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Executive summary 
An assessment of the coastal storm surge inundation hazard was completed for Greater Wellington 

Regional Council in 2012. However, at the time, LiDAR data were provided only for ǇŀǊǘǎ ƻŦ ǘƘŜ YņǇƛǘƛ 

Coast (Peka Peka to Te Horo). This study completes the coastal storm inundation hazards maps by 

including areas missing in the 2012 study using the 2013 LiDAR Digital Elevation Model. For more 

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

and Peka Peka please refer to the 2012 study. 

While the storm-tide and wave setup calculations presented in the 2012 report are still relevant, the 

method and model used to map the combined storm-tide and wave setup inundation have been 

superseded by newer methods. In this study we use the process-based model XBGPU, which 

explicitly simulates wave and storm-tide contributions to inundation by simulating wave radiation 

stresses, wave forcing on currents and infragravity waves. 

The results presented show inundation depth simulated for four design storms events as calculated 

in the 2012 study for 1% Annual Exceedance Probability. The mean sea levels of the design storms 

have been adjusted to present sea level (an increase of 0.05 m since 2012). The inundation extents 

presented in this study cover an area not included in previous coastal inundation studies (Peka Peka 

to Te Horo). Although all scenarios were designed as having 1% AEP considering wave height and 

storm-tide, the inundation extent is the largest for the 13-09-1976 design storm. The differences 

between the 13-09-1976 design storm and the other design storms are due to different relative 

contributions of the waves and storm-tide. The inundation extents predicted for the 13-09-1976 

scenarios are recommended for informing the YņǇƛǘƛ Coast district planning requirements. 

The area covered in this study also overlaps with the area of Otaki, which was included in the 

previous 2012 inundation study, allowing a comparison between the two studies. While the methods 

for assessing inundation differ, the inundation extents are similar. The main difference can be 

attributed to higher model resolution, a better consideration of processes driving inundation 

(infragravity waves) and a better consideration of stop-banks on the Otaki River in the present study. 

Results from this study should therefore supersede results from the 2012 study for Otaki and Te 

Horo.
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1 LƴǘǊƻŘǳŎǘƛƻƴ 
An assessment of the coastal storm surge inundation hazard was completed for Greater Wellington 

Regional Council in 2012 (Lane et al. 2012). However, at the time, no topographic data were available 

for parts of the Kņpiti Coast, so the coastal inundation mapping was not completed there. A 2013 

LiDAR survey has since captured the entire Greater Wellington region. Greater Wellington Regional 

Council and YņǇƛǘƛ Coast District Council require inundation maps for the area missing in the 2012 

study to allow further coastal planning.  

This study uses information form the 2012 study (Lane et al. 2012) to complete the coastal storm 

surge inundation hazards maps for the area missing in the 2012 study using the 2013 LiDAR Digital 

Elevation Model (DEM). For more information about the storm designs and for inundation 

assessment for outside of Otaki, Te Horo and Peka Peka please refer to Lane et al. (2012).
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2 aŜǘƘƻŘǎ 
The scope of the study is to produce inundation maps for the part of the YņǇƛǘƛ Coast between Otaki 

Beach and Peka Peka (Figure 2-1) using the same reference storms used in Lane et al. (2012). While 

the storm-tide and wave setup calculation presented in the 2012 report are still relevant (refer to 

Lane et al. 2012 for additional details), the method and model used to map the combined storm-tide 

and wave setup inundation have been superseded by newer methods that consider the full two-

dimensional wave setup and include the contribution of infragravity waves at the coast. In this study, 

we use the process-based model XBGPU which is a variant of XBeach (Roelvink et al. 2009) optimised 

to run on graphics cards for improved computational speeds. The model explicitly includes wave and 

storm-tide contributions to inundation calculated on the full two-dimensional grid.  

 

Figure 2-1: Study area on the YņǇƛǘƛ Coast. The green lines represent the main 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 transformations in the nearshore 

and the interaction between waves currents and water levels in the surf zone. The simulation of surf-

zone dynamics is important for inundation simulation because it takes into account infragravity wave 

generation, propagation and dissipation. In the previous study of Lane et al. (2012), this was 

approximated using the formulation of Stockdon et al. (2006) assuming a uniform beach 

configuration based on representative beach cross-sections. In this study, individual wave groups and 
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infragravity waves are resolved on a two-dimensional topographic grid at 10 m resolution accounting 

for variation in beach slope cross-shore and alongshore. 

