
  
 

 

 Porirua City Council 
Report  

July 2022 
 

 

Porirua Harbour Wi Neera Drive to Onepoto 
Coastal Resilience and Shared Pathway AEE 

Wave and Extreme Water Level and Impact Assessment 

 

 
 
 
 

 

 
 
 
 
 
 



  

 porirua harbour wi neera drive to onepoto coastal resilience and shared pathway - wave and extreme water level assessment / bjt 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This report has been prepared under the DHI Business Management System  
certified by Bureau Veritas to comply with ISO 9001 (Quality Management) 

 
 
 
 
 





  

 porirua harbour wi neera drive to onepoto coastal resilience and shared pathway - wave and extreme water level assessment / bjt 

 
 
 
 
 
 



  

 i 

 

CONTENTS 
 

1 Executive Summary .................................................................................................... 1 

2 Introduction ................................................................................................................. 2 

3 Modelling Methodology .............................................................................................. 3 
3.1 Hydrodynamic and Wave Modelling Approach .............................................................................. 3 
3.2 Hydrodynamic Model ..................................................................................................................... 3 
3.2.1 Domain and Bathymetry ................................................................................................................ 3 
3.2.2 Wind Forcing .................................................................................................................................. 7 
3.2.3 Open-ocean Boundary Condition................................................................................................. 11 
3.2.4 Freshwater Inflows ....................................................................................................................... 12 
3.2.5 Validation ..................................................................................................................................... 13 
3.2.6 Post-processing ........................................................................................................................... 14 
3.3 Spectral Wave Model ................................................................................................................... 14 
3.3.1 Domain and Bathymetry .............................................................................................................. 15 
3.3.2 Forcing ......................................................................................................................................... 16 
3.3.3 Validation ..................................................................................................................................... 16 
3.3.4 Post-processing ........................................................................................................................... 17 

4 Design Hydrodynamics and Waves Results ........................................................... 19 
4.1 Water Level .................................................................................................................................. 19 
4.2 Significant Wave Height ............................................................................................................... 21 
4.3 Maximum Wave Height ................................................................................................................ 23 
4.4 Significant Wave Height versus Peak Wave Period .................................................................... 23 
4.4.1 Existing Scenario ......................................................................................................................... 23 
4.4.2 Sea-level Rise Scenario (+0.20 m) .............................................................................................. 27 
4.4.3 Sea-level Rise Scenario (+0.45 m) .............................................................................................. 30 
4.5 Wave Roses ................................................................................................................................. 34 
4.6 Extreme Velocities during Flood Event ........................................................................................ 41 

5 Impact Assessment ................................................................................................... 44 
5.1 Effects on Currents ...................................................................................................................... 44 
5.2 Effects on Waves ......................................................................................................................... 50 

6 References ................................................................................................................. 54 
 

  



  

ii porirua harbour wi neera drive to onepoto coastal resilience and shared pathway - wave and extreme water level assessment / bjt 

 
 
 
 



   

 1 

1 Executive Summary 

Porirua City Council (PCC) are developing options for managing coastal erosion in the Onepoto 
Arm of Porirua Harbour along the shoreline from Wi Neera Drive waka ramp to Onepoto. As part 
of a coastal erosion management option, PCC would also like to provide a shared cycleway and 
pedestrian pathway. 

DHI were commissioned to develop numerical models of hydrodynamics and waves in the 
Onepoto Arm of Porirua Harbour, with a focus along the shoreline from Wi Neera Drive waka 
ramp to Onepoto.  

The use of numerical models aimed to first provide quantitative information on water levels, 
waves, overtopping and inundation, for the present day and for future climate change effects to 
be used for design purposes, and then to assess any potential impact of the proposed coastal 
structures as part of consent application, on currents and waves. Numerical modelling was 
carried out with sufficient resolution and accuracy, and considered all significant influencing 
factors. For this purpose, both long-term hindcast (10 years) and extreme wind scenarios were 
simulated as part of the above assessments. 

Predicted water levels and wave heights were successfully calibrated and validated in the 
Onepoto Arm against measurements. Statistical calculations and extreme value analyses were 
carried out on water levels and wave heights at thirteen sites located along the western Onepoto 
shoreline to estimate the long-term likelihood of the occurrence of extreme values based on the 
10-year and extreme wind scenarios model outputs. Beside the existing water level in the 
Onepoto Arm, two climate change scenarios characterised by sea-level rise of 0.20 m and 
0.45 m were also included in the numerical modelling for the design of the future coastal 
structures. 

Once the concept design stage was completed, the impact of the proposed coastal structures on 
currents and waves were assessed by including the correspondent modifications in the 
hydrodynamic and wave numerical model bathymetries and comparing the new predicted 
currents and waves against the existing environment predictions.   

