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Executive summary

TKAAd LINP2SOG Aa G2 laasSaa I+ aLSOA hroiledbdaestSi 2F W
Coast Regional Council for GraritgctorNgakawau, @waiti, Punakaiki Village, Punakaiki Beach,
RapahoeHaast Beach to WaiatofdNeils Beach to Jackson B&kis studynaps areas at risk from

coastalerosion and inundationit does not include other hazards such as tsuna@skior river

flooding Coastakrosion and inundation hazardgere assessedand hazard zone mapped for each
pCHA

The erosion hazard assessment is completed using a kytwighbilistic approach that accounts for
available shoreline data and derived trends but also allow for expegngt to account for effect
that are difficult to quantify and/or where no/limited data is available.

The study also apped land exposed to coastal flood inundation from extreme stdides, wave

setup and sea level rise. Inundation hazard assessmenitripleted using a hydrodynamics model

F2N) 2SAGLR2NIKhNRGIAGA | NBI  Fof Wesipait larid R&pahoeshight ( K (i dzo €
resolution LiDAR topography data was used for this analysidor other areas this data is not yet

availableso the analgis utilised the less accurate SRTM dataset. There is much higher uncenainty

this data and it is recommended that inundation hazard should ksnadysedo | confirm/update

the resultsonce LiDAR data is released for these areas

Accompanying thiseport are GIS layers showing potential inundation forakual exceedance
probability (AEPR flood events fora range of sedevelrise SLRsteps and erosion hazard for 5@ear
and 100year outlools. These layers will inform WCRC in the developmefiecfai Poutini plan.
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The scope of this projeisi 2 | aaSaa | &ALISOATFTAO adzmaSi (Talke WLINRA 2
1-1) provided byWest Coast Regional Coun®WCREand defined in the CHEeport (Measures and

Rouse2022).

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

CHA Location Priority Status in
2022 2022
Hector, Ngakawau an ) -
CHA3 . High Existing
Granity
CHA Orowaiti Lagoon Low New
Punakaiki Village (Porora . -
CHA12 High Existing
Beach)

CHA13 Punakaiki River Beach Medium Existing

CHA16 Rapahoe High Existing
Okuru to Waiatoto
Extended
CHaos  (renamed) Medium
2021

Haast Beach to Waiatoto

Neils Beach (renamed)

Extended
2021

CHA 26 NeilsBeach to Jackson Ba Medium

This study compriseassessments fathe two main coastalhazardserosion and inundationThese
hazards were addressed within specific methods based on the information available in the areas of the
West CoastOther hazards such as tsunaamd river flooding are outside the scope of this study.

The e@osion hazardassessment is completed usiaghybridprobabilistic approach that accounts for
available shoreline data and derived trends but also allow for expert judgment to accouegftdots
that are difficult to quantiy and/or where no/limited data is available.

Inundation hazar@éssessmensicompleted using a hydrodynamics model for Westport/Orowaiti area
YR &0lFGAO 0G0l GK(ldzoé 0 F2NJ 20KSNJ LY I! o

The assessment is supplemented by observations from a walkover site inspection of the pGiis
literature review of each area, and compilatiohaerial photography and other cadastral maps.

Mapping for prioity coastal hazard areas in the West Coast Region 11



1.1 Purpose of this report

Thisstudyisto provide coastal hazar@torm inundation and erosionhformation for WCRC who are
developing Te Tai Poutini plan, a combined district plan for the West ®akdr, Grey and Westland
District Councils)lhe 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 Exeedances and return periods

The likelihoods associated with extreme stetisles and/or waves, are reported in terms of their
probability of occurrence. Thannual exceedance probabili(AEP) describes the chance of an event
reaching or exceeding a certairater level in any given year. Fexample, if a®rm-tide of 15m has

a 5% AEP, thahere is a 5% chance of a stotide this high, or higher, occurring amy 1-year period.

Such an event is an outside chance in any year, but it can still happeshanttl be planned for.
Furthermore, although the occurrence probability is only 5% for any year, more than onetgerm

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% rowaof occurring or being exceedeikk., it is almost certain (see
discussion below on exceedances).

Alongside AEP, the likelihood of extreme events can also be described in terms chviagige
recurrence interva{ARI), which is the average time intal between events of a specified magnitude

(or larger), when averaged over many occurrerices a very long period of timd.ablel-2 shows the
relationship between AEP and ARI, small relatively common events have a high annual exceedance
probability and a low average recurrence interval, aiw versdor large, rare events.

Tablel-2: Relationshipbetween annual exceedance probability (AEP) and average recurrence interval
(ARI). AEP = £ eVAR)

AEP (%) 99%  86%  63%  39%  18%  10% 5% 20 1% 0.5%
ARI 0.2 05 1 2 5 10 20 50 100 200
.(years)

lwL O02NJAGA 2FGSY dzaASR &AdzZNNRBIAFGS GNBGdzNYy LISNA2RE
assuming that because one large event has just occurred, then the average recurrence interval will

pass before another such event. \Wereforepreferthe term AEP for weathaelated 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 extremersttide 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 plannindifetime for residential housing developmentgseater than 50/ears,the NZ Coastal
Policy Statementequires assessment obastal hazard riskver at least 100 yeafg.g.,Policy 240MfE

2017) whereas mortgage timeframes are usually onlyy8@rs duation.

Tablel-3 presents the likelihood that events with various occurrence probabilities will oatigast
once within a specified planning lifiene.
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The likelihoods are shaded according to their chance of occurring or being exceeded in the specified
timeframe:

A >85% Almost certain  (red)

A 60%84% Likely (orange)
A 36%€59% Possible (green)
A 16%35% Unlikely (yellow)
A <15% Rare (blue)

For example, a relatively common (smaller) event with983AEP ialmost certainto occur or be

exceeded over a 2@ear lifetime. However, a rare (larger) 2% AEP evenhligelyto occur or be

exceeded over the same S NJ f AFSGAYSP m: 19tQa FINB | 0O2YY2
design event magnitudegnd 1008year planning lifetimes are common for affected infrastructure or

for coastal hazard risk assessmenkaple1-3 shows that a 1% AEP eventlilely to occur or be

exceeded over a 10@ear planning lifetime with a 63% probability.

Tablel-3: Likelihood ofat least one exceedancevent occurring within planning lifetimes The likelihood
of occurrence is described by AEP and/or AR% 1- e~/ AR whereL = planning lifetime ané = probability ofat
least one exceedance event occurringhin the planning lifetime.

Planning lifetime (years)

ARI

AEP (%) (years) 2 5 10 20 50 100 200

39% 2

18% 5

10% 10

5% 20

2% 50

1% 100 63%

0.5% 200 22% 39% 63%

In this report, we include large wave heights combined with high stiistes because coastal flooding,
or other hazards such as erosion or structural damage to coastal defences, roads or buildings, is worse
when high stormtides and large waves occur toget.

1.3 Field visit
A field visit to the aven priority areas took pladeom 12-15 August 2021.

Thepurpose of thefield visit wago:

A Observe each siténterpret changes since earlier photographsevious inspections,
and reports.

A Qualitatively identify the potential for erosion and inundation hazards to affect the areas
the assessment timeframe

Mapping for prioity coastal hazard areas in the West Coast Region 13



A Identify the differentsite morphologiesto inform the quantitativefuture shoreline and
inundation hazard predictions.

Coastal areas werimspected by foot and public vehicle access. Some areas of CHA25 could not be
readily accessed due to lack of road access to the beaghNorth Bank of Arawhata River to northern
extent of Waiaoto Lagoon, south bankf@kuru Lagoon to Mussel Rockpwever, these inaccessible
areasare potentially subject to coastal hazardsnd aerial photographs show they appear consistent
with adjacent areas of coast which were inspected.