In the previous study, storm-tide inundation was modelled hydraulically but wave setup was then 

included using a bathtub type approach. In XBGPU the combined inundation including both the 

storm-tide and the wave setup is part of the hydrodynamics model and is solved explicitly.  

2.2 Datum and present mean sea level  

In this study, the vertical datum considered is Wellington Vertical Datum 1953 (WVD53). To account 

for changes in mean sea level (MSL) from the 2012 study, the mean elevation of sea level between 

нлмм ŀƴŘ нлму ƛǎ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ vǳŜŜƴΩǎ ²harf (QW) tide gauge data (Figure 2-2). 

Tide gauge zeros for QW tide gauge is Chart Datum (CD) which is located 0.915 m below WVD53 

(Stephens 2015). Co-seismic and post-seismic vertical displacement following Kaikoura earthquake in 

2016 has affected relative sea level on the YņǇƛǘƛ Coast and the elevation of benchmarks used to 

relate QW datum to WVD53. The vertical displacements of the benchmark relative to WVD53 (~0.015 

m) are not taken into consideration here because they are unlikely to have significantly affected the 

YņǇƛǘƛ Coast (Hamling 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 0.196 m above WVD53 (Lane et al. 2012). For the period 

of 2012 to 2018 the MSL was 0.250 m above WVD53, 0.054 m higher than in the previous study. 

 

Figure 2-2: QueenΩǎ Wharf water level data. Horizontal lines and values are the mean sea level. The 2005 ς 
2011 value was used in Lane et al. (2012) and the 2012τ2018 is used here. 

2.3 Bathymetry topography 

The bathymetry for the simulation was first constructed on the NZTM2000 horizontal coordinate 

system by interpolating the 10 m filtered LiDAR point cloud and bathymetry chart soundings and 

contours to form a gap-less 10 m DEM of the area. 

The constructed DEM was then rotated 25° anti-clockwise so the model left-hand boundary faces 

offshore (a model requirement). The grid extent was limited to approximately 2 km offshore and 2 

km inland (Figure 2-3). To avoid any confusion, the model grid and results are presented in the 

NZTM2000 horizontal coordinate system (i.e. rotated back to NZTM2000). 
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Figure 2-3: Model domain topography/bathymetry. Note: the model domain has been rotated back to 
NZTM2000 coordinate system. 

2.3.1 Otaki River channel bathymetry and topography 

In addition to the 2013 LiDAR survey, GWRC provided a topographic cross-section survey of the Otaki 

River. These two surveys are consistent overall, but the locations and elevations of gravel banks and 

channels are slightly different (likely because the surveys occurred at different dates) (Figure 2-4). 

Such difference is expected and highlights the dynamic nature of the river morphology. This has little 

impact on the inundation simulation since the survey is restricted to the river channel. While the 

Otaki River cross-section survey data is likely better quality than the 2013 LiDAR data, to use it in the 
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model would require artificially reconstructing the river morphology from the cross-sections to 

produce a consistent DEM. The 2013 LiDAR dataset, unmodified, is already suitable to describe the 

topography/bathymetry of the Otaki River so the Otaki River cross-shore survey was not used. 

 

Figure 2-4: Comparison of elevations from 2013 LiDAR and Otaki River surveys.  

2.3.2 Otaki River stop-banks 

Filtering of the LiDAR topography from 1 m to 10 m, as well as gaps in the LiDAR data, can lead to an 

artificial lowering/raising of flood-control features that are not fully resolved (e.g., stop-banks, sea 

walls, drains). This is particularly evident for features with a width similar or smaller than 10 m (e.g., 

Figure 2-5A). To correct for this effect, the stop-banks of North Bank, South Bank and South Waitohu 

Bank were adjusted to heights based on digitised crests of stop-banks or to elevations detected from 

the LiDAR 1 m DEM (Figure 2-5B).  
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Figure 2-5: Corrections of stop-bank heights. A: 10 m filtered LiDAR topography showing artificial gaps in the 
North Bank and South Bank stop-banks (circled). B: Topography including corrected stop-bank height used in 
the model. 

