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Executive summary 
TƘƛǎ ǇǊƻƧŜŎǘ ƛǎ ǘƻ ŀǎǎŜǎǎ ŀ ǎǇŜŎƛŦƛŎ ǎǳōǎŜǘ ƻŦ ΨǇǊƛƻǊƛǘȅΩ Ŏƻŀǎǘŀƭ ƘŀȊŀǊŘ ŀǊŜŀǎ όǇ/I!ύ provided by West 

Coast Regional Council for Granity-Hector-Ngakawau, Orowaiti, Punakaiki Village, Punakaiki Beach, 

Rapahoe, Haast Beach to Waiatoto, Neils Beach to Jackson Bay. This study maps areas at risk from 

coastal erosion and inundation, it does not include other hazards such as tsunami risk or river 

flooding. Coastal erosion and inundation hazards were assessed, and hazard zone mapped for each 

pCHA. 

The erosion hazard assessment is completed using a hybrid-probabilistic approach that accounts for 

available shoreline data and derived trends but also allow for expert judgment to account for effect 

that are difficult to quantify and/or where no/limited data is available. 

The study also mapped land exposed to coastal flood inundation from extreme storm-tides, wave 

setup and sea level rise. Inundation hazard assessment is completed using a hydrodynamics model 

ŦƻǊ ²ŜǎǘǇƻǊǘκhǊƻǿŀƛǘƛ ŀǊŜŀ ŀƴŘ ǎǘŀǘƛŎ όάōŀǘƘǘǳōέύ ŦƻǊ ƻǘƘŜǊ Ǉ/I!Φ For Westport and Rapahoe high 

resolution LiDAR topography data was used for this analysis, but for other areas this data is not yet 

available so the analysis utilised the less accurate SRTM dataset. There is much higher uncertainty in 

this data and it is recommended that inundation hazard should be re-analysed to I confirm/update 

the results once LiDAR data is released for these areas. 

Accompanying this report are GIS layers showing potential inundation for 1% annual exceedance 

probability (AEP) flood events for a range of sea-level rise (SLR) steps, and erosion hazard for 50-year 

and 100-year outlooks. These layers will inform WCRC in the development of Te Tai Poutini plan. 
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1 LƴǘǊƻŘǳŎǘƛƻƴ  
The scope of this project is ǘƻ ŀǎǎŜǎǎ ŀ ǎǇŜŎƛŦƛŎ ǎǳōǎŜǘ ƻŦ ΨǇǊƛƻǊƛǘȅΩ Ŏƻŀǎǘŀƭ ƘŀȊŀǊŘ ŀǊŜŀǎ όǇ/I!ύ (Table 

1-1) provided by West Coast Regional Council (WCRC) and defined in the CHA report (Measures and 

Rouse 2022).  

Table 1-1: Priority Coastal Hazard Areas for this study.   See Measures and Rouse (2022) for further details 
on other coastal hazard areas. 

CHA Location Priority 

2022 

Status in 

2022 

CHA 3 
Hector, Ngakawau and 

Granity 
High Existing 

CHA 4 Orowaiti Lagoon Low New 

CHA 12 
Punakaiki Village (Pororari 

Beach) 
High Existing 

CHA 13 Punakaiki River Beach Medium Existing 

CHA 16 Rapahoe High Existing 

CHA 25 

Okuru to Waiatoto 

(renamed) 

Haast Beach to Waiatoto 

Medium 
Extended 

2021 

CHA 26 

Neils Beach (renamed) 

Neils Beach to Jackson Bay 

 

Medium 
Extended 

2021 

 

This study comprises assessments for the two main coastal hazards, erosion and inundation. These 

hazards were addressed within specific methods based on the information available in the areas of the 

West Coast. Other hazards such as tsunami and river flooding are outside the scope of this study. 

The erosion hazard assessment is completed using a hybrid-probabilistic approach that accounts for 

available shoreline data and derived trends but also allow for expert judgment to account for effects 

that are difficult to quantify and/or where no/limited data is available. 

Inundation hazard assessment is completed using a hydrodynamics model for Westport/Orowaiti area 

ŀƴŘ ǎǘŀǘƛŎ όάōŀǘƘǘǳōέύ ŦƻǊ ƻǘƘŜǊ Ǉ/I!Φ  

The assessment is supplemented by observations from a walkover site inspection of the pCHAs, a brief 

literature review of each area, and compilation of aerial photography and other cadastral maps. 
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1.1 Purpose of this report 

This study is to provide coastal hazard (storm inundation and erosion) information for WCRC who are 

developing Te Tai Poutini plan, a combined district plan for the West Coast (Buller, Grey and Westland 

District Councils). The report documents the technical details of the methodology used to develop the 

hazard zones for the priority CHAs. It also provides discussion on hazard mechanisms and uncertainties 

in each of the CHAs. 

1.2 Exceedances and return periods 

The likelihoods associated with extreme storm-tides and/or waves, are reported in terms of their 

probability of occurrence. The annual exceedance probability (AEP) describes the chance of an event 

reaching or exceeding a certain water level in any given year. For example, if a storm-tide of 1.5 m has 

a 5% AEP, then there is a 5% chance of a storm-tide this high, or higher, occurring in any 1-year period. 

Such an event is an outside chance in any year, but it can still happen and should be planned for. 

Furthermore, although the occurrence probability is only 5% for any year, more than one storm-tide 

this high or higher could occur in any given year. Integrated over a planning timeframe of say 100 years, 

a 5% AEP event has a 99% chance of occurring or being exceeded, i.e.,, it is almost certain (see 

discussion below on exceedances). 

Alongside AEP, the likelihood of extreme events can also be described in terms of their average 

recurrence interval (ARI), which is the average time interval between events of a specified magnitude 

(or larger), when averaged over many occurrences i.e.,, a very long period of time. Table 1-2 shows the 

relationship between AEP and ARI, small relatively common events have a high annual exceedance 

probability and a low average recurrence interval, and vice versa for large, rare events.  

Table 1-2: Relationship between annual exceedance probability (AEP) and average recurrence interval 
(ARI).   AEP = 1 ς e(-1/ARI). 

AEP (%) 99% 86% 63% 39% 18% 10% 5% 2% 1% 0.5% 

ARI 
.(years) 

0.2 0.5 1 2 5 10 20 50 100 200 

 

!wL όƻǊ ƛǘǎ ƻŦǘŜƴ ǳǎŜŘ ǎǳǊǊƻƎŀǘŜ άǊŜǘǳǊƴ ǇŜǊƛƻŘέύ ƛǎ ŀƴ Ŝŀǎƛƭȅ ƳƛǎƛƴǘŜǊǇǊŜǘŜŘ ǘŜǊƳΣ ǿƛǘƘ ǘƘŜ ǇǳōƭƛŎ ƻŦǘŜƴ 

assuming that because one large event has just occurred, then the average recurrence interval will 

pass before another such event. We therefore prefer the term AEP for weather-related hazards (unlike 

perhaps earthquakes on a particular section of a fault), because it conveys the continuous probability 

that large events could occur at any time.  

This report provides occurrence likelihoods for extreme storm-tide and wave height magnitudes and 

their joint occurrences. This knowledge is only one aspect of the planning process. Another essential 

planning component is to consider the planning timeframe, or lifetime, of interest. For example, a 

typical planning lifetime for residential housing development is greater than 50 years, the NZ Coastal 

Policy Statement requires assessment of coastal hazard risk over at least 100 years (e.g., Policy 24)(MfE 

2017), whereas mortgage timeframes are usually only 30-years duration. 

Table 1-3 presents the likelihood that events with various occurrence probabilities will occur, at least 

once, within a specified planning lifetime.  
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The likelihoods are shaded according to their chance of occurring or being exceeded in the specified 

timeframe:  

Á > 85%   Almost certain (red) 

Á 60%ς84%   Likely   (orange) 

Á 36%ς59%   Possible  (green) 

Á 16%ς35%  Unlikely  (yellow) 

Á < 15%  Rare   (blue) 

For example, a relatively common (smaller) event with a 39% AEP is almost certain to occur or be 

exceeded over a 20-year lifetime. However, a rare (larger) 2% AEP event is unlikely to occur or be 

exceeded over the same 20-ȅŜŀǊ ƭƛŦŜǘƛƳŜΦ м҈ !9tΩǎ ŀǊŜ ŀ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ǇƭŀƴƴƛƴƎ ƻǊ ŜƴƎƛƴŜŜǊƛƴƎ 

design event magnitude, and 100-year planning lifetimes are common for affected infrastructure or 

for coastal hazard risk assessments, Table 1-3 shows that a 1% AEP event is likely to occur or be 

exceeded over a 100-year planning lifetime with a 63% probability.  

Table 1-3: Likelihood of at least one exceedance event occurring within planning lifetimes   The likelihood 
of occurrence is described by AEP and/or ARI. P = 1 - e-L / ARI, where L = planning lifetime and P = probability of at 
least one exceedance event occurring within the planning lifetime. 

  Planning lifetime (years) 

AEP (%) 
ARI 
(years) 

2 5 10 20 50 100 200 

39% 2 63% 92% 99% 100% 100% 100% 100% 

18% 5 33% 63% 86% 98% 100% 100% 100% 

10% 10 18% 39% 63% 86% 99% 100% 100% 

5% 20 10% 22% 39% 63% 92% 99% 100% 

2% 50 4% 10% 18% 33% 63% 86% 98% 

1% 100 2% 5% 10% 18% 39% 63% 86% 

0.5% 200 1% 2% 5% 10% 22% 39% 63% 

 

In this report, we include large wave heights combined with high storm-tides because coastal flooding, 

or other hazards such as erosion or structural damage to coastal defences, roads or buildings, is worse 

when high storm-tides and large waves occur together.   

1.3 Field visit 

A field visit to the seven priority areas took place from 12-15 August 2021. 

The purpose of the field visit was to: 

Á Observe each site; interpret changes since earlier photographs, previous inspections, 

and reports. 

Á Qualitatively identify the potential for erosion and inundation hazards to affect the areas 

the assessment timeframe. 



  

14 Mapping for priority coastal hazard areas in the West Coast Region 

 

Á Identify the different site morphologies to inform the quantitative future shoreline and 

inundation hazard predictions. 

Coastal areas were inspected by foot and public vehicle access. Some areas of CHA25 could not be 

readily accessed due to lack of road access to the beach (e.g., North Bank of Arawhata River to northern 

extent of Waiatoto Lagoon, south bank of Okuru Lagoon to Mussel Rock). However, these inaccessible 

areas are potentially subject to coastal hazards, and aerial photographs show they appear consistent 

with adjacent areas of coast which were inspected. 