The photographs and observations from the field visit are included throughlbist report.
Observations from the field visit are presentatbngside the results of the coastal inundation and
erosion analysis iBectiord.
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The study splganalysis of coastal hazard into a coastal inundation component and a coastal erosion
component.This sectiordescribeghe methods used t@assesshe coastal inundatiomazards

Mapping land exposed tooastal flood inundation from extreme stortides involves the following
steps which are elaborated further below:

1. Source digital elevation models (DEMs) of land topography (Seztiprsuitable for
inundation assessments.

2. Estimate extreme sebevel elevations around the coastline, including the effects of
storm-tides ST and wave setupW9 (Section2.3.3 as well as tidal elevation®.¢.,
mean high water springs) (Sectiar8.6).

3. Addsealevel rise ELRto extreme sea levels (Secti@m).
4. Adjust formean sedevel MSL) offset and vertical land motiorBgction2.3.5).

5. Spatial mapping of extremeealevel + SLR elevations onto land to identify future
coastal flood inndationareas(Sectiord).

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

2.1 Digital elevation models and LIDAR availability

Digital elevation models (DEMS) are measurements of land elev@ieMs are used in conjunction
with extreme water level analysis to map coastal fldmehdationhazard areas.

For this study we used@mbination of aerial surveftiDARaN satellite DEM products.

2.1.1 LiDAR

Airborne light detection and ranging (LIDAR) topography suraegsthe best available DEMs for
coastalstorm-tide and SLR flood mappind.hese provide vertical elevation accuracy daar0.10;
0.15 mand can includeerivatedatasets of digital surface models, building outlines singultaneous
aerial photography.

LINZ manage LiDAR dataséts New Zealand and haweprogramme tabtaincomplete coverage of
LiDAR around Ne#eS | £ Y RQ& O2 | ZAl thdtimé dlu&iting LINZ&are activiely surveying
the West Coast and recenthAijgust2021) released LiDAR for the Westport area inclgcCH/S
(Westport/Orowaiti)Jand most of CHA4Granityand Ngakawatbut not Hector).

LiDAR DEMasn the West Coastire generallyavailable forlarger urban areas (Greymouth, Hokitika,
Westport) with a small number of additionallages €.9.,Rapahog and riverbedse.g.Waiho)

Table2-1 below outlines the areas of LIDAR available for the present sitigyiority CHAs

1 https://data.linz.govt.nz/
2 https://linz.maps.arcgis.com/apps/MapSeries/index.html?appid=2552c3a5cee24f7b87806b085c3fee8a
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Table2-1:  Digital elevation model availability for priority BAs.

CHA Name DEM sources

3 Granity, Ngakawau, Hector LiDAR (2021) with biascorrected SRTMnorth of
Ngakawau River

4 Westport/Orowaiti River LiDAR (2021)

12,13 Punakaiki Village, Punakaiki River Mouth satellite DEMHigiascorrected SRTM

16 Rapahoe LiDAR R016Grey District Council Hokitika

25 Haast Beach to Arawhata River Mouth satellite DEMMfiascorrected SRTM

26 Jackson Batp Neils Beach satellite DEMMfiascorrected SRTM

2.1.2 Areas without LIDAR

Where LIDAR is yet to be flown mleased, we have use satellibmsed elevation measurements of
the land. A number of satellite DEMs have coverage of neat epeas and are available publicly or
via data subscriptiorfor this study wevaluatedwhich ofCoastalDER)] SRTM(original rereleased
or modified) or MERPWwould bemostappropriate for the West Coast inundation assessments.

¢tKS4S 59aa NP o6lFlaSR 2y alaSttAdS G2L123INFLKeE YS
Topography Missions (SRTM), the Japanese Space agendd) (33D missiohsand other
commerciakatellite sources. CoastalIDEM and MERIT are based on the original public releases of SRTM

at 3 areseconds or about 90 meters with a number of correctiomg.(absolute bias, stripe noise,

speckle noise, and globimee height bias)The SRTM was subsequentlyredeased with full worldwide

resolution of 1 aresecond, or about 30 meters, including other corrections. NIWA reprocésised

SRTM datdollowing Meadows & Wilson (2021)o further removelandcoverbias around NZand

compae theSRTM elevation bids available LiDABataNZwide. These datasets, are an intermediate

between the LINZ 8m topomap and LiDAR survey.

Figure2-1 demonstrates the result of the N&ide bias correction process when comparing ahly
overlappingWest Coast LIDAR datasets. The reshittw the STRM data used for this study have
mean bias 0f0.27m and a Standard Deviation of 1.55I0iDAR (at €m spatial resolution) would still
be preferred however théiascorrected SRTM DEM isediable DEMsuitable fordistrict cale coastal
inundation assessmentghere LIDAR is unavailalfleigure2-2, Figure2-3).

8 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.jgALOS/en/aw3d30/index.htm

7 As partof Deep SoutliNational Science Challangedapting to-Compound Flood Haza#020-2023
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Figure2-1:  histogram of @lculated elevation difference between SRTM and LiDAR for the West Coatse.
mean bias is0.27 m with a standard deviation 8f01 m.
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Figure2-2: Map of elevation differences between LIDAR and SRTM at Rapahfoe elevations<10 m
Difference is calculated as SRTM elevationusLIDARelevation.
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Figure2-3: Example comparison of digital land elevation at Rapahoe from sources considered for this study.
A) CoastalDEM, B) bias corrected SRTM and C).L$0&lIR and colour graduations tsamefor all. Elevation
data clipped at 6.5 m.

Figure 2-3 illustrates the same area dRapahoeand the Waimatuku/Seven Mile Creeising the
CoastalDENMbiascorrected SRTIVand LIiDARThe improved in spatial resolution from CoastalDEM to
SRTM is seeim the reduced grid size and resolutiof smaller topographic features, however it is
clear that LIDAR is the most suitable for coastal hazard mapping where available.

We note that he static inundation mapping may be updated relatively easily whenR.iBAeleased
for the other priority CHAs.

b L 2 lbiss&orrected SRTM is hereafter referred to as SRTM.

2.2 Vertical datum

NZVD2016 is used throughout this report. Any conversions between local vertical daums (
Lyttleton Vertical Datum 1937, L\MIF) wereundertaken using the LINZ online coordinate converter.

Note that the offsets between L\VVB7 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 eshated stormtide-driven extreme sedevels (ESLs) along the New Zealand
coastline. ESL elevations were calculaisohgthe formula:

ESL = MSLSH+WS+ SLR (1)
where:

A MSL is mean sea level relative to local vertical datum calculated frofeselagauge
records over (approximately) a recent decade,

A STis the stormtide combination of high tide, meteorological effects (stesarge) and
monthly sealevel anomaly, affec® by both seasonal heating and cooling and
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interannual and inteidecadal climate variability such as the El Nifio Southern Oscillation
(ENSO) and the 280 year Interdecadal Pacific Oscillation (IPO),

A WSis the additional wave setup (over and abds@ at the shoreline where breaking
waves are presenand

A SLRsrelativesealevel riseincluding theeffect of regional sea level rise alutal effects
of background vertical land motion

For this study, extreme sea levelindationmaps for the WestCoastwere extractedfrom a series of
pre-mappednationatscaleinundationassessments by NIWAsputlinedin Sectior2.3.1below).

However, these BELs 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:

A Update of MSL offset iBSL calculatiobased on recent tide gauge measurerntghe
change associated with this upddgegenerally <0.1 riseeSection2.3.5.

A Adjustment of future sedevels to account fobackground vertical land motion across
the region (.e., interseismic subsidence or uplift) and extrapolated to a -$66r
timeframe. This offset is generally <0.2 m over a-y@ar timeframe and only for sites
near Westport(seeSection2.4.1).

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 proligb{AEP) extreme storftide + wave setup elevations were

OF £t OdzAf F ASR Fa LI NI 27F | 5 SHasial Fléoding Expdskte UndeSritarE NI &
Sealevel Rise for New Zealan@Paulik et al. 2019). In that study, stotide elevations wer@stimated

from a mixture of sedevel gauges and the NIWA tide forecas(@oring 2001)with stormtide

relationships to MHWS given in Stephens et al. (20R@® treatment of wave setujs relativelycrude,

being a simple allowance of +0.5 or +n5depending on perceived energy exposuyieaulik et al.

