments and sub-catchments, including 
the Hauarahi Stream. 

3 Catchment description 
The Hauarahi Stream enters the western shore of the Firth of Thames at the town of Kaiaua. The 
catchment area is estimated at 1270 hectares (ha), extending 7 kilometres (km) west from the 
coast to an elevation of 430 metres (m) in the eastern Hunua Ranges (Figure 2). Approximately 
one third of the upper catchment remains forested, with the majority of the lower catchment in 
pasture.  

The town of Kaiaua is situated on the lower coastal floodplain of the Hauarahi Stream, with built-
up areas on both the true left and right banks. The built-up areas and surrounding farmland is 
at risk of flooding from both fluvial and coastal sources.  

Landforms near the coast feature numerous shore-parallel ridges derived from former shoreline 
alignments. Historically the low-lying wetland areas in the lee of the ridges have been drained 
via a network of open channels. Over the years various bunds and embankments have also been 
formed for roading and to prevent the ingress of floodwater or tide. East Coast Road spans the 
Hauarahi Stream via a bridge approximately 300m upstream of the mouth.   

Geology in the wider catchment includes Waipapa Group sandstone and siltstone in the upper 
catchment to the north, Manaia Hill Group sandstone and siltstone in southwest, minor Miranda 
basaltic andesite in south, late Miocene Middle Pleistocene hill slope and river deposits in the 
southeast, with Holocene river deposits in the lower valley floor. 
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Figure 2  Hauarahi Stream catchment – 1270 hectares 
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4 Tides 
Sea level scenarios in both the present and future climates are detailed in Table 2. These levels 
have been taken from WRC’s Coastal Inundation Tool for Kaiaua (level in Moturiki Vertical 
Datum 1953 (MVD-53)) and adjusted to Tararu Vertical Datum 1952 (TVD-52) to allow 
comparison with LIDAR datasets. Note that MHWS is Mean High Water Spring. 
 
Table 2  Pre-defined sea level scenarios for Kaiaua 

 Sea level scenario MVD-53 level (m) TVD-52 level (m) 

Present day MHWS 1.77 1.65 

 Maximum tide 2.09 1.97 

 Storm tide lower 2.18 2.06 

 Storm tide upper 3.20 3.08 

Future climate 1m 
sea level rise (SLR) 

MHWS 2.77 2.65 

 Maximum tide 3.09 2.97 

 Storm tide lower 3.18 3.06 

 Storm tide upper 4.20 4.08 

5 January 2018 coastal event recorded at 
Tararu tide gauge 

2.97 2.85 

Source: WRC’s Coastal Inundation Tool - pre-defined sea level scenarios for Kaiaua . Note that the WRC online Coastal 
Inundation Tool uses MVD-53 for all levels. 

 
Inundation of the sea levels described in Table 2 have been mapped based on LIDAR ground 
levels. The available LIDAR datasets in the catchment and coast are comprised of three datasets: 

• 2015 LIDAR (TVD-52) – coastal foreshore 

• 2010-2011 LIDAR (MVD-53) – majority of upper catchment 

• 2007-2008 LIDAR (TVD-52) – coast and lowland 
 
These datasets have been mosaicked in order of data preference being 2015, 2010 and 2007. 
Where necessary the datasets have been adjusted in the vertical to provide a single digital 
terrain model (DTM) at 1m resolution on TVD-52. This was done by reducing the 2010-2011 data 
by -0.118m as per Figure 3.  
 
The sea level scenarios mapped (TVD-52) are: 

• Present day MHWS RL 1.65m (Figure 4) 

• Present day maximum tide RL 1.97m (Figure 5) 

• Present day upper storm tide estimate RL 3.08m (Figure 6) 

• Future climate maximum tide RL 2.97m (Figure 7) 

• Future climate upper storm tide estimate RL 4.08m (Figure 8) 
 
Note that the extent of the flooded areas shown in these figures may also include any low-lying 
land in the lee of hydraulic barriers (e.g. stopbanks/bunds and road embankments). 
 
