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Executive summary
An assessment of the coastal stosargeinundation hazard was completed for Greater Wellington

Regional Council in 2012. However, at the tili®ARlata were provided only follJ- Nlida 2F GKS Y
Coast(Peka Peka to Te HQrd his study completes the coastal storm inundation hazards rogaps
includingareas missing in the 2012 study using the 2013 LiDAR Digital Elevation Wodehore

information about the storm designs and for inundation assessmenttitside of Otaki, Te Horo

and Peka Peka please referth@ 2012 study.

While the stormtide and wave setup calculatispresented in the 2012 report are still relevant, the
method and model used to map the combined stetice and wave setup inundatidmave been
superseded by newer methodm this studywe use the procesbased model XBGRWhich

explicitly simulates wave arstorm-tide contributions to inundationby simulatingvave radiation
stresses, wave forcing on currents and infragravity waves

Theresults presented show inundation depth simulated four designstorms eventsas calculated

in the 2012 study for 1% Annual Exceedance Probabilitg mean sea lexssbf the designstorms

have beeradjusted to present sea levedr{increase of 0.051 since 2012. The inundation extents
presented in this study cover an area matludedin previous coastal inundation studies (Peka Peka
to Te Horo). Although all scenarios were designeldaaingl% AEP considering wave height and
storm-tide, the inundatia extent is the largest for th#3-09-1976designstorm. The differences
between the 1309-1976designstormand the otherdesignstormsare due to different relative
contributions of the waves and stortide. The inundationextents predicted for thet3-09-1976
scenarisare recommended foinformingthe Y n L@oastdistrict planning requirements.

The area covered in this study also overlaps with area of Otakiwhich was included in the
previous 2012 inundation stugsgillowing a comparison between th@o studies While the methods
for assessing inundation differ, the inundation exteate similar. The main difference can be
attributed to highermodelresolution, a better consideration of processes driving inundation
(infragravity wavesand a better consideration of stepanks on the Otaki River in the present study.
Results from this study should therefore supersede results tt@R2012 studyfor Otaki and Te

Horo.
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An assessment of the coastal stosargeinundation hazard was completed for Greater Wellington
Regional Council in 201Rane et al. 2012Howeverat the time,no topograplic data were available
for parts of the Kpiti Coastso the coastal inundation mapping was not completed ther2023
LiDAR survelyas since capturethe entire Greater Wellington region. Greater Wellington Regional
Council and¥ n L@odstDistrict Council require inundation maps for the area missirtgeiaa12
study to allow further coastal planning.

This studyuses information form th012 studyLane et al. 2012p complete thecoastal storm
surgeinundation hazards maps for the area missing in the 2012 study using the_IDAR Digital
Elevation Model (DEMIror more information about the storm desigiand for inundation
assessment for outside of Otaki, Te Horo and Peka plekae refer to Lane et al. (2012).
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The scope of the study is produce inundation maps fdhe part of theY n L@Todstbetween Otaki
BeachandPeka PekaHjgure2-1) using thesamereferencestorms used in Lane et al. (2012). While

the stormtide and wavesetup calculation presented in the 2012 report are still releV(asfier to

Lane et al. 2012 for additional detajlfie method and model used to map the combined steide

and wave setup inundatiohave been superseded by newer methods tbansider thefull two-
dimensional wave setup and inclutlee contribution of infragravity waves at the coast.ifis study

we use the procesbased model XBGPU which is a variant of XBeach (Roelvink et al. 2009) optimised
to run on graphics cards for improved comatibnal speeds. The model explicitly includes wave and
storm-tide contributions to inundationcalculated on the full twalimensional grid

| Area missing in 2012 study
5490000 -
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| ! : I ! ] 4 |
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Easting [m]

Figure2-1: Study areaon the Y n L@oéskThe green linesepresent themain roads and the grey area is the
area missing in the study of Lane et al. (2012).

2.1 Process resolved

Using XBGPU allows the simulation to explicitly account for wave transformatitire nearshore
and the interaction between wavesirrents andvater levels in the surf zon& he simulation of swf
zone dynamics is important for inundation simulation because it takes into acaoduagravity wave
generation,propagation and dissipatiomn the previous study of Lane et £012), this was
approXmated using thdormulation of Stockdoret al. (2006)assuming a uniform beach
configurationbased on representative beach cresections In this studyindividual wave groupand
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infragravity waves are resolvaxh a twodimensional topographic griat 10 m resolution accounting
for variation in beach slope crostiore and alongshore.