2019, Paulik et al. 2020)

While improvement in themethod are part of current research projects (Deep South Challenge:
Adapting to-Compound Flood Haza?20-2023 and the University of Victoria Endeav®uogramme:
NZ SeaRis2017-2022) output from these projecthave not yet produced usable results this West
Coast study.

2.3.2 Extreme storntides

Extreme stormtide is calculated using relationships between tide and extreme statenfrom by
Stephens etl. (2020). They showed the existence of a linear relationship existed between MHWS7
and extreme stormtide levels by fitting extrem&alue models to the measured sea levielsegions

with a sealevel gauge record.

In regions with no se&evel gauge reord, stormtide elevationsan be calculatedsingthe samdinear
relationships between MHW® and extreme storntide elevations cigure2-4).

Table2-2 illustrates the linear fit coefficients arfeigure2-4 provides examples.

Mapping for prioity coastal hazard areas in the West Coast Region 19



Table2-2:  Stormttide linear fit coefficients relationship to MHWS7 (m).

Stormttide ARI (years) y-intercept Scalar (MHWS7) 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
3.5 . . . . . .
vV 1-year ARI
C 20-year ARI
3L 500-year ARI i

N
(&
T
1

—_—
o
T

=

Extreme storm-tide elevation (m)
[aS]
<

7 5
\\,r v

0.5 1 1 1 1 1 1
0.6 0.8 1 1.2 1.4 1.6 1.8 2

MHWS-7 (m)

Figure2-4: Linear relationship of storm tide and MHW®. 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 wasedmined by estimating wave setujVave
setup is highly dependent on the local bathymetry and exposure to wave emeddifficult to
estimate innon-uniform bathymetry and topographyin addition, there are no direct recosaf wave
setupon the West CoasHowever, inundatiorwater levelsin the Orowaiti lagoon during ekopical
Cyclone (exTCrehiwere surveyed angrovide a benchmark for the combined stoide and wave
setup.
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Because a joint probability between sto#tide and wave setp is not availablea single value of 0.8 m
wave setup is being used for thighole West Coashcross all the scenasoThe wave setup value of
0.8m corresponds to the wave setup resulting frérf&m significant wave height with &4 peak wave
period travelling directly towardshe coastwith a surf zone slope of 1/60 (based on CEM formulation
USACE (2022)his value is comparable to the wave setup at high tide during exTC Fehi in Westport.

2.3.4 Extreme storm tide + wave setup elevations
Theestimated ESLra consistent with theriginal analysifrom Paulik et al. (2019) fahe West Coast

The1% AEFRStorm tide + wave setup elevations are showrfrigure2-5. The ESLs for this large and
infrequent event are generally in the range28¢ 3.3m above MSLTable2-3 contains the extreme
sealevels for more frequent eventsear priority CHA locations.

3.33

id .

Figure2-5: Output of 1% AEP storrtide + wave-setup elevationsabove MSLalong the West Coast used in
this studyTable2-3: Extreme stormtide +wave setup elevations on the open coaas mappedor Priority CHA
assessmentlevationsin NZVD2016 includinginiform 0.14 m ML offset.Coordinates in NZ Transverse
Mercator (NZTM).

Site name  CHA  Easting Northing Stormttide + wave setup elevation (m NZVD2016)
AEP: 39% 18% 10% 5% 2% 1%
ARI: 2year 5-year  10year 20year 50year 100year

Westport 3,4 1499608 5390870 2.775 2.843 2911 2.953 3.037 3.085
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Site name  CHA  Easting Northing Stormttide + wave setup elevation (m NZVD2016)

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

ARI: 2year 5-year  10year 20year 50year 100year
Punakaiki 12,13 1464850 5336372 2.6643  2.729 2.7937 2.8335 29131 29578
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 2.7708.0%
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 levebffsets

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 operatedH®/Regional Counailr 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 studiesf nationalscaleassessment of extreme water levels (eRpulik et al. 2018Gncluded
MSL offsedrelative to local vertical datusascalculated and presented in Table SBefi et al. (2015)
For the West Coa®ell et al (2015)applied a uniform 0.14 m offsethich 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 measurementshyade
LINZat various locations and times from 202921, nor the recent efforts of LINZ survey the gauges
into known vertical datumsHence, we can now update théViSLoffsetsasprovided to NIWA by the
Technical Leaddor Sealevel Datat LINZpers. comm. Glen Row&r Westport, Greymouth and
Jackson Baffable2-4).

MSLfor eachpriority CHAbetween LINZ MSL locatiomsasapproximated by manual interpolatioof
the MSL elevation witdistance fronthe LINZ locationandfollowing the apparerittrend of declining
MSL elevation by approximately 100 mm from Westpordackson Bay

These MSL elevatioslevations are provided ifable2-4 as referencesea levelaunderpinning the
coastal hazard assessmdnmit may be updted in time if LINZ update the data.

8 Longer durations of measurements at intermediate locations is required to confirm the uniformity of this trend.
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Table2-4:  Mean sea leved for coastal hazard assessmeMSL elevations from LINZ measurements pers.
comn? MHWS?7 heightsat nearest locatia Stephens et a2020 Manual interpolationbetween MSllocations
indicated by * Conversion from local vertical datum to NZVD via LINZ online con¥&r@uordinates in NZ
Transverse Mercator (NZTM)

Location CHA Easting Northing LVD37 tgMSL offseUpdated MS Difference ir
No. NZVD2016 |used in Paulikoffset used ir MSL  offsetg
offsett0 atet al. (2019this study (new ¢ old)
coordinates |national scalf
mapping
Elevation Elevation

(m) (MLVBSY) |\ Lvps7)  (m NzvD2016™
Westport 3,4 1499608 5390870 0.368 0.14 0.261 -0.107 0.121
Punakaiki 12, 131464850 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
Greymouth (17, 181446107 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 Bdy26 1255444 5123506 0.318 0.14 0.116 -0.2@ -0.024

The effect of updated MSLs is that tlextreme stormtide + wave setup elevations that were
inundation mappedare marginallylower or higher depending on the area of the West Coase
largest difference is Westport where the updated MSL is now 0.121 m higher than previously used so
the extreme sea levatlevations and inundation mapping are underestimated by this amoUaible

2-4 demonstrates that ther priority CHA sites have smaller underestimateg.(0.09 m at Punakaiki),

or very small overestimatgg.g.,-0.024 m at Jackson Bay)

The WCRC should be aware afdbupdated dfsets. Fbwever, MSL offsets of this magnitude are small
compared to thecombined potential uncertaintiesand limitations in the analysis and mapping
methodology(refer SectiorR.8).

Local offsetsof this magnitudeare relevant andmay be applied to the dynamic procebssed
coastal/river modelling at Westport (this study) and Hokitika and Greymouth (as being completed
concurrently by LandRiverSea consulting). This may be revisited when LIiDAR is availabigidegion

2.3.6 Tides

This CHA analysasid underpinning extreme stor#tide analysisncludes astronomical tide forecasts
Hightide heightsalong the open coast, outsidd estuaries, Mean Higiater Springs (MHWS7,
representing the highest 7% of all astronomical high tidesde calculated fromthe NZ tidal model
(Walters et al. 2001)TheseMHWS7 values ardneightsabove mearsea level

This method of deriving MHWSdirs from the LINZ methodhich isbased on summiniylz +S + N>
tidal constituentd(i.e.,, lunar and solar tidesyndgives 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 MSLelevations: pers. comm. Glen Rov#NZ Technical Leader Sezvel Data (email-3ept2021)
10 https://www.geodesy.linz.govt.nz/concord/
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The MHWE elevation includes geographic tide variations, such as west coast-s@pgtides and
eastcoast monthly perigeasapogean tides

MHWS7 elevations were available fro®tephens et al(2020) and with readjustment to the local
MSL elevationéSection2.3.5above) are provided relative to NZVD2016Tiable2-4 and illustratedm
Figure2-6. These elevations are used within the underpinning tidal elevations for dynamic coast/river
modelling at Westport, Hokitika and Greymouth.