 
 



   
 

1. Doc # 16080983 Page 7 

 
 
Figure 3  Relationship and conversions between the three vertical datums of Moturiki (MVD-53), 

Auckland (AVD-1946) and Tararu (TVD-52) 
(Source: NIWA, 2012) 

 
 

 
Figure 4  Ground levels below present day MHWS tide at RL 1.65m (TVD-52) 
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Figure 5  Ground levels below present day maximum tide at RL 1.97m (TVD-52) 

 

 
Figure 6  Ground levels below present day upper storm tide at RL 3.08m (TVD-52) 
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Figure 7  Ground levels below maximum tide with 1.0 m of projected sea level rise at RL 2.97m (TVD-

52) 

 

 
Figure 8  Ground levels below  upper storm tide with 1.0 m projected sea level rise at RL 4.08m (TVD-

52) 
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5 Hydrology 
The Hauarahi Stream catchment (1270 ha) is ungauged in terms of both rainfall and flow records, 
meaning there are no in-catchment data records of rainfall or river flows for the catchment. 
There is a rain gauge at the Mangatangi Dam just to the west of the upper catchment, and a flow 
gauge in the Orere Stream catchment approximately 15km north. Flood flows for the Hauarahi 
catchment have been assessed considering various methods as described below. 
 
Time of concentration (Tc) in the catchment was estimated using the methods of Ramser-
Kirpich, Bransby-Williams, USSCS, and TP108 - giving times of 133, 215, 81 and 200 minutes 
respectively. Tc was typically assumed to be 180 minutes when required in any of the analyses 
below, unless calculated as part of the method as in TP108. 
 
Estimates of peak flows in the Hauarahi Stream were initially assessed using TM61, the Rational 
Method and TP108. This was undertaken using rainfall depths from NIWA’s High Intensity 
Rainfall Design System (HIRDS) v4. For TM61 and the Rational Method the required rainfall 
depth was interpolated for the duration equivalent to the assumed time of concentration in the 
catchment of 3 hours (Table 3). TP108 uses 24-hour rainfall depths in its hyetograph method 
which are shown in Table 4. Also tabulated are the future climate rainfall depths for the two 
upper climate scenarios for ‘radiation concentration pathways’ RCP6.0 and RCP8.5 for the 
period 2081-2100. For the Rational Method a high runoff coefficient of C=0.7 was used, this is 
similar to that commonly used by WRC for the Coromandel catchments which have high runoff 
rates. For TP108 a Curve Number of CN=62.5 was used based on the land cover and geology in 
the catchment. 
 
Peak flow estimates for the Hauarahi Stream were also taken from NIWA’s Regional Flood 
Estimation Tool (NZ Flood Statistics Database), noting that the former NIWA tool (Stream 
Explorer) gave considerably larger flows in this catchment considering the Pearson 1991 
method.  
 
Further peak flow estimates were made considering the gauged Orere Stream as a ‘donor’ 
catchment and using flow scaling as per the Pearson and McKercher (1989) relative area 
method. The Orere catchment and flow data is considered a suitable donor, as the record length 
is over 40 years and it is also situated in the Hunua Ranges approximately 15km north. 
Consequently, it has similar geological, hydrological and land use characteristics including 
rainfall, elevation, vegetation, geology, soils, aspect and exposure. The Orere catchment area at 
the gauge is estimated at 4080 hectares, approximately 3 times the size of the Hauarahi. The 
results of this analysis are shown in Table 5. 
 
Peak flow estimates from the various methods and sources are detailed in Table 6. This indicates 
that the results of the Rational Method (C=0.7), Pearson 1991, TP108, and Orere flow-scaling 
techniques produce the most similar and agreeable results. A decision was made to use the peak 
flows determined using the Orere flow-scaling. Future climate 100y ARI flows for RCP 6.0 and 
RCP 8.5 were estimated based on increases in the 100y ARI flow for the other methods, these 
were ratios of 1.21 and 1.33 respectively.  
 