The model predictions indicate that the proposed modifications are expected to have a low to 
negligible effects on the existing coastal environment. Changes in current speed should be 
constrained to the modified areas only and should not exceed 0.01 - 0.02 m/s. Differences in 
wave height are not predicted to exceed 2 cm. No measurable impact on currents and waves 
are anticipated over the sensitive seagrass areas adjacent to the proposed coastal 
modifications.  
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2 Introduction 

Porirua City Council (PCC) are developing options for managing coastal erosion in the Onepoto 
Arm of Porirua Harbour along the shoreline from Wi Neera Drive waka ramp to Onepoto. 

Two phases have been proposed: 

�x natural shoreline features and ecosystems (naturally vegetated riparian margin alone 
(Phase 1)); and  

�x a combination of restored riparian margin with in-harbour ecosystems such as beaches 
and/or saltmarsh (Phase 2).  

As part of a coastal erosion management option, PCC would also like to provide a shared 
cycleway and pedestrian pathway. The option will enhance human use and amenity value of the 
Wi Neera Drive to Onepoto shoreline and restore a natural harbour margin enhancing natural 
and ecological value. 

Tonkin and Taylor (T&T) have been commissioned by PCC to produce an advanced design 
(plan and section views) for Phases 1 and 2 of the development. DHI have been sub-contracted 
by T&T to : 

1. Provide quantitative information on water levels, waves, overtopping and inundation, for 
the present day and for future climate change effects to be used for design purposes. 
An existing coupled hydrodynamic wave model of Porirua Harbour, has been refined 
and ten year simulations undertaken for present day; 0.2 m sea level rise; and 0.45 m 
sea level rise, to provide predictions of water level and wave height within the Onepoto 
Arm. A 50 year Annual Recurrence Interval (ARI) flood event for Porirua and Kenepuru 
Streams has also been simulated, to provide velocity information for design around the 
edges of these stream. 

2. Assess any potential impact of the coastal structures proposed in T&T (2021) for 
consent on currents and waves. The previous hydrodynamic and calibrated wave 
models have been refined to provide the sufficient resolution along the western Onepoto 
shoreline for adequately representing the proposed coastal modifications into the model. 

For this study, all data is presented using the New Zealand Transverse Mercator projection 
(NZTM) and the vertical datum is Wellington Datum 1953.  
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For the simulations including the 50-year ARI flood events, the model mesh has been extended 
to cover a section of the Porirua Stream and the resolution has been increased to better capture 
the current velocities in the southern area of the Onepoto Arm (see Figure 3-4).  

For the impact assessment, the model mesh has been refined along the western Onepoto 
shoreline (Figure 3-5) to adequately represent the proposed coastal structures with a resolution 
of up to 4 m. Very localised bathymetry data located around these structures were provided by 
T&T for this stage of the work and integrated into the model bathymetry for the impact 
assessment. This data does  not cover the entire coastal area along the future pathway. This 
limitation is discussed further in this report. 

There have been more recent surveys undertaken by DML, however this did not provide the 
same coverage of intertidal areas as the 2009 survey. Also bed level changes observed for 
recent surveys are not of a magnitude that would change the behaviour of water levels or 
waves. For these reasons, the 2009 DML survey was deemed the most appropriate data source 
for the harbour.  

 

Figure 3-1 Bathymetry raw data (red dots) used to interpolate the model bathymetry in both the HD and 
SW models. 
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Figure 3-2 Hydrodynamic model grid and bathymetry over Porirua Harbour (top panel) and Onepoto 
Arm (bottom panel). The red line represents the open-ocean boundary where variations in 
water level are prescribed into the model. 
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Figure 3-3 Hydrodynamic model bathymetry and isobath contours over Porirua Harbour (top panel) and 
Onepoto Arm (bottom panel). 
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Figure 3-4 Hydrodynamic model mesh grid over southern Onepoto Arm used for the simulations with 
50-year ARI flood event. 

 

 

Figure 3-5 High-resolution hydrodynamic model mesh grid over Onepoto Arm used for the simulations 
with 100-year ARI wind event. Red polygons delimit the proposed coastal structures. 

3.2.2 Wind Forcing 

Wind speeds and directions measured every hour between 2010 and 2020 at Mana Island were 
corrected to 10 m height (above sea level) and applied to force both the hydrodynamic and the 
wave models. Even though the wind spatial variability is not captured in the modelling, the 
relative short distance between Mana Island and Onepoto Arm (~5 km) makes this approach 
more pertinent rather than using model space-varying wind fields with a lower level of accuracy. 
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Comparisons of short-term wind records at Mana Island and Pauatahanui Inlet were performed 
in SKM and DHI (2011) showing an appropriate level of agreement after scaling wind speeds to 
10 m height.  

Timeseries of 10 m wind speed and directional wind rose are shown in Figure 3-6 and Figure 
3-7, respectively. Corresponding statistics are provided in Table 3-1. 