The MHW elevations show a declinitigend of approximately 0.5n from Westport to Jackson Bay
which is consistenwvith the declining amplitude of the major tidal constituents along this coastline
(the Mz and S tides rise to the north).

Table2-5: MHWS?7 is the highide elevation exceeded by only 7% of high tides.

Location CHA No. Easting Northing MHWS7
Height above Elevation Elevation
MSL (m) (m LVD37) (m NZVD2016)
Westport 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
Greymouth 17,18 1446107 5293434 1.41 1.61 1.29
Hokitika 21 1432634 5268459 1.39 1.59 1.25
Okuru 25 1270468 5130759 121 1.34 1.02
Jackson Bdy 26 1255444 5123506 1.16 1.28 0.96

The intersection of theViIHWST7elevatiors 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 €.g., Allis et al. 2021) and this may be used to approximafature CMA areasafter
incremerts of SLRThismappingis not included in this study.
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Figure2-6: MHWS?7 heights (above MSL) along the West Coag&ource:Stephens et al. (2020), Walters et
al. (2001).

2.3.7 Validation of storm tideand storm tide + wave setup

exXTCFehiwas anotablestorm event (Stephen et al. 2020) that produdgghest storm tide on record

at Jackson Bagnd caused unprecedentambastalflooding in and near WestpartStormttide records

from exTC Fehi in Westponhd Jackson Bay provide an important data point for validating the values
calculated in this studyn addition, recorded inundation levash Westport following the event provide

a robust validation for hydrodynamics)

Westport tide gauge is located welkide 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 waveTdetgiorm
tide recorded during exTC Fehi is 2.29 m LVD which is 0.11 m below the estimai&dP38tm-tide

and 005 m below the 2% AEP stoitide for Westport. Considering the uncertainties with the extreme
analysis this comparison validates therstetide analysis.

In Jackson Bathe tide gauge reached 2.33m above | ¥Bm above the 1% AEP stoitide and 0.4m
below the 1% AEP stortide + wave setupThetide gauge idocatedapproximatelyl50m from the
shorg soit was likely in the surzone during the event but not recording the frdingeof wave setup
(which would ocur at the shore).
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Considering the uncertainties with the extreme analysis this comparison validates the-tsierm
analysis.

2.4 Future sea levels

Climate changés causinghe elevation of mean sea level to increase. All wave and tide procasses
superekvated above this rising level.

Following the Ministry for the Environment (MfE) Coastal Hazards and Climate Change Guidance (MfE,
2017), ve applied a series LR increments to forecast future coastal hazavdeh encompassa

range of future sedevelscenarios The increments selectedngefrom O m to 2m above present day

mean sea level® 0.2m increments

Simulating a range of sea level rise increments rather than SLR values linked to specific projections
under different emission scenarios has a numbébariefitshasa number of benefits:

A The equivalentincrement recommended inMfE (2017)or identified in IPCC ARG6
projectionscan beeasilyidentified.

A Local vertical land motions (VLM) which contributedtative sealevel rise (RSLR) can
be coupled to the future SLR projections and hence to the equivalent incremenstie
VLM is either subsidence of t@nd relative to the sea resulting in an additional sea
level riserelative to the landor conversely uplift of the land results in a reduced relative
sealevel rise (VLM is detailed in Sectidh4.l).

A Future updates to SLR and VLM do not requ@e& modelscenarios as the any updated
in sea level rise prediction can be tied to the nearest existing scenarios

A Increments allow a look into the futuneithout getting bogged down ithe details of
future projectionswhich are expected to change

A Increments areemissionscenario neutralc hence allow for other climate change
trajectories to be included

One utility of incrementalSLRmapping is also ithat it can be repurposed for coastal adaptation
management with communitied his approach involvesnsideringa range of scenarios and pathways
using the incremental SLR maps as resourdeggers and decision points inDyramic adaptive
planning pathways (DAPPYocess.

2.4.1 Vertical land motion

Vertical land motion is thegeologicalbackground trend of verticaland movementat a rate
independenbf the active seismic motiofi.e,. earthquakesand interseismic rated={gure2-7).

VLM combined with sebevel rise rates becuesrelativesealevel rise (RSLRB$ 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).
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Figure2-7:  Explanation of vertical land motion rates[Source: Beaven & Litchfield (2012)].

Continuous GP@GPS) sensors are operated by GebtrattWestport, Hokitika and Karangarua and
can be used to loserve the different components of land motisuch as uplift/subsidencéFigure
2-7). Beaven and Litchfield (2012) determined local VLM rates on thet \W@oast from three
continuous GPS gauges located near to the cobabl€2-6). In 2012, hese gaugesshowed slow
subsidence-0.8 mm/yearover 8 yeas of datg at Westport and slower uplift (+0.3 mmover 10.5
year9 atboth Hokitikaand Karangarua

Table2-6.  Vertical land motion rates on the West CoastRates reported by Beaven & Litchfield (2012) and
reanalysed for this study with simple leagjuares linear trend from the start of the cGPS data to the end date
before active seismic activity.

VLM
(Beaven&  End date of VLM
Name Location Easting  Northing  cGPS Start dateLitchfield,  Jinear trend  (this study)
2012) (this study) mm/year
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 byNZSeaRid& However,until NZseaRISiroduces?® local VLM estimates, a linear trend
estimation is appropri@ to infer trendsand has been used elsewhere for district plan assessments
(e.g.,for Wellington CityCouncilin Bell & Allis, 2021).

Herewe have estimated the background trend in the VLM from the beginning of the cGPS record
through to a nominated endlate (Table2-6) which correspondsvith a shift to active vertical land
motion from €.g.,14 Nov 2016 Kaikoura earthquake for HOKI) which is at the beginning of a recent
period of seismic fluctuation$-igure2-8). This is different from theate of suggested iRigure2-7 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 projausi of relative SLR projectioissexpected irearly 2022.
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Theupdatedratesestimated hereare consistent witlthe magnitude and trend dBeavent Litchfield
(2012) and shovan acceleraion of subsidence td..47 mm/year subsidence at Westppand slightly
reduced uplift 0f0.16-0.25 mm/year uplift at Hokitika and Karangarua.
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Figure2-8: Vertical land motions recorded by cGPS sensors along the West Cdzatashown forWestport
(WEST), Hokitika (HOKI) and Karangarua (QUAGHjt = positive on the -pxis. Leastsquares linear trend
calculated from start of data to dateportedin Table2-6. [Data source: geonet.org.nz].

Extrapolating these ratesout to 100-yearsto align with the district planning time scales, the VLM
estimateswould contribute an additionaD.147 mto relative sedevel riseat Westport, but only 16
25 mm at Hokitika and Karangari@able2-7). This linear extrapolation assumes the =yiear trend
at each site will continue over the coming century which is deeply uncertain.
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However,over thistime periodthe 0.147 m is a nonegligible addition that MfE (2017) suggests
should be considerenh future planning

Table2-7: VLM extrapolated over 10§ears for district plan timeframe.

VLM VLM over VLM over 106years + 50¢
Name Location CHA (this study) 100-years acceleration of trend
mm/year mm mm
WEST Westport 3,4 -1.47 -147 -220
HOKI Hokitika 0.16 16 24
QUAR Karangarua 0.25 25 37

Taking a precautionary approachf(&NZCP®olicy 3 we have estimated VLM if the recent regional
VLM trends were to accelerate by 50% over this timeframeéa086 acceleration would lead to

potentially 0.220 m subsidence at Westport at the end of-¢6@rs, but still only 24 to 37 mm at

Hokitika and KarangaruaspectivelyTable2-7).

However, similar to the discussion abdotal MSL offsets (Sectiof.3.5, the extrapolated VLM
estimates musbe consideed in the context of the inherent uncertainties and limitations of the CHA
inundation analysis, underpinning land DEMs, mapping methmdSLRmMeframes. Refer to Section
2.8for an overview of methodological limitations.