 
 
 



   
 

1. Doc # 16080983 Page 11 

 
Table 3  HIRDS v4 rainfall depths interpolated for 3-hour duration 

ARI 
(years) 

Current climate 
 
 

(mm) 

Future climate  
2081-2100 

 RCP6.0 
(mm) 

Future climate  
2081-2100 

 RCP8.5 
(mm) 

2 42 49 54 

5 54 65 71 

10 64 77 84 

20 74 89 98 

50 89 106 117 

100 100 121 132 

 
Table 4  HIRDS v4 rainfall depths for 24-hour duration 

ARI 
(years) 

Current climate 
 
 

(mm) 

Future climate  
2081-2100 

 RCP6.0 
(mm) 

Future climate  
2081-2100 

 RCP8.5 
(mm) 

2 97 109 115 

5 127 144 153 

10 150 170 182 

20 174 198 211 

50 208 237 253 

100 236 269 288 

 
Table 5  Hauarahi Stream peak discharge estimates based on flow scaling of statistical analysis of 

Orere Stream gauge using WRC flood frequency analysis of 41 years 

Catchment Orere Hauarahi 

Area (ha) 4080 1270 

Area (A0.8) 1943.25 763.91 

Ratio 1.0 0.3931 

ARI 2y 60.0 23.6 

5y 98.9 38.9 

10y 124.6 49.0 

20y 149.3 58.7 

50y 181.2 71.2 

100y* 205.1 80.6 
*Extrapolation beyond the 100y ARI event has not been included given the length of record at 41 years, estimates beyond this limit 
are likely unreliable. 
 

Table 6  Peak flow (QP) estimates (m3/s) for the Hauarahi Stream 

ARI TM61 Rational 
(C=0.7) 

NIWA 
Stream 

Explorer 
Pearson 

1991 
method* 

NIWA 
Stream 

Explorer 
McKerchar 
& Pearson 

1989 
method* 

NIWA  
NZ Flood 
Statistics 
Database  

Regional 
Flood 

Estimation 
Tool* 

TP108 Orere 
flow-

scaling 
method 

2y 21 35 19# - 11# 21 24 

5y 26 44 24 - 15 33 39 

10y 31 53 34 - 19 44 49 

20y 36 61 56 - 22 55 59 

50y 44 73 66 - 26 72 71 

100y 49 82 86 50 29 86 81 

100y RCP 6.0 59 100 - - - 104 98+ 

100y RCP 8.5 65 109 - - - 114 107+ 
* Q estimate rounded to nearest cumec 
# Mean Annual Flood instead of 2y ARI 
+ Scaled based on increase in peak flow from present climate 100y ARI to respective future climate RCP scenario observed in other 
methods – RCP 6.0 used ratio 1.21 and RCP 8.5 used ratio 1.33 
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In order to obtain a realistic hydrograph for the hydraulic modelling, the five largest flow events 
at Orere were assessed. This revealed some points of interest, namely the scale of these events 
in terms of their estimated return period frequency (30 - 700 year ARI), and the hydrograph 
shape for the various events. The Orere events in order of size were: 

• 17 Feb 1985 -222 m3/s 700y ARI 

• 8 Mar 2017 – 190 m3/s 220y ARI 

• 6 Nov 2013 – 133 m3/s 30y ARI 

• 3 Jun 2018 - 133 m3/s 30y ARI 

• 5 Sep 2001 - 132 m3/s 30y ARI 

• Events smaller than this were less than ~100 m3/s and 10y ARI 
 
These five flood hydrographs were normalised about their peak (Figure 9). The events had a very 
similar hydrograph shape, apart from 2017 which showed a distinct double peak. Despite the 
2017 double peak the first peak again has a similar shape to the other four events. Ultimately 
the top four events were used and averaged, creating a realistic hydrograph which was then 
adjusted temporally so that the time to peak matched the estimated time of concentration in 
the Hauarahi catchment at 3 hours (Figure 10). This hydrograph was used in applying the peak 
flows determined using the Orere flow scaling method. 
 