In the previous studystorm-tide inundation was modelled hydraulically but wave setup tines
includedusing a bathtub type approacin XBGPlthe combinedinundationincluding both the
storm-tide and the wave setujs part of the hydrodynamics model aiglsolved explicitly.

2.2 Datum and present ean sea level

In this study, the vertical datum consideredfigllington Vertical Datum 1953(VD53. Toaccount
for changes imeansealevel (MSLjrom the 2012 study, theneanelevation of sea level between
HamMm FYR Hamy A& OF f Odaari(@vHtike gatgd datBRigare2-2)ii KS v dzSSy Q4

Tide gauge zeros for QW tide gauge is Chart Datum (CD) which is located 0.915 m below WVD53
(Stephen2015. Ceseismicand postseismic vertical displacement following Kaikoura earthquake in
2016 has affectedelative sea level on th¥ n L@oastndthe elevation of benchmarks used to

relate QW datum to WVBB. Theverticaldisplacement®f the benchmarkelativeto WVD53~0.015

m) are not taken into consideration hetgecausehey areunlikely to havesignificantlyaffected the

Y n L@oastHamling et al. 2017 For additional information about the recent changes in relative sea
level in Wellington region please refer to Bell et al. (2018)

For the period of 2005 to 2011 the MSL was 0.4e#boveWVD53Lane et al. 2012)or the period
of 2012 to 2018 the MSL was 0.280above WVD53, 0.@5n higher than in the previous study.
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Figure2-2. QueerQWharf water level data.Horizontal lines ath values are the mean sea level. AO95¢
2011value wasused in Lane et al. (2012hdthe 2012 2018 is usethere.

2.3 Bathymetry topography

The bathymetnfor the simulationwasfirst constructed on the NZTM2000 horizontal coordinate
system by interpolating the 1@ filtered LIDAR point cloud and bathymettyartsoundings and
contoursto form a gapless 10m DEM of the area

The constructedEMwas then rotated 25%anti-clockwise so the moddtft-hand boundary faces
offshore(amodel requiremen)t The grid extent was limited to approximatelykth offshore and 2
km inland Figure2-3). To avoid any confusipthe model grid and results are presented in the
NZTM200 horizontal coordinate system (i.e. rotatdhck to NZTM20D).
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Figure2-3: Model domain topography/bathymetry.Note: the model domain has been rotated back to
NZTM2000 coordinate system.

2.3.1 Otaki Rivechannel bathymetry and topography

In addition to the 2013 LiDAR surv&WRC providedtopographiccrosssectionsurveyof the Otaki
Rver. These two surveyare consistentoverall but the locatiors and elevatios of gravelbanks and
channes are slightlydifferent (likelybecause the surveys occurred at different da@syure2-4).
Suchdifference is expected and highlights the dynamagure of the river morphology. This has little
impact on the inundation simulation since the survey is restricted to the river chawfele the

Otaki Rivecrosssectionsurvey data ifikely better qualty than the2013LIDAR datap use it in the
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modelwould require artificially reconstructing the river morphology from ttiesssectionsto
produce a consistent DEMh&2013LiDAR datasetinmodified is already suitable describe the
topography/battymetry of the Otaki Riveso the Otaki Rivesrossshoresurvey was not used

20 | L L L P L e A | L ek A |

LiDAR [m WVD53]

LI B [N R 72 [ T R T A
0 5 10 15 20

Otaki River Profiles [m WVD53]

Figure2-4: Comparison of elevations from 2013 LiDAR and Otaki River surveys.

2.3.2 Otaki River stofbanks

Filtering of the LiDARpographyfrom 1 m to 10m, as well as gaps in theDARJata,can lead to an
artificial lowering/raising oflood-control featuresthat are not fully resolvede.g, stop-banks, sea
walls, drains)This is particularly evident for features withwvath similar orsmaller than 10n (e.g,
Figure2-5A). Tocorrect for this effect, thestop-banksof NorthBank SouthBankand SouthWaitohu
Bankwere adjustedto heightsbased ordigitised crest of stop-banksor to elevationsdetected from
the LIDAR in DEM Figure2-5B).
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Figure2-5. Correctionsof stop-bankheights A: 10m filtered LIDAR topography showiagificial gaps in the
North Bank and SoutBankstop-banks(circled. B: Topographyincluding correctedstop-bankheightused in
the model.