Here, ve have mappeduture SLR increments at 0.2 m intervalishe council wishes tmclude relative

land motion in addition to SL&¥er the district planning timescaléhenthe recent or accelerated VLM
rateseffectively meanshe hazard map implementation shoutde nexthighestincrementof mapped

SLR for CHA which are closest to Westport. The VLM for the other cGPS sites appears small compared
to SLR and may bmeglectedunless trends change

These values should hgdated,and hazard increment revaluatedwhen theNZSeaRisesults are
releasedn 2022.

2.4.2 Sealevel rise

Sealevel rise is mapped on the land viecrementsof 0.2 m above present day sea levels. These
increments are not tied tassumptions aboutny specific trajectorgccurring rather thetiming that

they occur is identified from the global projectiofisis is the approach recommended in MfE(2017)

as partof 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 SLBcenariosfrom MfE (2017)which are based around three greenhouse gas
representative concentration pathwal/s(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 RepofPCC (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 Reptet (AR6). N
that AR6 uses new terminology of Shared Secionomic Pathways $Ps) to represent future SLR. The new SSPs have similar notation to
RCP 2.6, 4.5, 8.5 with the equivalent SSP being between @.02 m higher SLR at 2120 (4ar timeframe). The use of SLR increments
for hazard mapping means this analysis is indepahdéSLR trajectory as the equivalentitieto SSP can be established.
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The fourth higher scenario is at the uppand of thed £ A { S &e., BArdyedcBrtile) 6f the wide
ensemble of SLR projections (fradopp et al. (2014)based on emission scenario RCP8lhs
A0SYIINA2HHA® OK i B+SRifamKSldtls the possibility of future surprisekdp

uncertainty) towards the wupper range in SLR projections of

Mean sea level rise scenarios for NZ to 2150
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Figure2-9: The fourSLR scenarios for NZ (excluding VIfidjn the MfE coastal guidance (MfE 2017) out to
2150 overlain by the annual MSL series from Wellington Harbour for 22m19. Note: SLR is relative to the
1986¢2005 average MSL. Source: ProjectiolSE 2017, tide gauge datagGWRC

The scenarios iTable2-8 and Table2-9 have beenadjusted to 2020mean sealevelsusing the
assumption that the sekevel rise trajectory lies exactly on the projected scenario at year 2020 and

would follow that projected trajectory forward in time.
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Table2-8:  5-yearly increments for projections of sekevel rise for the wider New Zealand regiorSLR listed
in metres above 2020 mean sea levéhdapted from MfE 2017)

Sealevel rise NZ RCP2.B1 (median) NZ RCP4.61 (median) NZ RCP8.5! (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 1.09 141
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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Table2-9:  Approximate years when specific sdavel rise increments could be reached for various
projected scenarios of sedevel rise for the wider New Zealand regiorSLR expressed metres above 2020
mean sea leveBold shows SLR increments mapped in this projdapted from (MfE 2017Stephens et al.
2017).

SLR NZ RCP2.6 MNZ RCP4.5 MNZ RCP8.5 MNZ H*
(median) (median) (median)
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¢2.0 >2150 >2150 >2150 >2150

2.5 Tie in of mapped SLR scenarios to priority CHAs

Theutility of usingpre-mappedSLR increments to communicate future potentiahstalhazard areas

Ad GKIFG A0 R2SayQi singl&SLRitijSctoryefgdayiedhtiioseinSection 42K 2 2 & A y 3
rather it enables the council to test exposure and risk using any trajectory, and also to see beyond the
100year timeframe.This approach allows the council to include local adjustments based on
information available at théime of assessment andpdate the mapping as new information comes

to hand €.g.,LIDAR). However, this approach does require a process to systematically decide which
mapped increment to use for specific mapping scenarios. The below diagram indicatbasihe
information process fothe map ofeach areaKigure2-10).

We also note that other council initiatives and preferences may also adjust thdisele€ 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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Find SLR for selected
timeframe and RCP
(Table2-8)

Select timeframe Select SLR
(e.g. 106years) trajectory (RCP)

Find VLM adjustment
(if using) Table2-7)

Find ARI adjustment
(if using) Table2-3)

Combine adjustments with
base SLR

Council specific
adjustments

Select map corresponding to base $idRement
(nearest 0.2 m) including combined adjustment:

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

Figure2-10: How chart for determining mapped SLR increment to use.

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

the mapped 1.2 m increment is the one to use for 4@ar ARl maps for Westport area under the
RCP8.5M scenariin 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.
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Table2-10: Worked sequence for selecting mapped SLR incremerfRefer toFigure2-10.

Step Selection
Site Westport north area; CHA3 and 4
Select timeframfAEP 100 years
SelectSIRtrajectory RCB.5 M

=>0.97 m SLR in 2120.
Also check if any key assets become exposed in RCP
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 198ars near Westport (r
VLM acceleration)
=> +0.148 m adjustment

Council adjustments LiDAR DEM available, topography well defined.
No council adjustment

Combine adjustments MSL + VLM only
=>+ 0.28 m adjustment

Combine adjustments wiRSLR estimate at 2120
base SLR =>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 Mappingof inundation(all pPCHAexceptOrowaiti)

The calculated total water level elevatiofts eachpCHA(i.e., storm-tide andwavesetupfrom Table

2-3, combined withSLRncrements from 0 to 2n), were mapped ontathe coastline adiscreetpoints

along each CHA araktrapolated inlandThe DEMi.e., ground elevationas thensubtracted fom

the maximum water level surfaces map inundation depth and extenThisstatic level2 NJ & 6 I ( K (i dzo ¢
flood mapping approach assumes all land below the mapped sea level and connected to the ocean will

be entirely inundated.

Coastal flood maps were creatém 1%AERtorm-tide scenarios, mapped for the present day dod
+02 m increments of SLR up t@ #n (.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

A Only areas that have a direct hydraulic connection to the sea are mapped.
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A This excludes the potential for additional flooding effects from streams or drains
WahingdzLIQ 60 SKAYR KA 3IK O2 gréuidiveter Idvel2cauRedl byri&NE = K
of sea level and/or storm tides, and any terrestrial flooding from rainfall.

A The static flood maps exclude the building footprints. The exclusion does not affect the
mappeal flood depths as the static flooding does not account for volume continuity or
presence/absence of buildings.

CKS YF22NJ FaadzvLliazy Ay (GKS DL{ YILLAY3 LINROSRdN
the land area below extreme séavels as inunated. Stormtide peaksonlylast for 3 hours close to

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

areas, particularly if storride flow rates are restricted by a narrow connection to the seg.,

drainage channels, culverts. The extreme lew&l flood area maps therefore do not fully capture the

dynamic and timevariant processes that occur during a coastalm event, but rather are indicative

of areas of coastal flooding from static degels, or residual risk behind coastal defences such as stop
banksand gravel barriers

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

levels where wave processes are less significant, or topographyaisafid low lying This is
RSY2yaiGN}r SR o0& GKS O2YLI NYGAQDS Tt 22 RAgER-1BEGSYy (4
and. Figure2-12. The bathtub models show that more flooding (depth and extent) is indicated when

the dynamics of the flooding processd.,variable depth velocity,duration) are not included. This is

illustrated inFigure2-12 where the bathtub model overestimates flooding north of the main river

feature where the opography is relativel§lat. 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.g., populations, buildings, roadstc., More detailed dynamic
modelling will produce more accurate flood scenario maps which may be required in areas with
potentially high population and/or asset exposured., WK 2 (i § biavheieCcompound flooding
hazards (riverine + coastal) are major contributors to flooding hazards (as modelled for
Westport/Orowaiti in thisstudy ¢ Section2.7).
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Figure2-11: Example omparison of dynamic model of flooding (blue) with bathtub model (refy Tauranga
The scenario modelled was a 1% AEP stigm+ 1.25 m SLRn this case the duration of high séavelsis
insufficient to spread floodwater to the full extent predicted by the bathtub mo8elurce: Reeve et al. 2019.