This correction is likely to significantly improve the model accuracy by better accounting for the role 

of the stop-banks. In simulations including future sea-level rise, the heights of stop-banks were not 

increased, assuming that the stop-banks would be maintained but not raised. 

2.4 Model setup and forcing 

The scenarios selected to simulate the coastal inundation were originally designed in the previous 

study (Lane et al. 2012). The 16 selected scenarios represent four design storms that, after adjusting 

the storm-tide level correspond to a 1% joint (wave height and storm-tide) Annual Exceedance 

Probability. Each of the four design storms were simulated at present MSL, MSL + 0.5 m, MSL + 1.0 m 

and MSL + 1.5 m giving the sixteen scenarios. 

The model was forced along the offshore boundary with storm-tide (Table 2-1) and wave spectral 

information (Table 2-2). 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 propagate inland. Therefore, the calculation of wave setup presented in Lane et al. (2012) 

was not used in the simulation. Note 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 since that time (see section 2.2) 

The sea level elevation on the boundary is raised from MSL to the computed storm-tide level over 

the first 30 minutes of simulation and then kept constant for the rest of the simulation (2.5 hours). 

The averaged wave spectra remained constant for the entire duration (3 hours) of the simulation 

assuming a JONSWAP spectral shape (Table 2-2). Although the wave spectral forcing is constant the 

model accounts for wave groups and associated long-bound waves. Wave groups and long-bound 

waves are automatically calculated at the model boundary at the start of the 3 hours simulation. 
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Table 2-1: Storm-tide levels used in the 16 scenarios. Note that storm-tides presented in Lane et al. (2012) 
are adjusted to present MSL. 

Storm 
reference date 

Storm-tide as 
used in Lane et 

al. (2012) 

Adjusted to 
2012τ2018 

MSL (+0.05 m) 

+0.5 m SLR +1.0 m SLR +1.5 m SLR 

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 

Table 2-2: Wave spectral parameters used to reconstruct wave spectra at the model boundary. Note that 
the model generated wave groups and long-bound waves automatically based on a 2D JONSWAP spectrum. 

Storm 
reference date 

Hs [m] 

Significant 
wave height 

Tp [s] 

Peak wave 
period 

Dp [º]  

Peak wave 
direction 

Gamma 

Spectral 
peakedness 

Directional 
spread  

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 

 

XBGPU consists of a wave model and a hydrodynamics model that interact at every computational 

step. Each model has parametrisations to account for processes not explicitly simulated or that occur 

at a smaller scale than the model resolves (e.g., wave breaking, turbulence). These simulations use 

standard model parameters (see Table 2-3) based on studies of dissipative beaches in East Coast US 

and Northern Europe that are similar to many YņǇƛǘƛ beaches (Deltares 2019). However, it is unclear 

whether these parameters are valid for the mixed gravel and sand beaches present near Otaki. 

Table 2-3: XBGPU model parameters. More detail about the parameters can be found in the XBeach 
manual available at https://xbeach.readthedocs.io/. 

Parameter name (XBeach name in manual) Description Value 

Drying height (ʁ) Minimum water depth for water to flow 0.01 m 

Current friction (cf) Quadratic bottom friction parameter (uniform) 0.01 

CFL CFL limiter for calculating time step 0.6 

Smagorinsky coefficient Coefficient for Smagorinsky formulation of eddy 
viscosity  

0.3 
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Parameter name (XBeach name in manual) Description Value 

Minimum wave direction (̒ min) Minimum wave direction relative to the model X 
axis positive clockwise 

-60° 

Maximum wave direction (̒max) Maximum wave direction relative to the model X 
axis positive clockwise 

60° 

Directional bin width in wave model (d )̒  Direction bin width in wave model 20° 

Wave friction (fw) Wave bottom dissipation 0.001 

Wave breaking dissipation (Ὣὥάάὥ) Breaker parameter 0.4 

n parameter in Roelvink wave dissipation Breaker shape factor 8 

Wave roller dissipation (ὦὩὸὥ)  Breaker slope coefficient in roller model 0.15 

2.5 Limitation and caveats 

Inherent uncertainties associated with the inundation modelling stem from the accuracy of the 

bathymetry, the resolution of the grid used, the model input, the numerical equations and the solver 

used for 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 available LiDAR DEM data for the land 

topography and navigation chart data for near-shore bathymetry. The bathymetry data is not as 

recent and is far coarser than the land topography and does not resolve small bathymetry features 

and morphological features that may be present (e.g., underwater outcrops, sand-banks). In 

addition, beach morphology changes rapidly during storms. These morphological changes are not 

taken into account in this study, but they are likely to influence the inundation depth and extent. 