Thiscorrectionis likely to significatly improve the model accuracy Imgtter accountng forthe role
of the stop-banks. In simulatiosincluding future sedevel rise, theneights of stop-banks werenot
increasel, assuming that the stojpanks would be maintained but not raised.

2.4 Model setupand forcing

The scenarigselected to simulate the coastal inundation wengginally desigadin the previous
study(Lane et al2012) Thel6selected scenarioepresentfour designstormsthat, after adjusting
the stormtide level correspond to &%joint (wave height and storaide) AnnualExceedance
Probability Eachof the fourdesignstormswere simulated at present MSL, M$I0.5m, MSL+1.0m
and MSIL+ 1.5m giving the sixteen scenarios

The modelwvasforced along the offshore boundawith storm-tide (Table2-1) and wave spectral
information (Table2-2). The water level at the coast resulting from the interaction between storm
tide, wave setup and infragravity waves is automatically calculated by the model which also lets the
inundation propa@ate inland.Therefore the calculation of wave setup presented in Lane et2012)

was not used in the simulatioMote that present MSL was set 0.054 m higher than in the study by
Lane et al. (2012) to account for the increase in sea level sinceittiaisee sectiol.2)

The sedevel elevation on the boundary is raised from MSL to the computaanstide level over
the first 30minutesof simulation andhen kept constant for theestof the simulation(2.5 hours).
The averaged ave spectraemainedconstant for the entire duratio3 hours) of the simulation
assuming a JONSWAP spectral sh@pblé2-2). Although the wavapectralforcing is constant the
model accounts for wave groups and associateddoognd waves. Wave groups and lebgund
waves are automatically calculated at the modeuhdary at the start of the 3durssimulation.
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Table2-1:  Stormide levelsused in the 16 scenario®lote that stormtides presented in Lane et al. (2012)
are adjusted to present MSL.

Storm Sorm-tide as Adjusted to +0.5m SLR +1.0m SLR +1.5m SLR
reference date used in Lane et 2012t 2018
al. (2012 MSL(+0.05m)

13-09-1976 1.63 1.68 2.18 2.68 3.18
16-11-1980 1.71 1.76 2.26 2.76 3.26
06-09-1994 1.96 2.01 2.51 3.01 3.51
07-11-1994 1.56 1.61 2.11 2.61 3.11

Table2-2:  Wave spectral parameters used to reconstruct wave spectra at the model bounddoge that
the model generated wave groups and ldogund waves automatically based on a 2D JONSWAP spectrum.

Storm Hs[m] Tp[s] Dp[9 Gamma Directional
reference date  gjgnificant Peak wave Peak wave Spectral spread
wave height period direction peakedness
13-09-1976 6.3 13.8 294 3.3 800.0
16-11-1980 4.8 15.1 294 3.3 800.0
06-09-1994 2.3 9.5 294 3.3 800.0
07-11-1994 5.6 10.4 294 3.3 800.0

XBGPUonsistof a wave model and a hydrodynamics model that interact at every computational
step. Each model has parametrisatido account for processes not explicitly simulatedimat occur
at a smaller scale than the modelsolvede.g, wave breaking, turbulenceThese simulations use
standard nodel parametergseeTable2-3) based orstudies of dissipative beacheis EasiCoastJS
and Northern Européhat aresimilar tomanyY n Lbka&HegDeltares 2019 Howeverit is unclear
whether these parameters are valid for theixedgravel and sand beaches present near Otaki.

Table2-3: XBGPU model parameterbore detail about the parameters can be found in the XBeach
manual available at https://xbeach.readthedocs.io/

Parameter name XBeach name in manupl Description Value
Drying height¥) Minimum waterdepth for water to flow 0.01m
Current friction (cf) Quadratic bottom friction parameter (uniform)  0.01
CFL CFL limiter for calculating time step 0.6
Smagorinsky coefficient Coefficientfor Smagorinsky formulation of eddy 0.3

viscosity
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Parameter name XBeach name in manupl Description Value

Minimum wavedirection ( min) Minimum wave direction relative to the model X -60°
axispositive clockwise

Maximum wave direction’ (na) Maximum wave direction relative to the model X 60°
axispositive clockwise