Legend
coastine
coastal-storm inundation

Figure2-12: Example omparison of dynamic model of coastal flooding (left) with bathtubadel (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 inundatiomn and around theOrowaiti, this study reisesthe calibratedhydrodynamic
modelinitially developedfor simulatingfluvialflood inundationfrom the Buller River and the Orowaiti.
Hydrodynamic modslrequiremoreinformationthan just themaximum ESL toredict the inundaion.
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2.7.1 Hydrodynamics model forcing

ESL alues provided imable2-3 for the 1% AEP stontide and wavesetup represents the maximum
water level reached ahe coastFor use in a hydrodynamics model, these values have to be converted
in a realistidime-varyingforcingthat includes the general shape of the rising and falling tide as well
as high frequency sea level variation (infragravity waves) causeyy sets.

Themodel forcingwas calculated by generating pure tidal signal with a single high tideaching
MHWS7Figure2-13). The datunwasthen corrected to match the hydrodynamics model datum (LVD
for the Orowaiti model but the final simulated maximum water level are converted to NZVBtbém
surge (calculateds difference between storm tide and tide lewsBsthen added as a shift of the tide
so that storm surge MHWS7%ide peakmatches the expected storm tide valuéihe wave setupias
then added as madditional shift so that the maximurmGSlmatches the vluesin Table2-3. With the
training wall extending beyond the surf zone, the forcing for the Buller river moogis it include
wave setup.

Infragravty waveqoften the leading cause of overwash ditawbd protection overtoppinjwereadded
in the forcing by generating a timeseries of ldnmgund waves at the boundaries bbth the Buller
River Mouthand theopencoast of the modelThe longbound waveswvere generated usingKBeach
modelboundary generatofRoelvink et al. 2009gxtracted and added into thESlevel boundaries
for the main area offshore forcing and Buller River moigire2-14) .

—— Astronomical tide

m MSL

T T T T

00 03 06 09 12 15
01

Figure2-13: Design astronomical tide fothe 1% AEP coastal storm for Westport .
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—— Open coast forcing
—— Buller River mouth forcing
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Figure2-14: Forcing for the 1% AEP coastal stornf.or the open coast the forcing includes stetighe, wave
setup and infragravity waves. For the Buller River mouth, the forcing only includes-tierend infragravity
waves(i.e.,no wave setup)

2.7.2 EXTC Fehi validation

In order to verify the validity fothe hydrodynamics model, the modelastested by simulating the
inundation caused bgxTC Fehi.

Theforcing of the modefor exTC Fehi wagnerated using theamemethodology above but this time
using astronomic tide level (NIWA tide facaster), time-varying predicted stormsurge NIWA
Forecast andwave setupcalculated frompredicted offshore wave condition (ecoonnect)(Figure
2-15). Infragravity wavesalculated fronthe offshore wave condition as aboweasalso added to EXTC
Fehi stormtide+ wave setupwith thewave energypeakingduring low tide(Figure2-16).

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



4 1 1 1 1 | 1 1 1 1 | 1 1 | 1 1

—— Storm-tide + wave setup
——— Storm-tide
—— Astrnomical tide
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Figure2-15: Construction of open coast forcing for exTC FehBtorm tide was extracted directly from eco
connect. Wave setup was calculated from wave paransstgtracted from ececonnect.
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Figure2-16. Open coast forcing for exTC Fehi includinfragravity waves (1G).
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The simulated inundation extent for exTC Fehi is remarkably similar tetloeded inundatiorextent
(surveyedflood debrismarksand witness accountqFigure2-17). 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

Figure2-17: Validation of coastal inundation model for exTC FehBlue dos show the location of surveyed
flood debris marksthe red polygon area represestthe inundation extent and flow directiombserved by
witnesses blue shading represents simulated floodingm the hydrodynamic model

2.8 Summary otoastal inundation sectiolimitations
The methodological limitations arise within this work from:

A The generalised wave setup analysis (Se@i8tB).

A Underpinning land elevation models (especially SRTM, refer Seclich

A the uncertainties of the bathtub mapping methodology not including dynamic processes
and overland flow dissipation (refer Secti2ré.1).
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A The timing of future SLR trendwhich depend on global efforts to mitigate carbon
emissions (refer Sectidh4.2).

Given the potential uncertainties aboyvenapping future SLR scenarios in 0.2 imcrementsis
appropriate.
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This section describes the methodology for evaluating the coastal erosion hazard Zorastal
erosion has been recorded at all th€HAsand somecoastal protection measures have beput in
placeto mitigate the hazard. Erosion hazard is the result of comptexlinearinteraction between
20SIyYy FT2NODAY3A 06 ¢ | sedBreEsupply, Re®spart adide Nddeflying deolagy and
geomorphology Thus, predicting geomorphological changelighly uncertain. While some model
can predict geomorphologicahangeswvith reasonable skilthey rely on a comprehensive knowledge
of bathymetry, sediment sizand sedimentoadthat is unfortunatelyunavailable formost/all of the
West Coast regianHowever, analysis of historical imagery can provide a measure of the trend in
shoreline position that is a usefeinpiricalproxy for longterm morphological changes that is location
specificand accounts focoastal geomorphologgnd coastal climatgwind, waves, sediment supply
etcX UThese historical trenderere combinedwith the theoretical response of shorelis¢o predicted
acceleration irSLRand the potential sudden retreat due &orms,to produceusefulerosionhazard
Zones.

3.1 Erosionzonngmethodology

The coastal erosion hazard zeneere 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 calcthateoastal hazard zone widtkd.(1)) was
adapted from Gibb (1982).

@ PV )

Where® is acoastalhazarderosionzone width (or distance from a reference shorelirie)s a

rate of changeincluding historical rate and accelerated futuB&R"Yis the time span for the hazard
zone planning period (5@nd 100 years in thisstudy), andi is a fctor to account for sho#t
term/suddenshoreline change due to storm erosion cycles. The forrhak beenappliedat 20m
intervals along the shoreline of each pClb#sed on local estimates of the r and s terms (see sections
3.2and 3.3. The actual hazard zone is set back by width @ from the most recent shoreline
position, which serves as a reference line.

A hybridprobabilistic approach was used to manage uncertainty in taadi terms in Equation 4.1.

With a conventional probabilistic approach, bothand i in Equatim 4.1 are represented by
probabilistic distributions and (using what is termed a Monte Carlo approach) 10,000 realisations of
W are made by drawing values bfandi at random from their respective distributions. The
resulting distribution of ealisations €.g.,Figure3-1) shows what the range in projected hazard zone
width is, which width is most likely, and what the risk is that erosioriccentend 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 lity 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 followfoihateinning
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 perlenline might be used. However, in a township (with
highervalued assets), then only a small risk of those assets being eroded could be tolerated and so a
95th percentile line might best be used.

A

Probability
Maximum

95" percentile
Minimum
Present shoreline

- L | ; | L B —
90 80 70 60 50 40 30 20 10 0 -10

Landward distance from present shoreline [m]

Figure3-1: Example of probabilistic coastal hazard zone prediction.The vertical blue bars show the
histogram of 10,000 realisations of the width made by drawing values ofandi at random from their
respective distributionsThe black barsepresent statistical measures of the distribution. Source: Bosserelle et
al. (2019).