The photographs and observations from the field visit are included throughout this report. 

Observations from the field visit are presented alongside the results of the coastal inundation and 

erosion analysis in Section 4. 
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2 /ƻŀǎǘŀƭ LƴǳƴŘŀǘƛƻƴ ƳŜǘƘƻŘƻƭƻƎȅ 
The study splits analysis of coastal hazard into a coastal inundation component and a coastal erosion 

component. This section describes the methods used to assess the coastal inundation hazards.  

Mapping land exposed to coastal flood inundation from extreme storm-tides involves the following 

steps which are elaborated further below: 

1. Source digital elevation models (DEMs) of land topography (Section 2.1) suitable for 

inundation assessments. 

2. Estimate extreme sea-level elevations around the coastline, including the effects of 

storm-tides (ST) and wave setup (WS) (Section 2.3.3) as well as tidal elevations (e.g., 

mean high water springs) (Section 2.3.6). 

3. Add sea-level rise (SLR) to extreme sea levels (Section 2.4). 

4. Adjust for mean sea-level (MSL) offset and vertical land motion (Section 2.3.5). 

5. Spatial mapping of extreme sea-level + SLR elevations onto land to identify future 

coastal flood inundation areas (Section 4). 

The inundation hazard assessment is supplemented and informed by the brief walkover site inspection 

and literature review. 

2.1 Digital elevation models and LiDAR availability 

Digital elevation models (DEMS) are measurements of land elevation. DEMs are used in conjunction 

with extreme water level analysis to map coastal flood inundation hazard areas. 

For this study we used a combination of aerial survey (LiDAR) and satellite DEM products. 

2.1.1 LiDAR 

Airborne light detection and ranging (LiDAR) topography surveys are the best available DEMs for 

coastal storm-tide and SLR flood mapping. These provide vertical elevation accuracy down to 0.10ς

0.15 m and can include derivate datasets of digital surface models, building outlines and simultaneous 

aerial photography.  

LINZ manage LiDAR datasets1 for New Zealand and have a programme to obtain complete coverage of 

LiDAR around New ½ŜŀƭŀƴŘΩǎ Ŏƻŀǎǘŀƭ ŀǊŜŀǎ ōȅ нлнп2. At the time of writing LINZ are actively surveying 

the West Coast and recently (August 2021) released LiDAR for the Westport area including CHA3 

(Westport/Orowaiti) and most of CHA4 (Granity and Ngakawau but not Hector). 

LiDAR DEMs on the West Coast are generally available for larger urban areas (Greymouth, Hokitika, 

Westport) with a small number of additional villages (e.g., Rapahoe) and riverbeds (e.g.,Waiho). 

Table 2-1 below outlines the areas of LiDAR available for the present study of priority CHAs 

 
1 https://data.linz.govt.nz/ 
2 https://linz.maps.arcgis.com/apps/MapSeries/index.html?appid=2552c3a5cee24f7b87806b085c3fee8a 
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Table 2-1: Digital elevation model availability for priority CHAs.  

 

2.1.2 Areas without LiDAR 

Where LiDAR is yet to be flown or released, we have use satellite-based elevation measurements of 

the land. A number of satellite DEMs have coverage of near coast areas and are available publicly or 

via data subscription. For this study we evaluated which of CoastalDEM3, SRTM4 (original, rereleased 

or modified) or MERIT5 would be most appropriate for the West Coast inundation assessments.  

¢ƘŜǎŜ 59aǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǎŀǘŜƭƭƛǘŜ ǘƻǇƻƎǊŀǇƘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ ǎǳŎƘ ŀǎ b!{!Ωǎ {ǇŀŎŜ {ƘǳǘǘƭŜ wŀŘŀǊ 

Topography Missions (SRTM), the Japanese Space agency (JAXA) AW3D missions6 and other 

commercial satellite sources. CoastalDEM and MERIT are based on the original public releases of SRTM 

at 3 arc-seconds or about 90 meters with a number of corrections (e.g., absolute bias, stripe noise, 

speckle noise, and global tree height bias). The SRTM was subsequently re-released with full worldwide 

resolution of 1 arc-second, or about 30 meters, including other corrections. NIWA reprocessed7 the 

SRTM data following Meadows & Wilson (2021) to further remove landcover bias around NZ and 

compare the SRTM elevation bias to available LiDAR data NZ-wide. These datasets, are an intermediate 

between the LINZ 8m topomap and LiDAR survey. 

Figure 2-1 demonstrates the result of the NZ-wide bias correction process when comparing only the 

overlapping West Coast LiDAR datasets. The result show the STRM data used for this study have a 

mean bias of -0.27 m and a Standard Deviation of 1.55 m. LiDAR (at < 1m spatial resolution) would still 

be preferred however the bias-corrected SRTM DEM is a reliable DEM suitable for district scale coastal 

inundation assessments where LiDAR is unavailable (Figure 2-2, Figure 2-3).  

 

 
3 https://go.climatecentral.org/coastaldem/ 
4 https://srtm.csi.cgiar.org/srtmdata/ 
5 http://hydro.iis.u-tokyo.ac.jp/~yamadai/MERIT_DEM/ 
6 https://www.eorc.jaxa.jp/ALOS/en/aw3d30/index.htm 
7 As part of Deep South National Science Challange: Adapting to -Compound Flood Hazards 2020-2023 

CHA Name DEM sources 

3 Granity, Ngakawau, Hector LiDAR (2021) with bias-corrected SRTM north of 
Ngakawau River 

4 Westport/Orowaiti River  LiDAR (2021) 

12, 13 Punakaiki Village, Punakaiki River Mouth satellite DEM (bias-corrected SRTM) 

16 Rapahoe LiDAR ( 2016 Grey District Council Hokitika) 

25 Haast Beach to Arawhata River Mouth satellite DEM (bias-corrected SRTM) 

26 Jackson Bay to Neils Beach satellite DEM (bias-corrected SRTM) 
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Figure 2-1: histogram of calculated elevation difference between SRTM and LiDAR for the West Coast.  The 
mean bias is -0.27 m with a standard deviation of 2.01 m.  

 

Figure 2-2: Map of elevation differences between LiDAR and SRTM at Rapahoe for elevations<10 m.   
Difference is calculated as SRTM elevation minus LIDAR elevation. 
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Figure 2-3: Example comparison of digital land elevation at Rapahoe from sources considered for this study.   
A) CoastalDEM, B) bias corrected SRTM and C) LiDAR. Scale and colour graduations the same for all. Elevation 
data clipped at + 6.5 m. 

Figure 2-3 illustrates the same area of Rapahoe and the Waimatuku/Seven Mile Creek using the 

CoastalDEM, bias-corrected SRTM, and LiDAR. The improved in spatial resolution from CoastalDEM to 

SRTM is seen in the reduced grid size and resolution of smaller topographic features, however it is 

clear that LiDAR is the most suitable for coastal hazard mapping where available.  

We note that the static inundation mapping may be updated relatively easily when LiDAR is released 

for the other priority CHAs. 

bL²!Ωǎ bias-corrected SRTM is hereafter referred to as SRTM. 

2.2 Vertical datum 

NZVD2016 is used throughout this report. Any conversions between local vertical datums (e.g., 

Lyttleton Vertical Datum 1937, LVD-37) were undertaken using the LINZ online coordinate converter. 

Note that the offsets between LVD-37 and NZVD2016 are not spatially uniform. The offsets determined 

at the tide gauge locations are specific to that locality. 

2.3 Extreme sea levels  

The present study estimated storm-tide-driven extreme sea levels (ESLs) along the New Zealand 

coastline. ESL elevations were calculated using the formula: 

ESL = MSL + ST + WS + SLR (1) 

where:  

Á MSL is mean sea level relative to local vertical datum calculated from sea-level gauge 

records over (approximately) a recent decade,  

Á ST is the storm-tide combination of high tide, meteorological effects (storm-surge) and 

monthly sea-level anomaly, affected by both seasonal heating and cooling and 
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interannual and inter-decadal climate variability such as the El Niño Southern Oscillation 

(ENSO) and the 20-30 year Interdecadal Pacific Oscillation (IPO),  

Á WS is the additional wave setup (over and above ST) at the shoreline where breaking 

waves are present, and 

Á SLR is relative sea-level rise including the effect of regional sea level rise and local effects 

of background vertical land motion. 

For this study, extreme sea level inundation maps for the West Coast were extracted from a series of 

pre-mapped national-scale inundation assessments by NIWA (as outlined in Section 2.3.1 below). 

However, these ESLs and inundation maps require small additional offsets to account for updated 

measurements or processes that were not included in the national assessments. The offsets include: 

Á Update of MSL offset in ESL calculation based on recent tide gauge measurements. The 

change associated with this update is generally <0.1 m (see Section 2.3.5). 

Á Adjustment of future sea levels to account for background vertical land motion across 

the region (i.e., interseismic subsidence or uplift) and extrapolated to a 100-year 

timeframe. This offset is generally <0.2 m over a 100-year timeframe and only for sites 

near Westport (see Section 2.4.1).  

2.3.1 Context 

This study uses extreme sea levels produced by NIWA within a sequence of recent and ongoing 

research projects. 

Originally, 1% annual exceedance probability (AEP) extreme storm-tide + wave setup elevations were 

ŎŀƭŎǳƭŀǘŜŘ ŀǎ ǇŀǊǘ ƻŦ ŀ 5ŜŜǇ {ƻǳǘƘ /ƘŀƭƭŜƴƎŜ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘ άCoastal Flooding Exposure Under Future 

Sea-level Rise for New Zealandέ (Paulik et al. 2019). In that study, storm-tide elevations were estimated 

from a mixture of sea-level gauges and the NIWA tide forecaster (Goring 2001), with storm-tide 

relationships to MHWS given in Stephens et al. (2020). The treatment of wave setup is relatively crude, 

being a simple allowance of +0.5 or +1.5 m depending on perceived energy exposure (Paulik et al. 

2019, Paulik et al. 2020).  

While improvement in the method are part of current research projects (Deep South Challenge: 

Adapting to -Compound Flood Hazard 2020-2023 and the University of Victoria Endeavour Programme: 

NZ SeaRise 2017-2022), output from these projects have not yet produced usable results for this West 

Coast study. 