Directional bin width in wave modédl ) Direction binwidth in wave model 20°
Wave friction (f) Wave bottom dissipation 0.001
Wave breaking dissipatiorf a &) Breaker parameter 0.4

n parameter in Roelvink wave dissipation  Breaker shape factor 8
Wave roller dissipatior{ Qp & Breaker slopeoefficient in roller model 0.15

2.5 Limitation and caveats

Inherent uncertainties associated with tireundationmodelling stem from the&ccuracy of the
bathymetty, theresolution of the grid used, themodel input the numerical equations and the solver
usedfor the modelling. These uncertainties are described in more detail below.

The quality of the topographic data and the bathymetric data in inshore waters strongly influences
the simulation of inundation. For this modelling, we used availaiDARDEM daa for the land
topography andhavigation chart data fonearshore bathymetry The bathymetry data is not as

recent andisfar coarser than théandtopography andloes not resolve small bathymetry features
and morphological featurthat may be presente.g., underwater outcrops, santlanks) In

addition, beach morphology changespidlyduring stormsThese morphological changes aret

taken into account in thistudy,but they arelikely to influence the inundation depth arektent

The model assumesspatially constant bottom roughnesddenticalfor land and sealhe value
selected is likely accurate for the beach sand found intthe L@ba$tut is an underestimate for
areas covered withtall grassdense vegetatiomr where buildings are presentsAaresult, this
uncertainty will tend to lead to an overstimate of inundation

In this study infragravity waves and their contribution to the water level at camestxplicitly
modelled. However, the generation propagation and dissipation of infratyrawdves iglependent
on other processes (wave dissipation, wave breaking, bottom rougha&gshat are parametrised
(e.g, Daly et al. 2012)Parametewnaluesselected for the modelTable2-3) have been usednd
validatedin other locatiors with similar coastainorphology buthavenot beenspecificallywerified
F2NJ GKS YnLWAGA [/ 21ado

The study area covers several streams and the Otaki River. In the simulatiflosy m@s assumed

in the rivers. Coastal storms are also associated with intense rainfall and river flpodlinige

combined effect of river flood and coastal storms requires specific analysis beyond the scope of this
study. Thereforeriver flow contribdion and rain pondingre not considerecdhere.

The study simulates inundatioroim coastal storrs with future sealevel scenarios. In these
scenarios théopographyand bathymetry were not adjusted. However, it is likely that the
morphology of beach proék and coastal dunes wilaturallyadjust to sedevel rise (by retreating
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and/or rising). Thitong-term morphological adjustmerdf coastal geomorphologiess well as
upgradedo stop-banksis not taken into accounin this study

Model uncertainty came quantified by running multiple simulations with small variations in key

parameters, an approach known as ensemble prediction or sensitivity analysis. Such an approach
LINEGARSE |y Sy@St2LIS 2F LINBRAGIUSRSAONBRRFE S NI
However, running many simulations increases the computational costs, and, in anyreveing

ensemblesvould not quantify all of theincertairties because our knowledge of all the processes

involved insurfzone dynamicand inundation remains somplete.

The inundation modelling is based dasignstorms corresponding to a stortide ¢ wave joint
probability of 1% AEP. This probability refidbie likeihood ofthe conditions offshore but not the
likelihood of the inundation depths simulated hereoccurring In addition, here areuncertaintiesin
the choice of AEP scenarios, some of these are discussed in Stephens et alP@20b2jhe
uncertainty is tackled by using four 1% AEP design storms with different f¢nwznvgs and storm
tide) allowing us to identify the worst type of coastal inundation event with a 1% AEP forcOtaki
Peka Peka coast
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3 wSadzZ U a
Sixteenscenariodased on foudesignstormsand four baseline sea levelgere used to evaluate the

coastal inundéion hazard on part of thé n L@odstbetween Peka Peka and fRegionalCouncil
boundary North of Otaki.

Tokeep the report succinct, the inundation of the wodssignstorm is showed here. Inundation
maps for all thescenariosare provided in Appendi Aand Band as GIS layers.

3.1 Present sea level inundation scenario

Inundationoccurs inall four designstormsat present sea levélrable3-1). Inundation depth and
extent is much larger ithe scenariodbased on thel 3-09-1976designstorm because the waves are
much largerand with longer period¢han in the other scenarios.