Theapproachapplied for this studys & G S NI S BNRPOK sasNdifler§ kot & conventional
probabilistic approach in two way8osserelle et al. 2019). Firgthile 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 allérms. 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 fajlan extremevalue type of distribution

is likely better suited but requires data on past extreme storm cut /slope faitule fitted andthat

was not available. Second, in the ideal caiee procedures for determining thieandi terms in
Equation lare 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-le@@lrise in the term can be calculated from
FT2NBaAaK2NBE &af 2L dzaAy3d (GKS a. NHRINY NINPSEAZ yI YORO ANIKSS
assessed from repeated surveys of beach profiles. However, for other shore morphodogigedky

cliffs, perched baches) for which neither the response to desel rise or the magnitude of shore
erosion events are well formulated, the distributions associated withi andi terms need to be
estimated based on expert knowledge and approximation. Significant gifdhe 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 will that is notexplicitlycaptured 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 zonehwfiolt each shore morphology type
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3.1.1 Manual revievicorrection

All the coastal erosion hazard zomwesre manually reviewed to account for geomorphological features
and underlying geology that the hybrid probabilistic approach cannot take into accourgx&mple,
when the probabilistic hazard widtbextendsfrom a sandy beach system to a bedrock feature, the
coastal erosion hazard zomeas manually corrected tdhe limit of the beach system. The manual
redraw also helpd making transition between morphology so that adjacent hazard zones are
consistent. Another correctiowas applied when the hazard zone stophort of a significant
geomorphological featuree(g.,the zonewasin a coastal wetlandr across an old channel) that may
be reactivated during an extreme event, in such situation the hazard zeassxtended to cover the
geomorphological feature.

3.2 Rae of shoreline changes$ term)

The shoreline rate of changeascalculated according to equatidf). It is composed of the historical
ratei and a term to account for erosion due to an acceleration of BDR (

TR )

Following the probabilistic agggoach each of the term of equation above is associat#h a statistical
distribution sampled accordingly in the Monte Caattwalysis

3.2.1 Identify historical trends in shoreline movemeits term)

Identifying historical shoreline trend in a consistentrmar across all the priority area involves the
georeferencing 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 significarlgyre3-2). The detection of shorelines,

for a range of dates, are necessary for shoreline trend anabgjsKigure3-3)

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 detecgeddgetation

line versus toes of duneYhese errors are important to quantify as they are used in the trend

analysis and uncertainty estimatioe.§.,Figure3-4). This uncertainty (confide interval) can then

be accounted for in the probabilistic shoreline prediction.
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Figure3-2: Georeferenced aerial image of Rapahoe in 1939 and the 2020 vegetation line (red liNete
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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Figure3-3: Overview of detectedshorelines for key parts of the priority areasThe shoreline data has been
provided along with this report for details. key areas are a) Rapahoe, b) Hector, ¢) Okuru settelment, d) Orowaiti
lagoon, e) Granity, f) Ngakawau, g) Punakaiki Beach, h) &kindHklage..
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Figure3-4: Example ofshoreline movementrend analysis. Red dots represent shoreline position relative

to an arbitrary onshore position. the error bar attached to the dots indicates ¢heulated errors in
georeferencing and digitisation. the black line is the most likely trend and the shading represents the 95th
percentile confidence. The red ling the trend averaged across neighbouring transect iaditates the trend
applied to the nost recent shoreline.

3.2.2 Erosion due to the acceleration of SLR (

Erosion due to the acceleration of SLR (ascalculated according to the geomorphology attached

to a particular transect following a Bruun type approachonly accounts for the é&ct of the
acceleration of sedevel rise. That is because the historical contribution of SLR is already included in
the historical termsFor shoreline geomorpohology dominated by reefs, bedraoek ¢onsolidated
geology) or heavily armoured coastabtection, this termwasset equal to zeroi.,no additional
erosion due to accelerated sea level rigg. 33. For sandy beachesmdmixed sand and gravel
(MSGheactes(beaches withgravel barriers above sandy beaches), a Bruun rule is applied (Eq. 3b):

T A
DQ 0 .
—N\ \ 5 3
o0 05 | ) 3)

Sand/ beachesand mixed sand andgravel beacles

Conceptually, SLR is expectediccelerateshoreline retreafor slow shoreline accretiorgs
sedimentsupplythe submerged beacho fill the space made available B¢R. This is a broad
definition of the Bruun rule.
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While this concept is simplification of a dynamic and complex natusgstem it provides a first
order assessment of the potential exacerbation of shoreline retreat due to SLR.

The Bruun rule is summarised in €8bwhere 0 (s the offshore distance to the depth of closure
(offshore boundary where waves affect sediment redistributjénjis the distance of the dune/barrier
crest to the backshore toéQ(Js the depth of closure, an®dis the elevation of the backshare is

the future rate of SLR and is the hisorical rate of SLR While "Ocwand 0 ccxan easily be
calculated/estimated from Lidar data, the depth of closure is more complicated to calculate. The depth
of closureO'Qwas calculated using Hallermeier (19&quation but with the parameter deriveddim
Birkemeier (1985). The offshore distande Rwas calculated assuming a Dean beach equilibrium
profile with a Dean profil® value (Eq(4)) normdly distributedcentredon 0.1 +£0.03.

®w 0w (4)

3.3 Rollover Shortterm/sudden retrea) i term)

Sudden retreat of shoreline due to storms needs to be accounted when creating coastal erosion hazard
zones. In Mixedsandgravel beaches and in gravel bargethe shortterm retreatis observed as a

rapid rollover of the gravel part of the beach and washoger of material (sediment, driftwood,
wrack) iro the backshore Evidence of tbse procesgshave been observedn-site during fieldvisit
(Figure4-4, Figure4-6, Figure4-20, Figure4-21, Figure4-24, Figure4-25, Figure4-26, Figure4-32,
Figure4-37) with rolloverdistances in excess 80 m inland observedn exposed coashes but little

roll over observed inside lagoghniver mouths.

Because this process can occur aty time from significant/extreme stormsthis process is
approximatedn Eq(1) by adding anormally distributed buffer to the prediction of shoreline migration.
Values used for different geomorphologies are presented able3-1.

Table3-1:  Rollover values for different geomorphologies .

Geomorphology type Mean value Standard deviation
Opencoast beach/gravel barrier 30.0 10.0

lightt medium armoured

shoreline

Reef protected beaches, heavi 15.0 10.0

armoured shoreline

Sheltered beach and lagoon 5.0 1.0
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The scope of this project was to assesastal hazard zones farspecific subset of pCHA provided by

WCRC and defined in the CHA repd&l{le4-1). Thissectioncontains a brief descriptioof some the
hazard zone mappingnd field observations. The full results of hazard mapping is presented in

companionGIS layers

The CHA report (Measuresd Rouse2022) includes a brief review of literature relevant to the CHAs
andLINA 2 NA GA&aSa GKS | NBI &
hazard, with low, medium and high priority assigned.
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Here we add to the CHA report literature along with additional notes and observations from the 2021

field visit (see Sectioh.3). Each CHA is qualitatively assessed for implications for the inundation and

erosion hazard assessments and include®meuendations €.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
(Table4-1). The two CHAs have been renamed and extended within the GIS shapefifgfeaalix

A) as supplied to WCRC.

Table4-1:  Priority Coastal Hazard Areas for this studySee Measures and Rous®?22) for further details

on other coastal hazard areas.

CHA Location Priority Status in
2022 2022
CHA3 Hector, Ngakawau and Granity High Existing
CHAA Orowaiti Lagoon Low New
CHA12 Punakaiki Village (Pororari Beach) High Existing
CHAL3 Punakaiki River Beach Medium Existing
CHA16 Rapahoe High Existing
Okuru to Waiatotdrenamed)
CHA25 Medium Extended 2021
Haast Beach to Waiatoto
Neils Beach (renamed)
CHA 26 Neils Beach to Jackson Bay Medium Extended 2021
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4.1 CHA 3: Hector, Ngakawau and Granity

CHAS3 extends from 3.5 m north of Hector to the mouth of the Orowaiti Lagoontheasutlet of
Deadmans CreelFigure4-1).

The CHA shoreline is theglof the Buller and Westport coastal plain which lies between the sea and
the foot of mountain ranges which rise to the Denniston and Stockton plateausH@D elevation).

The coastal plain is narrow (80 m) north of Hector but widens to about 3 knmen&aMestport.
Multiple rivers and creeks drain the coastal ranges and discharge to the sea via river mouth lagoons
and wetlands, the largeStbeing the Ngakawau River (~1974ratchment), Waimangaroa River (50

km?) and Whareatea (38 kinalong withseveral smaller creeks and agricultural drainage channels.
The coastal plain is generally uplifted higher in the south (appr@&mdelevation) compared to the

north where it is effectively at present day sea level.