2.3.2 Extreme storm-tides 

Extreme storm-tide is calculated using relationships between tide and extreme storm-tide from by 

Stephens et al. (2020). They showed the existence of a linear relationship existed between MHWS7 

and extreme storm-tide levels by fitting extreme-value models to the measured sea levels in regions 

with a sea-level gauge record. .  

In regions with no sea-level gauge record, storm-tide elevations can be calculated using the same linear 

relationships between MHWS-7 and extreme storm-tide elevations (Figure 2-4).  

Table 2-2 illustrates the linear fit coefficients and Figure 2-4 provides examples.  
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Table 2-2: Storm-tide linear fit coefficientsτrelationship to MHWS-7 (m).    

Storm-tide ARI (years) y-intercept Scalar (× MHWS-7) r fit coefficient 

1 0.19 1.15 0.99 

2 0.21 1.17 0.99 

5 0.23 1.20 0.98 

10 0.25 1.23 0.98 

20 0.26 1.25 0.97 

50 0.28 1.29 0.97 

100 0.28 1.32 0.96 

 

 

Figure 2-4: Linear relationship of storm tide and MHWS-7.   Data point are from tide analysis and extreme 
value analysis of individual tide gauge record from around NZ. 

2.3.3 Wave setup 

The contribution of waves to extreme water levels was determined by estimating wave setup. Wave 

setup is highly dependent on the local bathymetry and exposure to wave energy and difficult to 

estimate in non-uniform bathymetry and topography.  In addition, there are no direct records of wave 

setup on the West Coast. However, inundation water levels in the Orowaiti lagoon during ex-Tropical 

Cyclone (exTC) Fehi were surveyed and provide a benchmark for the combined storm-tide and wave 

setup. 
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Because a joint probability between storm-tide and wave setup is not available, a single value of 0.8 m 

wave setup is being used for the whole West Coast across all the scenarios. The wave setup value of 

0.8m corresponds to the wave setup resulting from 4.5 m significant wave height with a 10s peak wave 

period travelling directly towards the coast with a surf zone slope of 1/60 (based on CEM formulation, 

USACE (2012)). This value is comparable to the wave setup at high tide during exTC Fehi in Westport. 

2.3.4 Extreme storm tide + wave setup elevations 

The estimated ESL are consistent with the original analysis from Paulik et al. (2019) for the West Coast.  

The 1% AEP Storm tide + wave setup elevations are shown in Figure 2-5. The ESLs for this large and 

infrequent event are generally in the range of 2.8 ς 3.3 m above MSL. Table 2-3 contains the extreme 

sea levels for more frequent events near priority CHA locations. 

 

Figure 2-5: Output of 1% AEP storm-tide + wave-setup elevations above MSL along the West Coast used in 
this study.Table 2-3: Extreme storm-tide + wave setup elevations on the open coast as mapped for Priority CHA 
assessment.Elevations in NZVD2016 including uniform 0.14 m MSL offset. Coordinates in NZ Transverse 
Mercator (NZTM). 

Site name  CHA Easting Northing Storm-tide + wave setup elevation (m NZVD2016) 

    AEP: 39% 18% 10% 5% 2% 1% 

    ARI: 2-year 5-year 10-year 20-year 50-year 100-year 

Westport 3, 4 1499608 5390870 2.775 2.843 2.911 2.953 3.037 3.085 
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Site name  CHA Easting Northing Storm-tide + wave setup elevation (m NZVD2016) 

    AEP: 39% 18% 10% 5% 2% 1% 

    ARI: 2-year 5-year 10-year 20-year 50-year 100-year 

Punakaiki 12, 13 1464850 5336372 2.6643 2.729 2.7937 2.8335 2.9131 2.9578 

Rapahoe 16 1455269 5307735 2.5995 2.663 2.7265 2.7655 2.8435 2.887 

Greymouth 17, 18 1446107 5293434 2.5417 2.604 2.6663 2.7045 2.7809 2.8232 

Hokitika 21 1432634 5268459 2.4923 2.554 2.6157 2.6535 2.7291 2.77083.05 

Okuru 25 1270468 5130759 2.2357 2.292 2.3483 2.3825 2.4509 2.4872 

Jackson Bay 26 1255444 5123506 2.3432 2.398 2.4528 2.486 2.5524 2.5872 

 

2.3.5 Mean sea level offsets 

The level of the sea is recorded at a number of tide gauges along the West Coast. These are located at 

or near Ports and Harbours, and are operated by the Regional Council or NIWA. Tide gauges record the 

level of the sea and are sheltered from the waves or rely on filtering to eliminate the temporary rise 

and fall in sea level with the passing of a wave. 

Recent studies of national-scale assessment of extreme water levels (e.g,. Paulik et al. 2019) included 

MSL offsets relative to local vertical datums as calculated and presented in Table S1 of Bell et al. (2015). 

For the West Coast Bell et al. (2015) applied a uniform 0.14 m offset which was carried through to the 

Stephens et al (2020) analysis and mapping extracted for this study. 

However, these earlier studies did not have access to the recent tide gauge measurements made by 

LINZ at various locations and times from 2019-2021, nor the recent efforts of LINZ to survey the gauges 

into known vertical datums. Hence, we can now update the MSL offsets as provided to NIWA by the 

Technical Leader for Sea-Level Data at LINZ (pers. comm. Glen Rowe) for Westport, Greymouth and 

Jackson Bay (Table 2-4).  

MSL for each priority CHA between LINZ MSL locations was approximated by manual interpolation of 

the MSL elevation with distance from the LINZ locations and following the apparent8 trend of declining 

MSL elevation by approximately 100 mm from Westport to Jackson Bay. 

These MSL elevation elevations are provided in Table 2-4 as reference sea levels underpinning the 

coastal hazard assessment but may be updated in time if LINZ update the data. 

 
8 Longer durations of measurements at intermediate locations is required to confirm the uniformity of this trend. 



  

Mapping for priority coastal hazard areas in the West Coast Region  23 

 

Table 2-4: Mean sea levels for coastal hazard assessment.MSL elevations from LINZ measurements pers. 
comm9 MHWS-7 heights at nearest location Stephens et al. 2020. Manual interpolation between MSL locations 
indicated by *. Conversion from local vertical datum to NZVD via LINZ online converter10. Coordinates in NZ 
Transverse Mercator (NZTM) 

Location CHA 
No. 

Easting Northing LVD-37 to 
NZVD2016 
offset10 at 
coordinates 

MSL offset 
used in Paulik 
et al. (2019) 
national scale 
mapping  

Updated MSL 
offset used in 
this study 

 Difference in 
MSL offsets 
(new ς old) 

    
(m) (m LVD-37) 

Elevation  
(m LVD-37) 

Elevation  
(m NZVD2016) 

m 

Westport1 3, 4 1499608 5390870 0.368 0.14 0.261 -0.107 0.121 

Punakaiki 12, 13 1464850 5336372 0.319 0.14 0.23* -0.089 0.09 

Rapahoe 16 1455269 5307735 0.317 0.14 0.21* -0.107 0.07 

Greymouth1 17, 18 1446107 5293434 0.32 0.14 0.202 -0.118 0.062 

Hokitika 21 1432634 5268459 0.346 0.14 0.202* -0.144 0.062 

Okuru 25 1270468 5130759 0.32 0.14 0.13* -0.19 -0.01 

Jackson Bay1 26 1255444 5123506 0.318 0.14 0.116 -0.202 -0.024 

 

The effect of updated MSLs is that the extreme storm-tide + wave setup elevations that were 

inundation mapped are marginally lower or higher depending on the area of the West Coast. The 

largest difference is Westport where the updated MSL is now 0.121 m higher than previously used so 

the extreme sea level elevations and inundation mapping are underestimated by this amount. Table 

2-4 demonstrates that other priority CHA sites have smaller underestimates (e.g., 0.09 m at Punakaiki), 

or very small overestimates (e.g., -0.024 m at Jackson Bay). 

The WCRC should be aware of these updated offsets. However, MSL offsets of this magnitude are small 

compared to the combined potential uncertainties and limitations in the analysis and mapping 

methodology (refer Section 2.8). 

Local offsets of this magnitude are relevant and may be applied to the dynamic process-based 

coastal/river modelling at Westport (this study) and Hokitika and Greymouth (as being completed 

concurrently by LandRiverSea consulting). This may be revisited when LiDAR is available region-wide. 

2.3.6 Tides 

This CHA analysis and underpinning extreme storm-tide analysis includes astronomical tide forecasts. 

High tide heights along the open coast, outside of estuaries, Mean High-Water Springs-7 (MHWS-7, 

representing the highest 7% of all astronomical high tides) were calculated from the NZ tidal model 

(Walters et al. 2001). These MHWS-7 values are heights above mean sea level. 

This method of deriving MHWS differs from the LINZ method which is based on summing M2 + S2 + N2 

tidal constituents (i.e.,, lunar and solar tides) and gives results that are close to the LINZ method while 

providing a consistent measure around NZ in terms of the percent of high tides that exceed MHWS. 

 
9 MSL elevations: pers. comm. Glen Rowe, LINZ Technical Leader Sea-Level Data (email 2-Sept-2021) 
10 https://www.geodesy.linz.govt.nz/concord/ 
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The MHWS-7 elevation includes geographic tide variations, such as west coast spring-neap tides and 

east coast monthly perigean-apogean tides 

MHWS-7 elevations were available from Stephens et al. (2020), and with readjustment to the local 

MSL elevations (Section 2.3.5 above), are provided relative to NZVD2016 in Table 2-4 and illustrated in 

Figure 2-6. These elevations are used within the underpinning tidal elevations for dynamic coast/river 

modelling at Westport, Hokitika and Greymouth. 

The MHWS-7 elevations show a declining trend of approximately 0.5 m from Westport to Jackson Bay 

which is consistent with the declining amplitude of the major tidal constituents along this coastline 

(the M2 and S2 tides rise to the north). 

Table 2-5: MHWS7 is the high-tide elevation exceeded by only 7% of high tides.  