Of note, the 2017 event recorded at Orere is estimated at a 220y ARI event. The rainfall event 
recorded at Mangatangi based on HIRDS v4 was estimated at an ARI of 220y and 190y at 
durations of 6 and 12 hours respectively. This is a large event in terms of peak discharge, likely 
compounded by higher flood volumes as a result of the second peak. If a similar flow pattern 
occurred in the Hauarahi catchment 15km to the south it may help explain the devastation of 
this event, where the peak rainfall occurred coincident with the spring tide of RL 1.6m (TVD-52). 
 

 
 
Figure 9  Five largest Orere gauge flow events normalised (y-axis: Q/Qp) about their peak (x-axis: days) 

 

  0     0.5     1.0 
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Figure 10  Normalised hydrograph for use in hydraulic modelling (x-axis: time in hours, y-axis: Q/Qp) 

 

6 Hydraulic modelling 
A hydraulic model was developed of the lower Hauarahi Stream catchment. A ‘rapid flood hazard 
assessment’ method was adopted, this type of modelling is relatively basic but provides a good 
indication of areas at risk from flooding at various magnitudes.  
 
The model incorporates topography from various LIDAR datasets detailed in Section 4 which 
provides high resolution topographic data in a 1m DTM. This data has been reduced in resolution 
to a 2m grid with a domain bound within NZTM 1802300 5888000 and 1805500 5893500, an 
area 3200 x 5500m, or 1600 x 2750 2m cells.  
 
The model is significantly larger than the immediate Hauarahi floodplain extending some 
distance to the north and south. The reason for the model extension is the shore parallel ridges 
in the coastal floodplain which dictate that floodplain overflows may inundate these areas and 
extend some distance from source. The model does not include any structures including the East 
Coast Road Bridge or any road or farm culverts.  
 
The inflow hydrographs described in Section 5 are applied at the upstream boundary of the 
model domain. The flows are then routed in the Hauarahi Stream and local floodplain. 
Roughness values over the model domain have been set to a uniform value of M=20. The 
downstream boundary considers the MHWS tide level of RL 1.65m (TVD-52). Note that tidal 
ingress may not be modelled in some areas as no culverts are included in the model.  
 

6.1 Results 
Model scenarios were undertaken for a sample of the flows described in Section 5 between Qp24 
and Qp107 m3/s. The scenarios modelled are the 2, 5, 10, 20, 50, and 100 year ARI current climate 
inflows with present day MHWS; the 100 year ARI future climate inflows (RCP 6.0 and RCP 8.5) 
with no SLR for MHWS; and the 100 year ARI future climate inflows (RCP 6.0 and RCP 8.5) with 
projected 1m SLR for MHWS. Maximum flood statistics have been produced for each of these 
scenarios, with maximum depths mapped in Figure 11 to Figure 20. Animations for each event 
can also be produced and are available on request. 
 
The predicted flood extents are an indication of the flooding expected under the modelled peak 
flow and hydrograph shape. Note that flood extent may increase markedly with a longer rain 
storm and broader hydrograph that carries significantly more volume, or if there is flooding or 
ponding in adjacent catchments and low-lying areas.   
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Observations of previous events by local community member suggests the modelled scenarios 
provide a reasonable representation of flood extents.  However, acknowledging that further 
work is required to better represent the catchment and flood flows. 
 
 

 