The model assumes a spatially constant bottom roughness identical for land and sea. The value 

selected is likely accurate for the beach sand found in the YņǇƛǘƛ Coast but is an underestimate for 

areas covered with tall grass, dense vegetation or where buildings are present. As a result, this 

uncertainty will tend to lead to an over-estimate of inundation. 

In this study infragravity waves and their contribution to the water level at coast are explicitly 

modelled. However, the generation propagation and dissipation of infragravity waves is dependent 

on other processes (wave dissipation, wave breaking, bottom roughness, etc) that are parametrised 

(e.g., Daly et al. 2012). Parameter values selected for the model (Table 2-3) have been used and 

validated in other locations with similar coastal morphology but have not been specifically verified 

ŦƻǊ ǘƘŜ YņǇƛǘƛ /ƻŀǎǘΦ  

The study area covers several streams and the Otaki River. In the simulations, no flow was assumed 

in the rivers. Coastal storms are also associated with intense rainfall and river flooding, but the 

combined effect of river flood and coastal storms requires specific analysis beyond the scope of this 

study. Therefore, river flow contribution and rain ponding are not considered here. 

The study simulates inundation from coastal storms with future sea-level scenarios. In these 

scenarios the topography and bathymetry were not adjusted. However, it is likely that the 

morphology of beach profiles and coastal dunes will naturally adjust to sea-level rise (by retreating 
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and/or rising). This long-term morphological adjustment of coastal geomorphologies as well as 

upgrades to stop-banks is not taken into account in this study. 

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

parameters, an approach known as ensemble prediction or sensitivity analysis. Such an approach 

ǇǊƻǾƛŘŜǎ ŀƴ ŜƴǾŜƭƻǇŜ ƻŦ ǇǊŜŘƛŎǘŜŘ ǎƻƭǳǘƛƻƴǎΣ ǊŀǘƘŜǊ ǘƘŀƴ ǎƛƴƎƭŜ ǎŎŜƴŀǊƛƻ-ǘȅǇŜέ ǇǊŜŘƛŎtions. 

However, running many simulations increases the computational costs, and, in any event, running 

ensembles would not quantify all of the uncertainties because our knowledge of all the processes 

involved in surf-zone dynamics and inundation remains incomplete. 

The inundation modelling is based on design storms corresponding to a storm-tide ς wave joint 

probability of 1% AEP. This probability reflects the likelihood of the conditions offshore but not the 

likelihood of the inundation depths simulated here occurring. In addition, there are uncertainties in 

the choice of AEP scenarios, some of these are discussed in Stephens et al. (2012). Part of the 

uncertainty is tackled by using four 1% AEP design storms with different forcing (waves and storm 

tide) allowing us to identify the worst type of coastal inundation event with a 1% AEP for Otaki ς 

Peka Peka coast.



 

16 /ƻŀǎǘŀƭ {ǘƻǊƳ {ǳǊƎŜ LƴǳƴŘŀǘƛƻƴ aŀǇǎ ŦƻǊ ǘƘŜ YņǇƛǘƛ /ƻast 

 

3 wŜǎǳƭǘǎ 
Sixteen scenarios based on four design storms and four baseline sea levels were used to evaluate the 

coastal inundation hazard on part of the YņǇƛǘƛ Coast between Peka Peka and the Regional Council 

boundary North of Otaki.  

To keep the report succinct, the inundation of the worst design storm is showed here. Inundation 

maps for all the scenarios are provided in Appendix A and B and as GIS layers.  

3.1 Present sea level inundation scenario 

Inundation occurs in all four design storms at present sea level (Table 3-1). Inundation depth and 

extent is much larger in the scenario based on the 13-09-1976 design storm because the waves are 

much larger and with longer periods than in the other scenarios. 

Table 3-1: Inundated area and maximum inland flow depth for present sea level scenarios.  