Table3-1:  Inundated area and maximum inland flowepth for present sea level scenarios.

Designstorm at present sea level ~Maximum inundation depth[m] Area inundatedlkm?
(i.e., relative to ground level)

13-09-1976 3.25 2.69
16-11-1980 3.34 2.46
06-09-1994 2.38 1.84
07-11-1994 2.72 2.01

In allthe present sea level scenaganundationis mostly restricted to the upper shorefabet also
propagates inland frorfour main entry poinsalong the coast:

A Otaki River mouth

A Waitohu Stream mouth

A Mangaone Stream mouth
A Te Kowhai estuary

The stopbanks orthe Otaki River are not overtopped in aofythe present sea level scenasid-or

the 1309-1976designstorm, inundation is significant for part of Otdiéach along the Waitohu
Streamaffectingthe northern end of Moana St and Mahoe St. On the Southern side of Beakh,
wavesovertopping the duneseaches part of Marine Parade and Atkinson avefiigure3-1). At Te
Horo Beactinundation occur®n both sides of Mangaone Streaand affecs Sea Rd and Rodney Ave
(Figure3-2). Inundation maps for Scenagd6-11-1980, 0609-1994and 0711-1994 are presenteth
AppendixA.
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Figure3-1: Inundation depth and extent in Otaki area for :89-1976designstorm at presentday MSL
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Figure3-2: Inundation depth and extent in Peka Peka, Te Horo area for0B31976designstorm at
presentday MSL
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3.2 Future sea level scenario

As expected, the inundatearea increasem scenariosvith higherbaselinesea leved (Table3-2). As
with the present sedevel scenario,te most extensive inundation occuie scenariol3-09-1976.In
this section, only the results diesignstorm 13-09-1976 with sea leved.5m, 1.0m and1.5m above
present are presented. Other scenarios are presentetpipendixA and in GIS files provided
separately

Table3-2:  Inundation area for aldesignstorms and sedevel risescenarios.

Designstorm Area inundated at  Area inundated Areainundated at Area inundated at
MSL [knd] at MSL+0.5n MSL+1.0m [km?] MSL+1.5m [km?
[km?]
13-09-1976 2.69 3.28 4.90 7.97
16-11-1980 2.46 2.82 4.25 7.23
06-09-1994 184 1.90 2.40 4.02
07-11-1994 2.01 211 2.64 4.30

3.2.1 0.5 m sedevel rise scenario for the 133-1976 design storm

Between Otaki Beach and Otaki River, the dunes are overtopped inundating tighgvarea in the
lee of the stopbanks and the North Bank of the Otaki River is overtopped allowing water to reach
Rangiuru Rd. THew-lyingareas adjacent to the Waitohurstam are inundated furthem{igure3-3)

At Te Horo Beach the inundati@ifects a significant part of the settlement but extends further
inlandfollowing the low-lying aea near Mangaone Stream and along Te Horo Beach Rd as far inland
as Pukenamu R@n the North of Te Horo, the dunes are overtopped and inundation affects Sims Rd.
In Peka Peka the inundation is restricted to the stream/drain upstream of Te Kowhai EEigang (

3-6)

3.2.2 1.0 m sedevel rise scenario for the ¥33-1976 design storm

The North Bank of the Otaki River is overtopped, and water inuisdagelow-lying area in thede of
the stopbank as far as Tasman Rd. Water in the Waitohu Stream starts to inundate significant part of
Moana S{Figure3-4).

Significant inundatiomaffectsTe Horaand in particular Rodney Ave and Dixie St. The shores between
Te Horo and the Otaki River are consistently overtopped inundating large part of the backshore
Peka Peka the shore dunes start to be overtoppgeaduyre3-7).

3.2.3 1.5 m sedevel rise scenario for the ¥33-1976 design storm

Otaki Beach is surrounded with inundation with the water flowing from the overtopped North Bank
andWaitohu Streanmeeting near Tasman Rd/ater flowing through Waitohu Stream inundatihe
area surrounding Moana Stigure3-5).
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The coastal barrier north of Te Hasxonsistently overtoppedsignificantlyinundating the
backshore. Area near Rodney Ave and Dixie St are particularly affected. Dunes are overtopped
between Te Horo and Peka Peka inundation remains close to the coastal (faigiee3-8).