Location CHA No. Easting Northing  MHWS-7  

    Height above 
MSL (m) 

Elevation 
(m LVD-37) 

Elevation  
(m NZVD2016) 

Westport1 3, 4 1499608 5390870 1.60 1.86 1.49 

Punakaiki 12, 13 1464850 5336372 1.49 1.72 1.40 

Rapahoe 16 1455269 5307735 1.45 1.66 1.34 

Greymouth1 17, 18 1446107 5293434 1.41 1.61 1.29 

Hokitika 21 1432634 5268459 1.39 1.59 1.25 

Okuru 25 1270468 5130759 1.21 1.34 1.02 

Jackson Bay1 26 1255444 5123506 1.16 1.28 0.96 

 

The intersection of the MHWS7 elevations with the land approximates the position of the Coastal 

Marine Area (CMA) boundary. There are a number of methods to estimate and map this jurisdictional 

boundary (e.g., Allis et al. 2021) and this may be used to approximate future CMA areas after 

increments of SLR. This mapping is not included in this study. 
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Figure 2-6: MHWS-7 heights (above MSL) along the West Coast.   [Source: Stephens et al. (2020), Walters et 
al. (2001)]. 

2.3.7 Validation of storm tide and storm tide + wave setup 

exTC Fehi was a notable storm event (Stephen et al. 2020) that produced highest storm tide on record 

at Jackson Bay and caused unprecedented coastal flooding in and near Westport.  Storm-tide records 

from exTC Fehi in Westport and Jackson Bay provide an important data point for validating the values 

calculated in this study. In addition, recorded inundation levels in Westport following the event provide 

a robust validation for hydrodynamics) 

Westport tide gauge is located well inside the Buller training wall which extend far beyond the breaking 

depth of large waves and as such is considered to be free of the influence of wave setup. The storm-

tide recorded during exTC Fehi is 2.29 m LVD which is 0.11 m below the estimated 1% AEP storm-tide 

and 0.05 m below the 2% AEP storm-tide for Westport. Considering the uncertainties with the extreme 

analysis this comparison validates the storm-tide analysis. 

In Jackson Bay, the tide gauge reached 2.33m above LVD, 0.4 m above the 1% AEP storm-tide and 0.4m 

below the 1% AEP storm-tide + wave setup. The tide gauge is located approximately 150m from the 

shore, so it was likely in the surf-zone during the event but not recording the full range of wave setup 

(which would occur at the shore).  
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Considering the uncertainties with the extreme analysis this comparison validates the storm-tide 

analysis. 

2.4 Future sea levels  

Climate change is causing the elevation of mean sea level to increase. All wave and tide processes are 

superelevated above this rising level.  

Following the Ministry for the Environment (MfE) Coastal Hazards and Climate Change Guidance (MfE, 

2017), we applied a series of SLR increments to forecast future coastal hazards which encompass a 

range of future sea-level scenarios. The increments selected range from 0 m to 2 m above present day 

mean sea levels in 0.2 m increments. 

Simulating a range of sea level rise increments rather than SLR values linked to specific projections 

under different emission scenarios has a number of benefits has a number of benefits: 

Á The equivalent increment recommended in MfE (2017) or identified in IPCC AR6 

projections can be easily identified. 

Á Local vertical land motions (VLM) which contribute to relative sea-level rise (RSLR) can 

be coupled to the future SLR projections and hence to the equivalent increment tie-ins.  

VLM is either subsidence of the land relative to the sea resulting in an additional sea-

level rise relative to the land, or conversely uplift of the land results in a reduced relative 

sea-level rise. (VLM is detailed in Section 2.4.1). 

Á Future updates to SLR and VLM do not require new model scenarios as the any updated 

in sea level rise prediction can be tied to the nearest existing scenarios. 

Á Increments allow a look into the future without getting bogged down in the details of 

future projections which are expected to change. 

Á Increments are emission scenario neutral ς hence allow for other climate change 

trajectories to be included. 

One utility of incremental SLR mapping is also in that it can be repurposed for coastal adaptation 

management with communities. This approach involves considering a range of scenarios and pathways 

using the incremental SLR maps as resources. Triggers and decision points in a Dynamic adaptive 

planning pathways (DAPP) process. 

2.4.1 Vertical land motion 

Vertical land motion is the geological background trend of vertical land movement at a rate 

independent of the active seismic motion (i.e,. earthquakes) and interseismic rates (Figure 2-7).  

VLM combined with sea-level rise rates becomes relative sea-level rise (RSLR) as it includes the relative 

motion of the land as well as the rising sea level. If the land is subsiding (a negative VLM) the effect is 

a local acceleration of SLR, and the inverse for uplift (a positive VLM).  

https://www.linkedin.com/feed/hashtag/?keywords=dapp&highlightedUpdateUrns=urn%3Ali%3Aactivity%3A6841542995649658880
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Figure 2-7: Explanation of vertical land motion rates.   [Source: Beaven & Litchfield (2012)]. 

Continuous GPS (cGPS) sensors are operated by Geonet11 at Westport, Hokitika and Karangarua and 

can be used to observe the different components of land motion such as uplift/subsidence, (Figure 

2-7). Beaven and Litchfield (2012) determined local VLM rates on the West Coast from three 

continuous GPS gauges located near to the coast (Table 2-6). In 2012, these gauges showed slow 

subsidence (-0.8 mm/year over 8 years of data) at Westport and slower uplift (+0.3 mm over 10.5 

years) at both Hokitika and Karangarua.  

Table 2-6: Vertical land motion rates on the West Coast.   Rates reported by Beaven & Litchfield (2012) and 
reanalysed for this study with simple least-squares linear trend from the start of the cGPS data to the end date 
before active seismic activity. 

Name Location Easting Northing cGPS Start date 

VLM  
(Beaven & 
Litchfield, 
2012) 

mm/year 

End date of 
linear trend  
(this study) 

VLM  
(this study) 

mm/year 

WEST Westport -41.7447 171.8062 01/01/2000 -0.8 1/10/2016 -1.47 

HOKI Hokitika -42.7129 170.9843 23/09/2004 0.3 13/11/2016 0.16 

QUAR Karangarua -43.5317 169.8158 05/02/2000 0.3 1/04/2015 0.25 

 

Producing updated national estimates of past and future VLM is an active research task being 

undertaken by NZSeaRise12. However, until NZseaRISE produces13 local VLM estimates, a linear trend 

estimation is appropriate to infer trends and has been used elsewhere for district plan assessments 

(e.g., for Wellington City Council in Bell & Allis, 2021).  

Here we have estimated the background trend in the VLM from the beginning of the cGPS record 

through to a nominated end date (Table 2-6) which corresponds with a shift to active vertical land 

motion from (e.g., 14 Nov 2016 Kaikoura earthquake for HOKI) which is at the beginning of a recent 

period of seismic fluctuations (Figure 2-8). This is different from the rate of suggested in Figure 2-7 but 

for the relatively short record (relative to the seismic cycle) this provides a conservative rate.  

 

 
11 https://www.geonet.org.nz/data/types/geodetic 
12 https://www.searise.nz/ 
13 Publication of the NZ SeaRise local projections of relative SLR projections is expected in early 2022. 
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The updated rates estimated here are consistent with the magnitude and trend of Beaven & Litchfield 

(2012) and show an acceleration of subsidence to 1.47 mm/year subsidence at Westport, and slightly 

reduced uplift of 0.16-0.25 mm/year uplift at Hokitika and Karangarua.  

 

 

 
 

Figure 2-8: Vertical land motions recorded by cGPS sensors along the West Coast.   Data shown for Westport 
(WEST), Hokitika (HOKI) and Karangarua (QUAR). Uplift = positive on the y-axis. Least-squares linear trend 
calculated from start of data to date reported in Table 2-6. [Data source: geonet.org.nz]. 

Extrapolating these rates out to 100-years to align with the district planning time scales, the VLM 

estimates would contribute an additional 0.147 m to relative sea-level rise at Westport, but only 16-

25 mm at Hokitika and Karangarua (Table 2-7). This linear extrapolation assumes the ~14-year trend 

at each site will continue over the coming century which is deeply uncertain.  
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However, over this time period the 0.147 m is a non-negligible addition that MfE (2017) suggests 

should be considered in future planning.  

Table 2-7: VLM extrapolated over 100-years for district plan timeframe.  

Name Location CHA 

VLM  
(this study) 

mm/year 

VLM over 
100-years 

mm 

VLM over 100-years + 50% 
acceleration of trend 

mm 

WEST Westport 3, 4 -1.47 -147 -220 

HOKI Hokitika  0.16 16 24 

QUAR Karangarua  0.25 25 37 

 

Taking a precautionary approach (c.f. NZCPS Policy 3) we have estimated VLM if the recent regional 

VLM trends were to accelerate by 50% over this timeframe. A 50% acceleration would lead to 

potentially 0.220 m subsidence at Westport at the end of 100-years, but still only 24 to 37 mm at 

Hokitika and Karangarua respectively (Table 2-7). 

However, similar to the discussion about local MSL offsets (Section 2.3.5), the extrapolated VLM 

estimates must be considered in the context of the inherent uncertainties and limitations of the CHA 

inundation analysis, underpinning land DEMs, mapping method and SLR timeframes. Refer to Section 

2.8 for an overview of methodological limitations. 

Here, we have mapped future SLR increments at 0.2 m intervals, if the council wishes to include relative 

land motion in addition to SLR over the district planning timescale, then the recent or accelerated VLM 

rates effectively means the hazard map implementation should the next highest increment of mapped 

SLR for CHA which are closest to Westport. The VLM for the other cGPS sites appears small compared 

to SLR and may be neglected unless trends change. 

These values should be updated, and hazard increment re-evaluated when the NZSeaRise results are 

released in 2022. 

2.4.2 Sea-level rise 

Sea-level rise is mapped on the land via increments of 0.2 m above present day sea levels. These 

increments are not tied to assumptions about any specific trajectory occurring, rather the timing that 

they occur is identified from the global projections. This is the approach recommended in MfE(2017) 

as part of a Dynamic Adaptive Planning Pathways (DAPP) approach because there is deep uncertainty 

about the actual trajectory of SLR because it depends on political and public efforts to restrain 

emissions globally. 

We used the four SLR scenarios from MfE (2017), which are based around three greenhouse gas 

representative concentration pathways14 (RCP2.6, RCP4.5 and RCP8.5). Three of the scenarios are 

derived from the median projections of global SLR for the RCPs presented by IPCC in their Fifth 

Assessment Report (IPCC (2019) ) and extended out to 2130.  