Design storm at present sea level Maximum inundation depth [m] 
(i.e., relative to ground level) 

Area inundated [km2] 

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 all the present sea level scenarios, inundation is mostly restricted to the upper shoreface but also 

propagates inland from four main entry points along the coast: 

Á Otaki River mouth 

Á Waitohu Stream mouth 

Á Mangaone Stream mouth 

Á Te Kowhai estuary 

The stop-banks on the Otaki River are not overtopped in any of the present sea level scenarios. For 

the 13-09-1976 design storm, inundation is significant for part of Otaki Beach along the Waitohu 

Stream affecting the northern end of Moana St and Mahoe St. On the Southern side of Otaki Beach, 

waves overtopping the dunes reaches part of Marine Parade and Atkinson avenue (Figure 3-1). At Te 

Horo Beach inundation occurs on both sides of Mangaone Stream and affects Sea Rd and Rodney Ave 

(Figure 3-2). Inundation maps for Scenarios 16-11-1980, 06-09-1994 and 07-11-1994 are presented in 

Appendix A. 
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Figure 3-1: Inundation depth and extent in Otaki area for 13-09-1976 design storm at present day MSL.  
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Figure 3-2: Inundation depth and extent in Peka Peka, Te Horo area for 13-09-1976 design storm at 
present day MSL.  
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3.2 Future sea level scenario 

As expected, the inundated area increases in scenarios with higher baseline sea levels (Table 3-2). As 

with the present sea level scenario, the most extensive inundation occurs for scenario 13-09-1976. In 

this section, only the results of design storm 13-09-1976 with sea level 0.5 m, 1.0 m and 1.5 m above 

present are presented. Other scenarios are presented in Appendix A and in GIS files provided 

separately. 

 

Table 3-2: Inundation area for all design storms and sea-level rise scenarios.  

Design storm Area inundated at 
MSL [km2] 

Area inundated 
at MSL+0.5 m 

[km2] 

Area inundated at 
MSL+1.0 m [km2] 

Area inundated at 
MSL+1.5 m [km2] 

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 1.84 1.90 2.40 4.02 

07-11-1994 2.01 2.11 2.64 4.30 

 

3.2.1 0.5 m sea-level rise scenario for the 13-09-1976 design storm  

Between Otaki Beach and Otaki River, the dunes are overtopped inundating the low-lying area in the 

lee of the stop-banks and the North Bank of the Otaki River is overtopped allowing water to reach 

Rangiuru Rd. The low-lying areas adjacent to the Waitohu stream are inundated further (Figure 3-3) 

At Te Horo Beach the inundation affects a significant part of the settlement but extends further 

inland following the low-lying area near Mangaone Stream and along Te Horo Beach Rd as far inland 

as Pukenamu Rd. On 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 Estuary (Figure 

3-6) 

3.2.2 1.0 m sea-level rise scenario for the 13-09-1976 design storm 

The North Bank of the Otaki River is overtopped, and water inundates the low-lying area in the lee of 

the stop-bank as far as Tasman Rd. Water in the Waitohu Stream starts to inundate significant part of 

Moana St (Figure 3-4).  

Significant inundation affects Te Horo and 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. In 

Peka Peka the shore dunes start to be overtopped (Figure 3-7). 

3.2.3 1.5 m sea-level rise scenario for the 13-09-1976 design storm 

Otaki Beach is surrounded with inundation with the water flowing from the overtopped North Bank 

and Waitohu Stream meeting near Tasman Rd. Water flowing through Waitohu Stream inundates the 

area surrounding Moana St (Figure 3-5).  
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The coastal barrier north of Te Horo is consistently overtopped, significantly inundating 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 barrier (Figure 3-8). 