3.2.4 Otaki Area
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5484000 -
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Figure3-3: Inundation depth and extent in Otaki area for :39-1976designstorm with a sealevel rise of
0.5m.
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Figure3-4: Inundation depth and extent in Otaki area for :39-1976designstorm with a sealevel rise of
1.0m.
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Figure3-5: Inundation depth and extent in Otaki area for 189-1976designstorm with a sealevel rise of
1.5m.
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3.2.5 Peka Peka and Te Horo area
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Figure3-6: Inundation depth and extent in Peka Peka and Te Horo area fo093976designstorm with a
sealevel rise of 0.5m.
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Figure3-7: Inundationdepth and extent in Peka Peka and Terdarea for 1309-1976designstorm with a
sealevel rise of 1.0m.
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The largest inundation extent systematically occurs for th®33976designstorm which has the

largest wavesThe result presentedboveshow inundation simulated fahis designstorm at four
sea leved (present,+0.5m +1.0m and +1.5n).

The study area overlaps with the previous coastal inundation stualye( et al. 202)2allowing
comparison of the two methods.

4.1 CGomparison with 2012 studfor Otaki area
There ardwo main differences between the 2012 study and the present study

A Wave setup calculation
A Inundation propagation

The present study uses the XBGPU model to simulatezend dynamics and inundatiam the full
two-dimensional domaitin a tightly coupled wavédydrodynamics model. Whereasliane et al.
(2012)the storm-tide inundationwas modelled hydrodynamicalliput the wave setupcontribution
was calculatedfollowing Stockdoret al. (2006 andapplied on top of thestorm-tide usinga bathtub
methodthen removing areathat were not hydraulically connectetb the seausing a depuddling
algorithm.

4.1.1 Wave setup estimation

Wave setup estimatsin the 2012 study were calculated based on the Stockdon et al. (2006)
formulation using a representative slope for selbetich profiles. The XBGPU wave model explicitly
simulates the processes that cause wave sdprjpmarily, wave radiation stress, wave forcing on
currentsandinfragravity waves)Hence vave setupsgnot a direct output of the XBGPU model.
Instead the wave setup in the model was calculated by averaging the instantaneatss levels for
the last hour of simulatiomnd removinghe input stormtide. Estimation of wave setup using the
Stockdon formula and XBGPU averaged water levels give simila(Vahle4-1). In the previous
study the wave setup was added to the stotithe to calculate inundation but could not account for
long waves (i.einfragravity waves) that cdd potentially overtop seawalls/stepanks and dunes.
These long waves are simulated and accounted for in the XBGPU formulation leading to more
accurateinundation estimates.
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Table4-1:  Comparison betveen calculated wave setup from Lane et al. (2012) and simulated wave setup

in this study.Note that wave setup in not a direct output of the XBGPU model. Instead the water levels for the

last hour of simulation was averaged, the input steticle was remoed and the largest value at the Otaki

River Mouth, Otaki Beach and Te Horo were extracted. the largest and smallest values are presented below.

Designstorm at mean sea level Wave setup calculated ihane et Wave setup in thistudy
al. (2012)Figure 32 calculated as additional averagec
[m] water level above storrrtide
[m]
13-09-1976 0.63r 0.90 0.92r 1.02
16-01-1980 0.65r 0.89 0.71r 0.80
06-09-1994 0.36r 0.41 0.24t 0.35
07-11-1994 0.49r 0.60 0.61r 0.79

4.1.2 Inundation process

While the previous study usedmore approximateestimate of the contribution ofwave setup to the
inundationextent, the two approaches give generally similar inundation extents in most areas, but
the XBGPUnodel shows significant differencesuth of Otaki River where dunes are ovenep by
infragravity waves androundthe Otaki River where it better incorporates the effects of stzgnks
(Figure4-1). In addition the higher grid resolution of this study (10 (/20 m was usd in Lane et al.
2012 provides significant benefitdMost significantly, the higher resolution and the stioankheight
correctionon the Otaki River show that theastal inundation would bkeeld back by the stojpanks
for present day simulationslthoughovertopping by individual waves is possible
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Figure4-1: Comparison of inundation extent between Lane et al (2012) (red shading) and thitys
(transparent blue shading)This comparison was made for the-08-1994designstorm at present sea level.
Presentsea level in this study is 0.05 m above Lane et al. (2012) present sea level.
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The result presented in Secti@shows inundatiordepth simulated forthe worst case ofour design
stormsas calculated bizane et al. (2012pr 1% AEP evesadjusted to present sea levelhe
inundation extents presented in this stu@ycludean area not covered in previous coastal inundation
studies (Peka Peka to Te Horo). Although all scenarios were designad@gl% AEP considering
wave height angtorm-tide levels at the coasthe inundation extent is the largest for the -03-
1976designstorm. Scenarios of inundation using tidesignstorm should be preferredor inform