Figure 11  Modelled flood extent in 2y ARI Qp24 in the Hauarahi Stream 
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Figure 12  Modelled flood extent in 5y ARI Qp39 in the Hauarahi Stream 
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Figure 13  Modelled flood extent in 10y ARI Qp49 in the Hauarahi Stream 
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Figure 14  Modelled flood extent in 20y ARI Qp59 in the Hauarahi Stream 
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Figure 15  Modelled flood extent in 50y ARI Qp71 in the Hauarahi Stream 
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Figure 16  Modelled flood extent in 100y ARI Qp81 in the Hauarahi Stream 
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Figure 17  Modelled flood extent in future climate RCP 6.0 100y ARI Qp98 in the Hauarahi Stream with 
no sea level rise 
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Figure 18  Modelled flood extent in future climate RCP 8.5 100y ARI Qp107 in the Hauarahi Stream 
with no sea level rise 
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Figure 19  Modelled flood extent in future climate RCP 6.0 100y ARI Qp98 in the Hauarahi Stream with 
1m sea level rise 
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Figure 20  Modelled flood extent in future climate RCP 8.5 100y ARI Qp107 in the Hauarahi Stream 
with 1m sea level rise 
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6.2 Flood model summary 
The Rapid Flood Hazard Assessment results provide a reasonable approximation of flood hazards 
to inform the Wharekawa Coast 2120 project.  
 
The results of the hydraulic modelling show that even a 2-year ARI (50% AEP) flood event in the 
Hauarahi Stream will result in some flooding of rural property and potentially residential 
property. As the magnitude of the event increases (and frequency decreases), the flood hazard 
progressively increases, for both farmland and residential. 
 
When the projected effects of climate change are considered, an increase in rainfall intensity 
alone does not cause a substantial increase in the severity of flooding (though there is an 
increase in flood hazard to residential land on the northern side of Hauarahi Stream). However, 
with 1m of projected SLR the increase in flood hazard is such that the majority of Kaiaua 
township may be inundated. Here it is important to note that much of the flooding in the lower 
reaches is the result of 1m of SLR on MHWS, causing coastal inundation, rather than as a result 
of river flooding from Hauarahi Stream. This highlights the importance of considering the effects 
of river flooding in conjunction with those of coastal inundation, particularly when assessing 
mitigation options. 
 
  

7 Recommendations 
Better representation of flood hazards for the Hauarahi Stream and catchment will be required 
for more detailed assessment of possible flood management/protection options.  The following 
items (individually or combination of) would likely provide increased flood hazard accuracy: 

• Cross section survey of stream bed 

• Ground truthing and update of catchment topography 
o Possible LiDAR survey 

• Survey of all culverts and other relevant stormwater assets 

• Undertake a coupled 1D/2D ‘Rain on Grid’ hydraulic model 

• Install water level/flow gauging site (s) for calibration. 
 
A more detailed assessment of required accuracy and cost considerations for any subsequent 
modelling for option assessments will confirm additional requirements.   

8 Conclusions  
The Hauarahi stream is prone to flooding from frequent rainfall events as evident form historic 
flooding and flood modelling.  The Rapid Flood Hazard Assessment results provide a reasonable 
approximation of flood hazards to inform the Wharekawa Coast 2120 project.   
 
Better representation of flood hazards for the Hauarahi Stream and catchment will be required 
for more detailed assessment of possible flood management/protection options.   

References 
 
Harrison Grierson, 1997. Kaiaua Township Flood protection Study. Prepared for Franklin District 

Council. March 1997. Report 11.8194.1. 
 



   
 

1. Doc # 16080983 Page 25 

Harrison Grierson, 1998. Kaiaua Flood Protection Works Stage 1. Prepared for Franklin District 
Council, February 1998. Reference 11.9200. 

 
McKerchar AI and CP Pearson 1989. Flood Frequency in New Zealand. Publication No. 20 of the 

Hydrology Centre, Christchurch. 
 
Pearson CP 1991. New Zealand Regional Flood Frequency Analysis Using L-moments. Journal of 

Hydrology (New Zealand) Vol. 30, No. 2 (1991), pp. 53-64. 
 
NIWA, 2012. Tide marks and mean sea level for Whitianga and Tararu. Prepared for Waikato 

Regional Council, June 2012. WRC Doc. #3117880.  
 
NIWA, 2018. High Intensity Rainfall Design System Version 4. Prepared for Envirolink. August 

2018. 
 https://niwa.co.nz/sites/niwa.co.nz/files/2018022CH_HIRDSv4_Final.pdf 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://niwa.co.nz/sites/niwa.co.nz/files/2018022CH_HIRDSv4_Final.pdf