  

 
14 Note that since NIWA was awarded this contract the IPCC produced new estimates of SLR in the Sixth Assessment Report (AR6). Note 
that AR6 uses new terminology of Shared Socio-economic Pathways (SSPs) to represent future SLR. The new SSPs have similar notation to 
RCP 2.6, 4.5, 8.5 with the equivalent SSP being between 0.04 - 0.12 m higher SLR at 2120 (100-year timeframe). The use of SLR increments 
for hazard mapping means this analysis is independent of SLR trajectory as the equivalent tie-in to SSP can be established.  
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The fourth higher scenario is at the upper-end of the άƭƛƪŜƭȅ ǊŀƴƎŜέ όi.e.,, 83rd-percentile) of the wide 

ensemble of SLR projections (from Kopp et al. (2014)) based on emission scenario RCP8.5τthis 

ǎŎŜƴŀǊƛƻ ƛǎ ŎŀƭƭŜŘ ΨH+ΩΦ ¢Ƙƛǎ ƘƛƎƘŜǊ H+ scenario reflects the possibility of future surprises (deep 

uncertainty) towards the upper range in SLR projections of an RCP8.5 scenario.  

 

 

Figure 2-9: The four SLR scenarios for NZ (excluding VLM) from the MfE coastal guidance (MfE 2017) out to 

2150 overlain by the annual MSL series from Wellington Harbour for 2000ς2019.   Note: SLR is relative to the 

1986ς2005 average MSL. Source: Projections - MfE 2017, tide gauge data ς GWRC. 

The scenarios in Table 2-8 and Table 2-9 have been adjusted to 2020 mean sea levels using the 

assumption that the sea-level rise trajectory lies exactly on the projected scenario at year 2020 and 

would follow that projected trajectory forward in time.  
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Table 2-8: 5-yearly increments for projections of sea-level rise for the wider New Zealand region.  SLR listed 
in metres above 2020 mean sea level.  (Adapted from MfE 2017) 

Sea-level rise NZ RCP2.6 M (median) NZ RCP4.5 M (median) NZ RCP8.5 M (median) 
NZ RCP8.5 H+ (85th 
percentile) 

2020 0 0 0 0 

2025 0.025 0.025 0.03 0.035 

2030 0.05 0.05 0.06 0.07 

2035 0.075 0.08 0.09 0.115 

2040 0.1 0.11 0.12 0.16 

2045 0.125 0.135 0.155 0.21 

2050 0.15 0.16 0.19 0.26 

2055 0.17 0.19 0.23 0.315 

2060 0.19 0.22 0.27 0.37 

2065 0.215 0.25 0.315 0.435 

2070 0.24 0.28 0.36 0.5 

2075 0.265 0.31 0.41 0.57 

2080 0.29 0.34 0.46 0.64 

2085 0.315 0.375 0.52 0.715 

2090 0.34 0.41 0.58 0.79 

2095 0.36 0.44 0.64 0.865 

2100 0.38 0.47 0.7 0.94 

2105 0.405 0.5 0.77 1.015 

2110 0.43 0.53 0.84 1.09 

2115 0.45 0.56 0.905 1.17 

2120 0.47 0.59 0.97 1.25 

2125 0.495 0.625 1.03 1.33 

2130 0.52 0.66 1.09 1.41 

2135 0.545 0.695 1.145 1.495 

2140 0.57 0.73 1.2 1.58 

2145 0.59 0.765 1.26 1.675 

2150 0.61 0.8 1.32 1.77 
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Table 2-9: Approximate years when specific sea-level rise increments could be reached for various 
projected scenarios of sea-level rise for the wider New Zealand region.  SLR expressed in metres above 2020 
mean sea level. Bold shows SLR increments mapped in this project. Adapted from (MfE 2017, Stephens et al. 
2017).   

SLR NZ RCP2.6 M 
(median) 

NZ RCP4.5 M 
(median) 

NZ RCP8.5 M 
(median) 

NZ H+            

0 2020 2020 2020 2020 

0.1 2040 2038 2037 2033 

0.2 2062 2057 2051 2044 

0.3 2082 2073 2063 2054 

0.4 2104 2089 2074 2062 

0.5 2126 2105 2083 2070 

0.6 2148 2121 2092 2077 

0.7 >2150 2136 2100 2084 

0.8  2150 2107 2091 

0.9  >2150 2115 2097 

1.0   2123 2104 

1.1   2131 2111 

1.2   2140 2117 

1.3   2148 2123 

1.4   >2150 2129 

1.5    2135 

1.6    2141 

1.7    2146 

1.8 ς 2.0 >2150 >2150 >2150 >2150 

 

2.5 Tie in of mapped SLR scenarios to priority CHAs 

The utility of using pre-mapped SLR increments to communicate future potential coastal hazard areas 

ƛǎ ǘƘŀǘ ƛǘ ŘƻŜǎƴΩǘ ǘƛŜ ǘƘŜ /ƻǳƴŎƛƭ ǘƻ ŀ ŎƘƻƻǎƛƴƎ ŀ single SLR trajectory (e.g., one of those in Section 2.4.2), 

rather it enables the council to test exposure and risk using any trajectory, and also to see beyond the 

100-year timeframe. This approach allows the council to include local adjustments based on 

information available at the time of assessment and update the mapping as new information comes 

to hand (e.g., LiDAR). However, this approach does require a process to systematically decide which 

mapped increment to use for specific mapping scenarios. The below diagram indicates the basic 

information process for the map of each area (Figure 2-10).  

We also note that other council initiatives and preferences may also adjust the selection of mapped 

SLR increments; this could include taking a precautionary approach to accommodate potential 

uncertainties in underlying DEM or mapping method and selecting the next highest increment. 
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Figure 2-10: Flow chart for determining mapped SLR increment to use.   

A worked example for the Westport area (CHA 3, 4) would include the following steps to establish that 

the mapped 1.2 m increment is the one to use for 100-year ARI maps for Westport area under the 

RCP8.5M scenario in 2120. But it would also be appropriate to check the 1.4 and 1.6 m mapped 

increments for potential emergence of hazards or hazard areas. 

  

Select site 

Select timeframe 
(e.g. 100-years) 

Select SLR 
trajectory (RCP) 

Find VLM adjustment  
(if using) (Table 2-7) 

 

Select map corresponding to base SLR increment  
(nearest 0.2 m) including combined adjustments 

 
If adjustments are outside +/- 0.1 interval m then 
consider shifting to next increment of mapped SLR 
inundation. 

Combine adjustments with 
base SLR  

 

Find ARI adjustment  
(if using) (Table 2-3) 

 

Find SLR for selected 
timeframe and RCP 

(Table 2-8) 

Council specific 
adjustments 
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Table 2-10: Worked sequence for selecting mapped SLR increments.   Refer to Figure 2-10. 

Step Selection 

Site Westport north area; CHA3 and 4 

Select timeframe/AEP 100 years 

Select SLR trajectory RCP8.5 M  

=> 0.97 m SLR in 2120.  

Also check if any key assets become exposed in RCP8.5 H+ 
scenario (1.25 m in 2120) as a stress test for the CHAs. 

Find MSL adjustment Potential MSL underestimate at Westport 

=> +0.128 m adjustment 

Find VLM adjustment   Potential VLM subsidence over 100-years near Westport (no 
VLM acceleration) 

=> +0.148 m adjustment 

Council adjustments LiDAR DEM available, topography well defined.  

No council adjustment 

Combine adjustments MSL + VLM only 

=> + 0.276 m adjustment 

Combine adjustments with 
base SLR  

RSLR estimate at 2120 

=> 1.246 (RCP8.5 M) 

=> 1.526 (RCP 8.5 H+: stress test check) 

Select nearest map Nearest mapped increment to use: 

1.2 m (RCP8.5M) 

1.6 m (RCP8.5 H+) 

  

 

2.6 Mapping of inundation (all pCHA except Orowaiti) 

The calculated total water level elevations for each pCHA (i.e.,, storm-tide and wave-setup from Table 

2-3, combined with SLR increments from 0 to 2 m), were mapped onto the coastline at discreet points 

along each CHA and extrapolated inland. The DEM (i.e.,, ground elevation) was then subtracted from 

the maximum water level surfaces to map inundation depth and extent. This static level ƻǊ άōŀǘƘǘǳōέ 

flood mapping approach assumes all land below the mapped sea level and connected to the ocean will 

be entirely inundated. 

Coastal flood maps were created for 1%AEP storm-tide scenarios, mapped for the present day and for 

+0.2 m increments of SLR up to +2 m (i.e.,, 11 maps).  

2.6.1 Limitations of bathtub mapping 

The static flood mapping technique assumes that all land areas lower than the water levels at the 

shoreline are flooded to the same height as the shoreline water level. With the following notes 

Á Only areas that have a direct hydraulic connection to the sea are mapped. 
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Á This excludes the potential for additional flooding effects from streams or drains 

Ψōŀcking-ǳǇΩ ōŜƘƛƴŘ ƘƛƎƘ Ŏƻŀǎǘŀƭ ŦƭƻƻŘǿŀǘŜǊǎΣ ƘƛƎƘŜǊ groundwater levels caused by rise 

of sea level and/or storm tides, and any terrestrial flooding from rainfall.  

Á The static flood maps exclude the building footprints. The exclusion does not affect the 

mapped flood depths as the static flooding does not account for volume continuity or 

presence/absence of buildings.  

¢ƘŜ ƳŀƧƻǊ ŀǎǎǳƳǇǘƛƻƴ ƛƴ ǘƘŜ DL{ ƳŀǇǇƛƴƎ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ǘƘŜ άōŀǘƘǘǳōέ ƳŜǘƘƻŘ ǳǎŜ ǘƻ ƳŀǇ ŀƴŘ ŀǎǎƛƎƴ 

the land area below extreme sea levels as inundated. Storm-tide peaks only last for 1ς3 hours close to 

high tide (Stephens et al. 2016). This duration may not be sufficient to temporally inundate large land 

areas, particularly if storm-tide flow rates are restricted by a narrow connection to the sea e.g., 

drainage channels, culverts. The extreme sea level flood area maps therefore do not fully capture the 

dynamic and time-variant processes that occur during a coastal-storm event, but rather are indicative 

of areas of coastal flooding from static sea levels, or residual risk behind coastal defences such as stop 

banks and gravel barriers. 

Bathtub flood mapping usually results in an over estimation of coastal flood extents from storm-tide 

levels where wave processes are less significant, or topography is flat and low lying. This is 

ŘŜƳƻƴǎǘǊŀǘŜŘ ōȅ ǘƘŜ ŎƻƳǇŀǊŀǘƛǾŜ ŦƭƻƻŘƛƴƎ ŜȄǘŜƴǘǎ ŦǊƻƳ ΨōŀǘƘǘǳōΩ ŀƴŘ ΨŘȅƴŀƳƛŎΩ ƳƻŘŜƭǎ ƛƴ Figure 2-11 

and. Figure 2-12. The bathtub models show that more flooding (depth and extent) is indicated when 

the dynamics of the flooding process (e.g., variable depth, velocity, duration) are not included. This is 

illustrated in Figure 2-12 where the bathtub model overestimates flooding north of the main river 

feature where the topography is relatively flat. Little difference in flooding occurs south of the river 

where topography is steeper.  