the Y n L@oastdistrict planning requirementSther scenarios can, howeveg bised to understand
the possible variation of inundation due to different 1% AEP joint v&wBm-tide scenarios.

The area covered in this study also overlaps with aeaOtaki, allowing a comparison between the
previous inund#on study. While the methods for assessing inundation differ, the inundation extent
are in general similar. The main difference can be attributed to higher resolution and a better
consideration of stoganks on the Otaki River in the present study. Redutim this study should
therefore supersede results froiraneet al. (2012).
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All the illustrations in this report have been made using Generic Mapping Tools (Wessel et al. 2013).
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Annual exceedance  The probability of a given (usually high) sea level being equalled or exceed
probability (AEP) elevation, in any given calendar year. AEP can be specified as a fraction (e
0.01) or a percentage (e.g., 1%).

Infragravitywaves Free bng period wavesperiod of 30s to several minutgggenerated in the surf
zone as wave group (sets) break and release and amplifyblomgd waves.

Longbound waves Long waves associated with wave groups. Offshore the-hongd waves do
not carry energy and only exist as the mean water surface under a wave gr
As wave group shoal and break the bound wave s are released as infragra’
waves.

Stormtide Stormtide is defined as the sdavel peak resulting from a combination of
MLOS + tide- storm surge. (In New Zealand this generally occurs at high tid

Wave setup The increase in mean stillater sea level at the coast, resulting from the
release of wave energy in the surf zone as waves break.
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Appendi

X A Inundation maps for all scenarios
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FigureA-1: Inundation depth and extenin Otaki area for 1309-1976designstorm at present day MSL.
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FigureA-2: Inundation depth and extent in Te Horo area for 1®-1976designstorm at present day MSL.
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MSL 40.5m
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FigureA-3: Inundation depth and extent in Otaki area for 139-1976designstorm at MSL+0.5n.
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FigureA-4: Inundation depth and extent in Te Horo area for 1®-1976designstorm at MSL+0.5n.
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FigureA-5: Inundation depth and extent irOtaki area for 1209-1976designstorm at MSL+1.0n.
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FigureA-6: Inundation depth and extent in Te Horo area for 1®-1976designstorm at MSL+1.0n.
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MSL +1.5m
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FigureA-7: Inundation depth and extent in Otaki area for 133-1976designstorm at MSL+1.5n.
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FigureA-8: Inundation depth and extent in Te Horo area for 1®-1976designstorm at MSL+1.5n.
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16-01-1980designstorm
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FigureA-9: Inundation depth and extent in Otaki area for 161-1980designstorm at present day MSL.
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FigureA-10: Inundation depth and extent in Te Horo area fa6-01-1980designstorm at present day MSL.
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MSL +0.5 m
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FigureA-11: Inundation depth and extent in Otaki area for 161-1980designstorm at MSL +0.5n.
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Figure A-12 Inundation depth and extent in Te Horo area f@6-01-1980designstorm at MSL+0.5 m.
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FigureA-13. Inundation depth and extent in Otaki area for 161-1980designstorm at MSL +1.6n.
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FigureA-14: Inundation depth and extent in Te Horo area f@6-01-1980designstorm at MSL+1.0 m.

[ 2FadGrf {G2NY {d2ZNBS LydzyRIFIGA2Y al LA F2NJ 0KS YWhLRAGA

! i



MSL +1.5m
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FigureA-15. Inundation depth and extent in Otaki area for 161-1980designstorm at MSL +1.5.
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FigureA-16: Inundation depth and extent in Te Horo area f@6-01-1980designstorm at MSL+1.5 m.
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06-09-1994designstorm
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FigureA-17: Inundation depth and extent in Otaki area for-89-1994designstorm at present day MSL.
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FigureA-18 Inundation depth and extent in Te Horo area f6r09-1994designstorm at present day MSL.
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