3.2.4 Otaki Area 

 

Figure 3-3: Inundation depth and extent in Otaki area for 13-09-1976 design storm with a sea-level rise of 
0.5 m. 
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Figure 3-4: Inundation depth and extent in Otaki area for 13-09-1976 design storm with a sea-level rise of 
1.0 m. 
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Figure 3-5: Inundation depth and extent in Otaki area for 13-09-1976 design storm with a sea-level rise of 
1.5m.  
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3.2.5 Peka Peka and Te Horo area 

 

 

Figure 3-6: Inundation depth and extent in Peka Peka and Te Horo area for 13-09-1976 design storm with a 
sea-level rise of 0.5 m. 
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Figure 3-7: Inundation depth and extent in Peka Peka and Te Horo area for 13-09-1976 design storm with a 
sea-level rise of 1.0 m.  
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Figure 3-8: Inundation depth and extent in Peka Peka and Te Horo area for 13-09-1976 design storm with a 
sea-level rise of 1.5 m.  
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4 5ƛǎŎǳǎǎƛƻƴ 
The largest inundation extent systematically occurs for the 13-09-1976 design storm which has the 

largest waves. The result presented above show inundation simulated for this design storm at four 

sea levels (present, +0.5 m +1.0 m and +1.5 m).  

The study area overlaps with the previous coastal inundation study (Lane et al. 2012) allowing 

comparison of the two methods.  

4.1 Comparison with 2012 study for Otaki area 

There are two main differences between the 2012 study and the present study. 

Á Wave setup calculation 

Á Inundation propagation 

The present study uses the XBGPU model to simulate surf-zone dynamics and inundation on the full 

two-dimensional domain in a tightly coupled wave/hydrodynamics model. Whereas in Lane et al. 

(2012) the storm-tide inundation was modelled hydrodynamically, but the wave setup contribution 

was calculated following Stockdon et al. (2006) and applied on top of the storm-tide using a bathtub 

method then removing areas that were not hydraulically connected to the sea using a de-puddling 

algorithm. 

4.1.1 Wave setup estimation 

Wave setup estimates in the 2012 study were calculated based on the Stockdon et al. (2006) 

formulation using a representative slope for select beach profiles. The XBGPU wave model explicitly 

simulates the processes that cause wave setup (primarily, wave radiation stresses, wave forcing on 

currents and infragravity waves). Hence wave setup is not a direct output of the XBGPU model. 

Instead, the wave setup in the model was calculated by averaging the instantaneous water levels for 

the last hour of simulation and removing the input storm-tide. Estimation of wave setup using the 

Stockdon formula and XBGPU averaged water levels give similar value (Table 4-1). In the previous 

study the wave setup was added to the storm-tide to calculate inundation but could not account for 

long waves (i.e., infragravity waves) that could potentially overtop seawalls/stop-banks and dunes. 

These long waves are simulated and accounted for in the XBGPU formulation leading to more 

accurate inundation estimates. 
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Table 4-1: Comparison between 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 storm-tide was removed and the largest value at the Otaki 
River Mouth, Otaki Beach and Te Horo were extracted. the largest and smallest values are presented below. 

Design storm at mean sea level Wave setup calculated in Lane et 
al. (2012) Figure 3-2 

[m] 

Wave setup in this study 
calculated as additional averaged 

water level above storm-tide 

[m] 

13-09-1976 0.63τ0.90  0.92τ1.02 

16-01-1980 0.65τ0.89 0.71τ0.80 

06-09-1994 0.36τ0.41 0.24τ0.35 

07-11-1994 0.49τ0.60 0.61τ0.79 

4.1.2 Inundation process 

While the previous study used a more approximate estimate of the contribution of wave setup to the 

inundation extent, the two approaches give generally similar inundation extents in most areas, but 

the XBGPU model shows significant differences south of Otaki River where dunes are overtopped by 

infragravity waves and around the Otaki River where it better incorporates the effects of stop-banks 

(Figure 4-1). In addition, the higher grid resolution of this study (10 m) (~20 m was used in Lane et al. 

2012) provides significant benefits. Most significantly, the higher resolution and the stop-bank height 

correction on the Otaki River show that the coastal inundation would be held back by the stop-banks 

for present day simulations, although overtopping by individual waves is possible. 
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Figure 4-1: Comparison of inundation extent between Lane et al (2012) (red shading) and this study 
(transparent blue shading). This comparison was made for the 06-09-1994 design storm at present sea level. 
Present sea level in this study is 0.05 m above Lane et al. (2012) present sea level.
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5 /ƻƴŎƭǳǎƛƻƴǎ 
The result presented in Section 3 shows inundation depth simulated for the worst case of four design 

storms as calculated by Lane et al. (2012) for 1% AEP events adjusted to present sea level. The 

inundation extents presented in this study include an area not covered in previous coastal inundation 

studies (Peka Peka to Te Horo). Although all scenarios were designed as having 1% AEP considering 

wave height and storm-tide levels at the coast, the inundation extent is the largest for the 13-09-

1976 design storm. Scenarios of inundation using this design storm should be preferred for inform 

the YņǇƛǘƛ Coast district planning requirements. Other scenarios can, however, be used to understand 

the possible variation of inundation due to different 1% AEP joint wave-storm-tide scenarios. 