Despite its limitations, a bathtub method provides an approximation of coastal flooding extents for 

identifying key elements at risk e.g., populations, buildings, roads etc.,, More detailed dynamic 

modelling will produce more accurate flood scenario maps which may be required in areas with 

potentially high population and/or asset exposure (e.g., ΨƘƻǘǎǇƻǘǎΩύ, or where compound flooding 

hazards (riverine + coastal) are major contributors to flooding hazards (as modelled for 

Westport/Orowaiti in this study ς Section 2.7). 
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Figure 2-11: Example comparison of dynamic model of flooding (blue) with bathtub model (red) for Tauranga.   
The scenario modelled was a 1% AEP storm-tide + 1.25 m SLR. In this case the duration of high sea-levels is 
insufficient to spread floodwater to the full extent predicted by the bathtub model. Source: Reeve et al. 2019. 

 

 

Figure 2-12: Example comparison of dynamic model of coastal flooding (left) with bathtub model (right) for 
Poverty Bay.   Note the larger coastal flood extent created by the bathtub model.  Source: Stephens et al. (2018). 

2.7 Orowaiti hydrodynamics model 

To simulate inundation in and around the Orowaiti, this study re-uses the calibrated hydrodynamic 

model initially developed for simulating fluvial flood inundation from the Buller River and the Orowaiti. 

Hydrodynamic models require more information than just the maximum ESL to predict the inundation. 
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2.7.1 Hydrodynamics model forcing 

ESL values provided in Table 2-3 for the 1% AEP storm-tide and wave setup represents the maximum 

water level reached at the coast. For use in a hydrodynamics model, these values have to be converted 

in a realistic time-varying forcing that includes the general shape of the rising and falling tide as well 

as high frequency sea level variation (infragravity waves) cause by wave sets. 

The model forcing was calculated by generating a pure tidal signal with a single high tide reaching 

MHWS7 (Figure 2-13). The datum was then corrected to match the hydrodynamics model datum (LVD 

for the Orowaiti model but the final simulated maximum water level are converted to NZVD16). Storm 

surge (calculated as difference between storm tide and tide level) was then added as a shift of the tide 

so that storm surge + MHWS7 tide peak matches the expected storm tide values. The wave setup was 

then added as an additional shift so that the maximum ESL matches the values in Table 2-3. With the 

training wall extending beyond the surf zone, the forcing for the Buller river mouth does not include 

wave setup.  

Infragravity waves (often the leading cause of overwash and flood protection overtopping) were added 

in the forcing by generating a timeseries of long-bound waves at the boundaries of both the Buller 

River Mouth and the open-coast of the model. The long-bound waves were generated using XBeach 

model boundary generator (Roelvink et al. 2009), extracted and added into the ESL level boundaries 

for the main area offshore forcing and Buller River mouth (Figure 2-14) . 

 

Figure 2-13: Design astronomical tide for the 1% AEP coastal storm for Westport .    
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Figure 2-14: Forcing for the 1% AEP coastal storm.   For the open coast the forcing includes storm-tide, wave 
setup and infragravity waves. For the Buller River mouth, the forcing only includes storm-tide and infragravity 
waves (i.e., no wave setup). 

 

2.7.2 ExTC Fehi validation 

In order to verify the validity of the hydrodynamics model, the model was tested by simulating the 

inundation caused by exTC Fehi. 

The forcing of the model for exTC Fehi was generated using the same methodology above but this time 

using astronomic tide level (NIWA tide forecaster), time-varying predicted storm-surge (NIWA 

Forecast) and wave setup calculated from predicted offshore wave condition (eco-connect) (Figure 

2-15). Infragravity waves calculated from the offshore wave condition as above was also added to ExTC 

Fehi storm-tide+ wave setup, with the wave energy peaking during low tide (Figure 2-16). 
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Figure 2-15: Construction of open coast forcing for exTC Fehi.   Storm tide was extracted directly from eco-
connect. Wave setup was calculated from wave parameters extracted from eco-connect. 

 

Figure 2-16: Open coast forcing for exTC Fehi including infragravity waves (IG).    
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The simulated inundation extent for exTC Fehi is remarkably similar to the recorded inundation extent 

(surveyed flood debris marks and witness accounts) (Figure 2-17). This simulation of exTC Fehi, in 

addition to previous flood simulation for this model setup confirms that this model is highly suitable 

for simulating flooding in Orowaiti Lagoon. 

   

Figure 2-17: Validation of coastal inundation model for exTC Fehi.   Blue dots show the location of surveyed 
flood debris marks, the red polygon area represents the inundation extent and flow direction observed by 
witnesses, blue shading represents simulated flooding from the hydrodynamic model. 

 

2.8 Summary of coastal inundation section limitations 

The methodological limitations arise within this work from: 

Á The generalised wave setup analysis (Section 2.3.3). 

Á Underpinning land elevation models (especially SRTM, refer Section 2.1.2). 

Á the uncertainties of the bathtub mapping methodology not including dynamic processes 

and overland flow dissipation (refer Section 2.6.1). 
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Á The timing of future SLR trends, which depend on global efforts to mitigate carbon 

emissions (refer Section 2.4.2). 

Given the potential uncertainties above, mapping future SLR scenarios in 0.2 m increments is 

appropriate. 
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3 /ƻŀǎǘŀƭ 9Ǌƻǎƛƻƴ ƳŜǘƘƻŘƻƭƻƎȅ 
This section describes the methodology for evaluating the coastal erosion hazard zoning. Coastal 

erosion has been recorded at all the pCHAs and some coastal protection measures have been put in 

place to mitigate the hazard.  Erosion hazard is the result of complex non-linear interaction between 

ƻŎŜŀƴ ŦƻǊŎƛƴƎ όǿŀǾŜǎΣ ǘƛŘŜǎΣ ŎǳǊǊŜƴǘǎΧύΣ sediment supply, transport and the underlying geology and 

geomorphology. Thus, predicting geomorphological changes is highly uncertain. While some models 

can predict geomorphological changes with reasonable skill, they rely on a comprehensive knowledge 

of bathymetry, sediment size and sediment load that is unfortunately unavailable for most/all of the 

West Coast region. However, analysis of historical imagery can provide a measure of the trend in 

shoreline position that is a useful empirical proxy for long-term morphological changes that is location 

specific and accounts for coastal geomorphology and coastal climate (wind, waves, sediment supply, 

etcΧύ. These historical trends were combined with the theoretical response of shorelines to predicted 

acceleration in SLR and the potential sudden retreat due to storms, to produce useful erosion hazard 

zones.  

3.1 Erosion zoning methodology 

The coastal erosion hazard zones were created from estimates of the future shoreline position 

combined with an allowance for processes that cause short term shoreline fluctuations and/or 

backshore slope failure. The base formula used to calculate the coastal hazard zone width (Eq. (1)) was 

adapted from Gibb (1982). 

ὡ ὶὝί (1) 

 

Where ὡ  is a coastal hazard erosion zone width (or distance from a reference shoreline); ὶ is a 

rate of change including historical rate and accelerated future SLR, Ὕ is the time span for the hazard 

zone planning period (50 and 100 years in this study), and ί is a factor to account for short-

term/sudden shoreline change due to storm erosion cycles. The formula has been applied at 20m 

intervals along the shoreline of each pCHA based on local estimates of the r and s terms (see sections 

3.2 and 3.3. The actual hazard zone is set back by the width ὡ  from the most recent shoreline 

position, which serves as a reference line. 

A hybrid-probabilistic approach was used to manage uncertainty in the ὶ and ί terms in Equation 4.1. 

With a conventional probabilistic approach, both ὶ and ί in Equation 4.1 are represented by 

probabilistic distributions and (using what is termed a Monte Carlo approach) 10,000 realisations of 

ὡ   are made by drawing values of ὶ and ί at random from their respective distributions. The 

resulting distribution of realisations (e.g., Figure 3-1) shows what the range in projected hazard zone 

width is, which width is most likely, and what the risk is that erosion could extend beyond any given 

width within the range. For example, if the line was drawn based on the 50th percentile of the 

realisations, which is the most likely outcome, then there would be a 50% chance that the erosion 

hazard would extend beyond that line by the end of the planning period. On the other hand, if the line 

was drawn based on the 95th percentile of the realisations, then there would only be a small (5%) 

chance that the actual future erosion hazard would extend beyond the line. It follows that for planning 

purposes, different percentiles may be chosen to match the value of assets and the level of risk.  
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For example, if the land in the possible hazard zone range was farmland, then a reasonable risk of 

erosion could be accepted and a 50th percentile line might be used. However, in a township (with 

higher-valued assets), then only a small risk of those assets being eroded could be tolerated and so a 

95th percentile line might best be used. 

 

Figure 3-1: Example of probabilistic coastal hazard zone prediction.   The vertical blue bars show the 
histogram of 10,000 realisations of the ὡ  width made by drawing values of ὶ and ί at random from their 
respective distributions. The black bars represent statistical measures of the distribution. Source: Bosserelle et 
al. (2019). 