The coastal fringe of the plain has ttiple stranded beach ridges which area all aligned approximately
shoreparallel from when they were formeelg.,at Jones Creek near Cains Road. Many of the swampy
depressions between beach ridges the have been transformed into drainage channels foatenad
pasture areas and creeks. The ridges generally are low beach ridges;2ntyabove 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 anty Gitimiand 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
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Figure4-1: CHA3 extents. Annotations indicate locations mentioned in text or photographs.

4.1.1 Erosion

The shoreline in CHA3 is experiencing long term erosion combined withrabditim term (-20year
time frame) cycles of accretion and erosion. Erosion is caogedave 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 fom rivers.

Longterm shoreline retreat is evident for most of the coast northwest from Cape Foulwind and beyond
CHAS. This entire coastline is readjusting to two major-teng 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 gedbijjice scalsrepeated earthquakes will
cyclically deposit sands and gravels to build out the shorelin20ZL we are at the end of the
~300400year earthquake cycle hence beach material supplies from the rivers are reduced

compared to the 1800s when the West Coast areas were surveyed and devielagdte coast
was flushed with beach material.

2.The 0 years of readjustment to a new equilibrium shoreline position following the major
shoreline change when the Buller River training walls were constructed and extended.
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The training wallsrap sediment either side of the mouth of the Buller Riged estrict the flow

of sediment reaching CHAS3 resulting in eroslarthe 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 Deadm@&neek area in the late 1800s and early 1900s (see
further the maps irFigure4-10 as part of CHA4 analysis Sectb.]).

Most areas of the CHA 3 shoreline show sifreoastal retreatd.g.,Figured-2). The retreat is evident

in erosion and undermining of the coastal terrace plain which is causing forests asthgdatmbe

lost (Figure4-3). Erosion and wave overwashing over the low dunes and berm is evident with sandy
overwash deposits found in the adjacent pladks Figure4-4). Erosion is creeping closer to private
properties along the Granitifector shoreline except for where rock revetments and seawalls attempt
to hold back the sea{gure4-5 and Figure4-6).

Presentday shoreline variability is greatest netlire mouths of the Ngakawau and Waimangaroa
Rivers. Erosion rates in this CHA are sensitive to changes in sediment supply from the southwest (for
example: sedevel rise resulting in buitdp of beaches and storage of sediment west of the Buller
River trainng walls). Any management practices which affect sediment delivery or movement along
the shore within this CHA€., groynes, beach mining or seawalls) have potential to impact on erosion
rates/patterns.

At various properties in Hector, Ngakawau andutdy, sea walls or bunds have been constructed.
These are highly variable in design and condition. Whilst somewhat effective attinjighoreline
retreatand 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 mouthspigrmouring has been
used to prevent mouth migration and bank erosion.

Figure4-2:  Shoreline retreat at southern end of CHA 3 (Beach Road) showing 3 m erosion scarp at end with
adjacent vegetation loss.Date: 138.2021. [Credit: M Allis (NIWA)].
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Figure4-3:  Erosion with 23 m scarp to the north of Beach Road towards the Whareatea River in CHAEI|

trees in distance are located on the north bank of the Whareatea River mouth. Da8202&1 [Credit: MAllis
(NIWA)]

Figure4-4: Wave overwashing through dune erosion and blowouts at Collins Rderwashing deposits
(sands and gravels) deposited 30 m inland from beach face. Da8203L [Credit: M. Allis (NIWA)].
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Figure4-5: Granity School revetment adjacent to rolling back vegetated gravel barrieBate: 138.2021
[Credit: M Allis (NIWA)].

Figure4-6: Erosion north of Granity School revetment with drain infilled, berm eroded and vegetation
rolling back towards private propertyDate: 138.2021 [Credit: M Allis (NIWA)].
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4.1.2 Flooding

The lowlying coastal lad 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 ettopical cyclone Fehi (Feb 2018, hereaftefTéx Fhi). Flooding risk will
increase with sedevel rise.

4.1.3 CHA Analysis

Both erosion and inundation will impact the CHA3 shoreline over the comingel®i8. Suitable aerial
and satellite imagerwasavailable to provide accurate shoreline detection for 1943, 1950, 1988, 2007,
2011, 2015, 2018. For some part of the CHA, cadiasharts from 1878vasused in the erosion
analysis.The Bruurype approachwas applied for the area fronted with gravel barrier (north of
Birchfield and north of HectorNo impact of acceleration of SLR is assumwédre private coastal
defence structues are expected to be maintained at their current location (Granity school, structures
near Ngakawau and structures near Hectdn) these areashe effective erosion rate are partially
obscured by the installation of the structurddowever, the hazardone stillincludesan erosion rate

that crudely accounts for failure of the coastal protection.

CHAS showaconsistent 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 partGiige
near Beach Rdvhere erosion rateexceed 2.0 m/yearHigure4-7).

In Granity, the resulting erosion hazard zone basedi@hyearoutlookextends70¢ 90 m inlandfrom

the present shorelineig., 20 ¢ 30 mbeyondthe inundation hazard zone for present sea level). In
Ngakawau and Hector the erosion hazard zoneaf@00-year outlook is similar to thenundation
hazard zone for present day sea level.

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



| G T
15 -10 -05 00 05 10 15
shoreline changes [m/year]
5390000 -
>
S 5385000 -
z
5380000

1490000 1495000 1500000 1505000
Easting [m]

Figure4-7:  Hector to Orowaiti shoreline changes trendsWhite means no change; red is erosion and green
is accretion.

Inundation assessment shathe low-lying land adjoining various river/creek mouths and lagoons and
swampy depressions will be subject to increased flogdiith sealevel rise. Future rainstorms will
also cause increased localised flooding from drains and creeks backing up with sea level rise.

Coastal inundation from the 1%AE®rm-tide + wavesetup at present sea level affects properties
only near GranityNgakawau and Hector. In these areas, ghedictedinundation extends ujio 80m
inland in Ngakawau and ranges &60m inland in GranityHigure4-8).
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Figure4-8: 1% AEP storatide+wave setup for present sea level in Granity Hector and Ngakawdlue
shadingshows areas at risk of indation.

It should be notedhat the multiple river/lagoon/beach systent&n experience complarteractions
between hazards. The interaction w¥er and coastal flooihg anderosion are not covered in the
static inundation assessment.
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4.2 CHA 4: Orowaiti Lagn

This CHA covers the Orowaiti Lagoon and the coastline affected by the Orowaiti River mouth processes
(Figure4-9). The northern limit of this CHAtlse same as the southern limit of CHA3.
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Figure4-9: CHA4 extents.

4.2.1 Historic shoreline changes

The Westport area has a long history of shoreline change resulting from effoctantrol the Buller

River and maintain a safe navigable channel to Westport. To achieve this, théiéineaur Board
constructed large river training walls in the late 1800s which were extended several times in response
to land accreting around the rivaind the channel becoming unnavigable. The latest extensions were
in the 1970s (Allis, 2015).

The presentday Orowaiti lagoon is separated from the sea by the-800 m wide sand spit (named
North Beach or Kawatiri Beadkrigure4-9) whichhas 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 1868-1880s shoreline, before efforts to control the Buller River began, wasglow seecliff
approximately 200 m out to sea from the presatdy southern bank of the Orowaiti Lagodfigure
4-10) andeastwards beyond Deadmans Creek outlet.

West of Beatons Creek the 1860 coastline continued along the presgntagoon shore, passing a
low island (present day Snodgrass Road) and crossed the former miotte 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 arxeensive river mouth and intertidal bar system with islanes
Martins Island), shinglepits, sanebanks and river overflow channels (of which the Orowaiti River is
one). All the land north of Bright Street was created by sediment accumulating lagtw the river
training walls, this accumulation slowly built up the fresting sandbars and sand banks however it
remains generally low lying with some low dunes and swampy areas.
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