The area covered in this study also overlaps with areas of Otaki, allowing a comparison between the 

previous inundation 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 stop-banks on the Otaki River in the present study. Results from this study should 

therefore supersede results from Lane et al. (2012).
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6 !ŎƪƴƻǿƭŜŘƎŜƳŜƴǘǎ 
All the illustrations in this report have been made using Generic Mapping Tools (Wessel et al. 2013).  
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7 DƭƻǎǎŀǊȅ ƻŦ ŀōōǊŜǾƛŀǘƛƻƴǎ ŀƴŘ ǘŜǊƳǎ 

Annual exceedance 

probability (AEP) 

The probability of a given (usually high) sea level being equalled or exceeded in 

elevation, in any given calendar year. AEP can be specified as a fraction (e.g., 

0.01) or a percentage (e.g., 1%).  

Infragravity waves Free long period waves (period of 30 s to several minutes) generated in the surf 

zone as wave group (sets) break and release and amplify long-bound waves. 

Long-bound waves Long waves associated with wave groups. Offshore the Long-bound waves do 

not carry energy and only exist as the mean water surface under a wave group. 

As wave group shoal and break the bound wave s are released as infragravity 

waves. 

Storm-tide Storm-tide is defined as the sea level peak resulting from a combination of 

MLOS + tide + storm surge. (In New Zealand this generally occurs at high tide) 

Wave setup The increase in mean still-water sea level at the coast, resulting from the 

release of wave energy in the surf zone as waves break.  
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Appendix A Inundation maps for all scenarios 

2-09-1976 design storm 
 

Present MSL 

 

Figure A-1: Inundation depth and extent in Otaki area for 13-09-1976 design storm at present day MSL.  
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Figure A-2: Inundation depth and extent in Te Horo area for 13-09-1976 design storm at present day MSL. 
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MSL + 0.5m 

 

Figure A-3: Inundation depth and extent in Otaki area for 13-09-1976 design storm at MSL+0.5 m.  
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Figure A-4: Inundation depth and extent in Te Horo area for 13-09-1976 design storm at MSL+0.5 m.  
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MSL +1.0m 

 

Figure A-5: Inundation depth and extent in Otaki area for 13-09-1976 design storm at MSL+1.0 m. 
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Figure A-6: Inundation depth and extent in Te Horo area for 13-09-1976 design storm at MSL+1.0 m.  
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Figure A-7: Inundation depth and extent in Otaki area for 13-09-1976 design storm at MSL+1.5 m. 
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Figure A-8: Inundation depth and extent in Te Horo area for 13-09-1976 design storm at MSL+1.5 m.  
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Figure A-9: Inundation depth and extent in Otaki area for 16-01-1980 design storm at present day MSL. 
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Figure A-10: Inundation depth and extent in Te Horo area for 16-01-1980 design storm at present day MSL.  
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Figure A-11: Inundation depth and extent in Otaki area for 16-01-1980 design storm at MSL +0.5 m. 
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Figure A-12: Inundation depth and extent in Te Horo area for 16-01-1980 design storm at MSL+0.5 m.  
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Figure A-13: Inundation depth and extent in Otaki area for 16-01-1980 design storm at MSL +1.0 m.  
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Figure A-14: Inundation depth and extent in Te Horo area for 16-01-1980 design storm at MSL+1.0 m.  
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Figure A-15: Inundation depth and extent in Otaki area for 16-01-1980 design storm at MSL +1.5 m.  
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Figure A-16: Inundation depth and extent in Te Horo area for 16-01-1980 design storm at MSL+1.5 m.  
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Figure A-17: Inundation depth and extent in Otaki area for 6-09-1994 design storm at present day MSL. 
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Figure A-18: Inundation depth and extent in Te Horo area for 6-09-1994 design storm at present day MSL.  






