The approach applied for this study ƛǎ ǘŜǊƳŜŘ άƘȅōǊƛŘ-ǇǊƻōŀōƛƭƛǎǘƛŎέ as it differs from a conventional 

probabilistic approach in two ways (Bosserelle et al. 2019). First, while in an ideal case the type of 

probabilistic distribution function selected should be the one that best fits the available data, on the 

West Coast, because of the limited amount of historical data available, a normal distribution was 

assumed for all terms. A normal distribution is reasonably justified to account for errors in digitization 

and shoreline detection that affect the estimation of historical shoreline retreat rates, but for short 

term shoreline fluctuations such as storm cut and slope failure, an extreme-value type of distribution 

is likely better suited but requires data on past extreme storm cut /slope failure to be fitted and that 

was not available. Second, in the ideal case, the procedures for determining the ὶ and ί terms in 

Equation 1 are well specified, so that the probability distributions assigned to them relate only to the 

uncertainties in the parameters used to derive them. This is the case, for example, with sandy beaches 

backed by dunes, where the effect of accelerated sea-level rise in the  term can be calculated from 

ŦƻǊŜǎƘƻǊŜ ǎƭƻǇŜ ǳǎƛƴƎ ǘƘŜ ά.Ǌǳǳƴ ǊǳƭŜέΣ ŀƴŘ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ǎƘƻǊǘ-ǘŜǊƳ ŜǊƻǎƛƻƴ άōƛǘŜǎέ Ŏŀƴ ōŜ 

assessed from repeated surveys of beach profiles. However, for other shore morphologies (e.g., rocky 

cliffs, perched beaches) for which neither the response to sea-level rise or the magnitude of shore 

erosion events are well formulated, the distributions associated with the ὶ and ί terms need to be 

estimated based on expert knowledge and approximation. Significant spans of the West Coast coastal 

hazard priority areas fall into this latter category because of the nature of the shore morphology and 

the availability of data. The upshot is that these hybrid modifications introduce additional uncertainty 

in the hazard zone width that is not explicitly captured in the Monte Carlo probabilistic approach used 

herein. This additional uncertainty is difficult to quantify but can be managed in part at least by making 

a qualitative assessment of the reliability of the hazard zone width for each shore morphology type.  
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3.1.1 Manual review/correction 

All the coastal erosion hazard zones were manually reviewed to account for geomorphological features 

and underlying geology that the hybrid probabilistic approach cannot take into account. For example, 

when the probabilistic hazard width extends from a sandy beach system to a bedrock feature, the 

coastal erosion hazard zone was manually corrected to the limit of the beach system. The manual-

redraw also helped making transition between morphology so that adjacent hazard zones are 

consistent. Another correction was applied when the hazard zone stops short of a significant 

geomorphological feature (e.g., the zone was in a coastal wetland or across an old channel) that may 

be reactivated during an extreme event, in such situation the hazard zones was extended to cover the 

geomorphological feature.   

3.2 Rate of shoreline changes (ὶ term) 

The shoreline rate of change was calculated according to equation (1). It is composed of the historical 

rate ὶ and a term to account for erosion due to an acceleration of SLR (ὶ). 

ὶ ὶ ὶ (2) 

 

Following the probabilistic approach each of the term of equation above is associated with a statistical 

distribution sampled accordingly in the Monte Carlo analysis. 

3.2.1 Identify historical trends in shoreline movements (ὶ term) 

Identifying historical shoreline trend in a consistent manner across all the priority area involves the 

geo-referencing and digitizing of historical shorelines (back of gravel beach, vegetation line).  

It is important to find the relevant shoreline markers (vegetation line, toe of dune, back of gravel 

barrier (refer to Boak and Turner 2005)) for each priority area, to adequately evaluate historical 

changes. For example, the gravel barrier in Rapahoe rolled over more than 30m since 1939 but the 

position of the vegetation line has not changed significantly (Figure 3-2). The detection of shorelines, 

for a range of dates, are necessary for shoreline trend analysis (e.g., Figure 3-3) 

Georeferencing and shoreline digitisation can lead to errors that can be quantified using a sample of 

known points and by estimating the pixel size and sharpness of the feature detected (e.g., vegetation 

line versus toes of dune). These errors are important to quantify as they are used in the trend 

analysis and uncertainty estimation (e.g., Figure 3-4). This uncertainty (confidence interval) can then 

be accounted for in the probabilistic shoreline prediction. 

 



  

Mapping for priority coastal hazard areas in the West Coast Region  45 

 

 

Figure 3-2: Georeferenced aerial image of Rapahoe in 1939 and the 2020 vegetation line (red line).   Note 
the gravel barrier has rolled over and the narrow lagoon does not exist anymore. The gravel beach lies near the 
vegetation line and is depleted. 
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Figure 3-3: Overview of detected shorelines for key parts of the priority areas.   The shoreline data has been 
provided along with this report for details. key areas are a) Rapahoe, b) Hector, c) Okuru settelment, d) Orowaiti 
lagoon,  e) Granity, f) Ngakawau, g) Punakaiki Beach, h) Punakaiki Village.. 
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Figure 3-4: Example of shoreline movement trend analysis.   Red dots represent shoreline position relative 
to an arbitrary onshore position. the error bar attached to the dots indicates the cumulated errors in 
georeferencing and digitisation. the black line is the most likely trend and the shading represents the 95th 
percentile confidence. The red line is the trend averaged across neighbouring transect and indicates the trend 
applied to the most recent shoreline. 

3.2.2 Erosion due to the acceleration of SLR (ὶ) 

Erosion due to the acceleration of SLR (ὶ) was calculated according to the geomorphology attached 

to a particular transect following a Bruun type approach. ὶ only accounts for the effect of the 

acceleration of sea-level rise. That is because the historical contribution of SLR is already included in 

the historical terms. For shoreline geomorpohology dominated by reefs, bedrock (i.e., consolidated 

geology) or heavily armoured coastal protection, this term was set equal to zero (i.e., no additional 

erosion due to accelerated sea level rise, Eq. 3a). For sandy beaches and mixed sand and gravel 

(MSG) beaches (beaches with gravel barriers above sandy beaches), a Bruun rule is applied (Eq. 3b): 

ὶ

π          ὥ
ὒὨ ὒὦ

ὌὨ Ὄὦ
ὶ ὶ           ὦ (3) 

 

Sandy beaches, and mixed sand and gravel beaches 

Conceptually, SLR is expected to accelerate shoreline retreat (or slow shoreline accretion) as 

sediment supply the submerged beach  to fill the space made available by SLR. This is a broad 

definition of the Bruun rule.  
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While this concept is a simplification of a dynamic and complex natural system it provides a first 

order assessment of the potential exacerbation of shoreline retreat due to SLR. 

The Bruun rule is summarised in eq. (3b)where ὒὨ is the offshore distance to the depth of closure 

(offshore boundary where waves affect sediment redistribution), ὒὦ is the distance of the dune/barrier 

crest to the backshore toe, ὌὨ is the depth of closure, and Ὄὦ is the elevation of the backshore, ὶ is 

the future rate of SLR and ὶis the historical rate of SLR . While Ὄὦ and ὒὦ can easily be 

calculated/estimated from Lidar data, the depth of closure is more complicated to calculate. The depth 

of closure ὌὨ was calculated using Hallermeier (1981) equation but with the parameter derived from 

Birkemeier (1985). The offshore distance (ὒὨ) was calculated assuming a Dean beach equilibrium 

profile with a Dean profile ὃ value (Eq. (4)) normally distributed centred on 0.1 +/-0.03.  

 

ώ ὃὼ  (4) 

 

3.3 Roll-over (Short-term/sudden retreat) ί term) 

Sudden retreat of shoreline due to storms needs to be accounted when creating coastal erosion hazard 

zones. In Mixed- sand-gravel beaches and in gravel barriers, the short-term retreat is observed as a 

rapid roll-over of the gravel part of the beach and washing-over of material (sediment, driftwood, 

wrack) into the backshore. Evidence of these processes have been observed on-site during field visit 

(Figure 4-4, Figure 4-6, Figure 4-20, Figure 4-21, Figure 4-24, Figure 4-25, Figure 4-26, Figure 4-32, 

Figure 4-37) with roll-over distances in excess of 30 m inland observed on exposed coastlines, but little 

roll over observed inside lagoons/river mouths.   

Because this process can occur at any time from significant/extreme storms, this process is 

approximated in Eq.(1) by adding a normally distributed buffer to the prediction of shoreline migration. 

Values used for different geomorphologies are presented in Table 3-1. 

 

Table 3-1: Roll-over values for different geomorphologies .   

Geomorphology type Mean value Standard deviation 

Open-coast beach/gravel barrier, 
lightτmedium armoured 
shoreline 

30.0 10.0 

Reef protected beaches, heavily 
armoured shoreline 

15.0 10.0 

Sheltered beach and lagoon 5.0 1.0 
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4 wŜǎǳƭǘǎ 
The scope of this project was to assess coastal hazard zones for a specific subset of pCHA provided by 

WCRC and defined in the CHA report (Table 4-1). This section contains a brief description of some the 

hazard zone mapping and field observations. The full results of hazard mapping is presented in 

companion GIS layers. 

The CHA report (Measures and Rouse 2022) includes a brief review of literature relevant to the CHAs 

and ǇǊƛƻǊƛǘƛǎŜǎ ǘƘŜ ŀǊŜŀǎ ōŀǎŜŘ ƻƴ ŀ ΨŦƛǊǎǘ ǇŀǎǎΩ ǉǳŀƭƛǘŀǘƛǾŜ ǊŜǾƛŜǿ ƻŦ ŀǎǎŜǘǎ ŀǘ Ǌƛǎƪ ŀƴŘ ǎŜǾŜǊƛǘȅ ƻŦ ǘƘŜ 

hazard, with low, medium and high priority assigned. 

Here we add to the CHA report literature along with additional notes and observations from the 2021 

field visit (see Section 1.3). Each CHA is qualitatively assessed for implications for the inundation and 

erosion hazard assessments and includes recommendations (e.g., based on morphology or hazards) 

for the analysis phase in later sections of this report. 

Note that the extents of CHA25 and CHA26 were expanded for this Project at the request of WCRC 

(Table 4-1). The two CHAs have been renamed and extended within the GIS shapefile (see Appendix 

A) as supplied to WCRC. 

Table 4-1: Priority Coastal Hazard Areas for this study.   See Measures and Rouse (2022) for further details 
on other coastal hazard areas. 

CHA Location Priority 

2022 

Status in  

2022 

CHA 3 Hector, Ngakawau and Granity High Existing 

CHA 4 Orowaiti Lagoon Low New 

CHA 12 Punakaiki Village (Pororari Beach) High Existing 

CHA 13 Punakaiki River Beach Medium Existing 

CHA 16 Rapahoe High Existing 

CHA 25 
Okuru to Waiatoto (renamed) 

Haast Beach to Waiatoto 
Medium Extended 2021 

CHA 26 

Neils Beach (renamed) 

Neils Beach to Jackson Bay 

 

Medium Extended 2021 
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4.1 CHA 3: Hector, Ngakawau and Granity 

CHA3 extends from 3.5 m north of Hector to the mouth of the Orowaiti Lagoon near the outlet of 

Deadmans Creek (Figure 4-1).  

The CHA shoreline is the edge of the Buller and Westport coastal plain which lies between the sea and 

the foot of mountain ranges which rise to the Denniston and Stockton plateaus (600-900 m elevation). 

The coastal plain is narrow (80 m) north of Hector but widens to about 3 km nearer to Westport. 

Multiple rivers and creeks drain the coastal ranges and discharge to the sea via river mouth lagoons 

and wetlands, the largest15 being the Ngakawau River (~197 km2 catchment), Waimangaroa River (50 

km2) and Whareatea (38 km2) along with several smaller creeks and agricultural drainage channels. 

The coastal plain is generally uplifted higher in the south (approx. 4-8 m elevation) compared to the 

north where it is effectively at present day sea level. 

The coastal fringe of the plain has multiple stranded beach ridges which area all aligned approximately 

shore-parallel from when they were formed e.g., at Jones Creek near Cains Road. Many of the swampy 

depressions between beach ridges the have been transformed into drainage channels for the adjacent 

pasture areas and creeks. The ridges generally are low beach ridges, only 2-3 m above the adjacent 

plains and bisected by creeks draining to the coastal lagoon and the sea. 

The CHA includes the small coastal settlements of Hector, Ngakawau and Granity with land use on the 

coastal fringe plain dominated by dairy pasture with some natural areas of swamp and lowland forest 

remaining. 

 
15 https://shiny.niwa.co.nz/nzrivermaps/ -> River Environment Classification ,  Upstream Catchment Area 

https://shiny.niwa.co.nz/nzrivermaps/
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Figure 4-1: CHA3 extents.   Annotations indicate locations mentioned in text or photographs. 

4.1.1 Erosion  

The shoreline in CHA3 is experiencing long term erosion combined with short-medium term (1-20 year 

time frame) cycles of accretion and erosion. Erosion is caused by wave driven abrasion and transport 

of material northward exceeding sediment supply from rivers and from the coast to the southwest. 

Erosion rates vary over the length of the CHA as well as over time due to varying wave conditions and 

sediment inputs from rivers. 

Long-term shoreline retreat is evident for most of the coast northwest from Cape Foulwind and beyond 

CHA3. This entire coastline is readjusting to two major long-term processes: 

1. The 300+ years since an alpine fault earthquake event has resupplied the rivers and beaches 

 with a fresh supply of sands and gravels. Over geological time scales repeated earthquakes will 

 cyclically deposit sands and gravels to build out the shoreline. At 2021 we are at the end of the 

 ~300-400-year earthquake cycle hence beach material supplies from the rivers are reduced 

 compared to the 1800s when the West Coast areas were surveyed and developed, and the coast 

 was flushed with beach material. 

2. The 120 years of readjustment to a new equilibrium shoreline position following the major 

 shoreline change when the Buller River training walls were constructed and extended.  

 

Beach Road 

Collins Road 

Cains Road 

Twins Stream 
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The training walls trap sediment either side of the mouth of the Buller River and restrict the flow 

of sediment reaching CHA3 resulting in erosion. In the 1860s the shoreline at the southern extent 

of CHA3 was previously 150 m further seaward than the present day with further historic erosion 

of the Orowaiti Lagoon shoreline and Deadmans Creek area in the late 1800s and early 1900s (see 

further the maps in Figure 4-10 as part of CHA4 analysis Section 4.2.1). 

Most areas of the CHA 3 shoreline show signs of coastal retreat (e.g., Figure 4-2). The retreat is evident 

in erosion and undermining of the coastal terrace plain which is causing forests and grassland to be 

lost (Figure 4-3). Erosion and wave overwashing over the low dunes and berm is evident with sandy 

overwash deposits found in the adjacent paddocks (Figure 4-4). Erosion is creeping closer to private 

properties along the Granity-Hector shoreline except for where rock revetments and seawalls attempt 

to hold back the sea (Figure 4-5 and Figure 4-6).  

Present-day shoreline variability is greatest near the mouths of the Ngakawau and Waimangaroa 

Rivers. Erosion rates in this CHA are sensitive to changes in sediment supply from the southwest (for 

example: sea-level rise resulting in build-up of beaches and storage of sediment west of the Buller 

River training walls). Any management practices which affect sediment delivery or movement along 

the shore within this CHA (i.e.,, groynes, beach mining or seawalls) have potential to impact on erosion 

rates/patterns.  

At various properties in Hector, Ngakawau and Granity, sea walls or bunds have been constructed. 

These are highly variable in design and condition. Whilst somewhat effective at mitigating shoreline 

retreat and inundation hazards in the short term, these structures will not provide long term protection 

without substantial reinvestment and upgrades. Vegetated buffer zones have been planted along 

some parts of the coast to help slow erosion. At some river/creek mouths rip-rap armouring has been 

used to prevent mouth migration and bank erosion. 

 

Figure 4-2: Shoreline retreat at southern end of CHA 3 (Beach Road) showing 3 m erosion scarp at end with 
adjacent vegetation loss.   Date: 13.8.2021. [Credit: M Allis (NIWA)]. 
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Figure 4-3: Erosion with 2-3 m scarp to the north of Beach Road towards the Whareatea River in CHA3 .   Tall 
trees in distance are located on the north bank of the Whareatea River mouth. Date: 13.8.2021 [Credit: M. Allis 
(NIWA)]. 

 

 

Figure 4-4: Wave overwashing through dune erosion and blowouts at Collins Rd. Overwashing deposits 
(sands and gravels) deposited 30 m inland from beach face.  Date: 13.8.2021 [Credit: M. Allis (NIWA)]. 

 

Overwashing flow 
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Figure 4-5: Granity School revetment adjacent to rolling back vegetated gravel barriers.  Date: 13.8.2021 
[Credit: M Allis (NIWA)]. 

 

 

Figure 4-6: Erosion north of Granity School revetment with drain infilled, berm eroded and vegetation 
rolling back towards private property.Date: 13.8.2021 [Credit: M Allis (NIWA)].



  

Mapping for priority coastal hazard areas in the West Coast Region  55 

 

4.1.2 Flooding  

The low-lying coastal land in this CHA is subject to wave washover flooding during storms. This risk is 

increased by erosion of the gravel barrier at the back of the beach. Extensive property and road 

flooding occurred during ex-tropical cyclone Fehi (Feb 2018, hereafter ex-TC Fehi). Flooding risk will 

increase with sea-level rise. 

4.1.3 CHA Analysis 

Both erosion and inundation will impact the CHA3 shoreline over the coming 100-years. Suitable aerial 

and satellite imagery was available to provide accurate shoreline detection for 1943, 1950, 1988, 2007, 

2011, 2015, 2018. For some part of the CHA, cadastral charts from 1878 was used in the erosion 

analysis. The Bruun-type approach was applied for the area fronted with gravel barrier (north of 

Birchfield and north of Hector). No impact of acceleration of SLR is assumed where private coastal 

defence structures are expected to be maintained at their current location (Granity school, structures 

near Ngakawau and structures near Hector). In these areas the effective erosion rates are partially 

obscured by the installation of the structures. However, the hazard zone still includes an erosion rate 

that crudely accounts for failure of the coastal protection.  

CHA3 shows a consistent erosion trend apart from the area just north of Birchfield (Jones Creek) where 

accretion was observed. The most rapid shoreline erosion appears on the southern part of the CHA 

near Beach Rd, where erosion rates  exceed 2.0 m/year (Figure 4-7).  

In Granity, the resulting erosion hazard zone based on 100-year outlook extends 70 ς 90 m inland from 

the present shoreline (i.e.,, 20 ς 30 m beyond the inundation hazard zone for present sea level). In 

Ngakawau and Hector the erosion hazard zone for a 100-year outlook is similar to the inundation 

hazard zone for present day sea level. 
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Figure 4-7: Hector to Orowaiti shoreline changes trends.   White means no change; red is erosion and green 
is accretion. 

Inundation assessment shows the low-lying land adjoining various river/creek mouths and lagoons and 

swampy depressions will be subject to increased flooding with sea-level rise. Future rainstorms will 

also cause increased localised flooding from drains and creeks backing up with sea level rise. 

Coastal inundation from the 1%AEP storm-tide + wave-setup at present sea level affects properties 

only near Granity, Ngakawau and Hector. In these areas, the predicted inundation extends up-to 80m 

inland in Ngakawau and ranges 50 ς 60m inland in Granity (Figure 4-8).    
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Figure 4-8: 1% AEP storm-tide+wave setup for present sea level in Granity Hector and Ngakawau . Blue 
shading shows areas at risk of inundation. 

 

It should be noted that the multiple river/lagoon/beach systems can experience complex interactions 

between hazards.  The interaction of river and coastal flooding and erosion are not covered in the 

static inundation assessment. 
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4.2 CHA 4: Orowaiti Lagoon 

This CHA covers the Orowaiti Lagoon and the coastline affected by the Orowaiti River mouth processes 

(Figure 4-9). The northern limit of this CHA is the same as the southern limit of CHA3. 
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Figure 4-9: CHA4 extents. 

  

4.2.1 Historic shoreline changes 

The Westport area has a long history of shoreline change resulting from efforts to control the Buller 

River and maintain a safe navigable channel to Westport. To achieve this, the then-Harbour Board 

constructed large river training walls in the late 1800s which were extended several times in response 

to land accreting around the river and the channel becoming unnavigable. The latest extensions were 

in the 1970s (Allis, 2015). 

The present-day Orowaiti lagoon is separated from the sea by the 300-800 m wide sand spit (named 

North Beach or Kawatiri Beach, Figure 4-9) which has accreted in the 140 years since the construction 

and extension of the Buller River training walls began (similar to Carters Beach on the western side of 

the Buller River).  

The 1860s-1880s shoreline, before efforts to control the Buller River began, was a long low sea-cliff 

approximately 200 m out to sea from the present-day southern bank of the Orowaiti Lagoon (Figure 

4-10) and eastwards beyond Deadmans Creek outlet. 

West of Beatons Creek the 1860 coastline continued along the present-day lagoon shore, passing a 

low island (present day Snodgrass Road) and crossed the former mouth of the Orowaiti River 400 m 

downstream from the Orowaiti Bridge (where the lagoon presently turns 90 degrees east). The 

shoreline continued west along the line of Orowaiti Road and curved around Bright Street into the river 

channel where it merged with an extensive river mouth and intertidal bar system with islands (e.g., 

Martins Island), shingle-spits, sand-banks and river overflow channels (of which the Orowaiti River is 

one). All the land north of Bright Street was created by sediment accumulating in the lee of the river 

training walls, this accumulation slowly built up the pre-existing sandbars and sand banks however it 

remains generally low lying with some low dunes and swampy areas. 




















































