An Extreme Value Analysis (EVA) was carried out on the entire wind timeseries, and after 
splitting the timeseries into predominant wind directions. A Peak-Over-Threshold (POT) method 
was applied based on the 99th percentile of the total distribution with a minimum period of 72 
hours between peaks to select the extreme event population. This window was chosen to 
ensure a high degree of independency between extreme events. Multiple theorical probability 
distributions were tested to fit the extreme event population. The Weibull and Log-Pearson 
probability distributions provided the best fits. Omnidirectional and directional 100-year EVA 
results are presented in Table 3-2 and Figure 3-8 to Figure 3-11. 

Table 3-1 Statistics calculated from 10 m wind speed at Mana Island between 2010 and 2020. 

Statistics 10 m wind speed (m/s) 

Mean 5.6 

Percentile 50th 5.5 

Percentile 75th 7.6 

Percentile 90th 9.4 

Percentile 95th 10.7 

Percentile 99th 13.4 

Maximum 20.3 

 

 

 

Figure 3-6 Measured 10 m wind speed at Mana Island between 2010 and 2020.  
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Figure 3-7 Wind rose extracted from 10 m wind speed and direction measured at Mana Island between 
2010 and 2020.  

 

Table 3-2 Omnidirectional and directional wind speed (m/s) at Mana Island for return periods of 1, 5, 
10, 20, 50 and 100 years 

Wind Direction 
Return periods (years) 

1 5 10 20 50 100 

Omnidirectional 18.1 20.2 21.1 21.9 23.0 23.7 

North 16.6 19.7 20.6 21.4 22.4 23.2 

East 8.1 11.7 13.2 14.8 17.2 19.3 

South 13.7 17.8 19.2 20.5 22.3 23.7 

 

 

Figure 3-8 Extreme wind speed analysis at Mana Island between 2010 and 2020. 
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Figure 3-9 Extreme northern wind speed analysis at Mana Island between 2010 and 2020. 

 

 

Figure 3-10 Extreme eastern wind speed analysis at Mana Island between 2010 and 2020. 

 

 

Figure 3-11 Extreme southern wind speed analysis at Mana Island between 2010 and 2020. 
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3.2.3 Open-ocean Boundary Condition 

Water level conditions were prescribed at the open-ocean model boundary (Figure 3-2) applying 
timeseries recorded by tide gauge at Mana Marina between 2010 and 2020. Using this dataset 
has the advantage, to include into the hydrodynamic modelling, since it includes the residual 
variations of the water level due to storm surge. To reduce the propagation of noise throughout 
the domain, the original 5-min water level record was averaged over 15-min windows and 
converted from Chart Datum to WVD-53 (0.85 m above Chart datum). Both tidal and residual 
components of the total water level variations were extracted by harmonic analysis (DHI, 2020b) 
to investigate the historical storm surge events occurred over 10 years. For the sea-level rise 
scenarios, offsets of 0.2 m and 0.45 m were added to model water depth. 

Timeseries of measured total, tidal and residual water level and elevation at Mana Marina are 
shown in Figure 3-12. Corresponding statistics are provided in Table 3-3.  

 

Table 3-3 Statistics calculated from the residual water elevation and total water level measured at 
Mana Marina between 2010 and 2020. Data were previously averaged over 15-min 
windows. Total water level statistics are based on the WVD-53 vertical datum.  

Statistics Residual water elevation 
(m) Total water level (m) 

Minimum -0.53 -0.85 

Mean 0.00 0.26 

Maximum 0.75 1.52 

Percentile 50th -0.01 0.24 

Percentile 75th 0.08 0.51 

Percentile 90th 0.17 0.73 

Percentile 95th 0.22 0.84 

Percentile 99th 0.34 1.00 

 

 

Figure 3-12 Measured total, tidal and residual water level and elevation at Mana Marina between 2010 
and 2020. Total and tidal water levels are based on the WVD-53 vertical datum.  
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3.2.4 Freshwater Inflows

Freshwater inflows to Porirua Harbour were included in one simulation, to provide extreme
velocity information for design around the edges of the Porirua and Kenepuru streams where
they enter the harbour.

For the Transmission Gully Project, SKM assessed the hydrology for significant inflows to
Porirua Harbour (SKM and DHI, 2011). In summary the catchments surrounding the harbour
were divided into sub catchments based on drainage catchments to the harbour. These inflows
and the associated catchment names are presented in Figure 3-13. The majority of inflow to 
the catchment occurs from the seven major catchments of the Harbour namely -Pauatahanui, 
Porirua, Kenepuru, Horokiri, Kakaho, Ration and Duck Creek. In total these sub catchments 
contribute over 90% of the flow to harbour during a flood event.

For the Transmission Gully study, SKM generated hydrographs (based on a 24-hour rainfall
event) for a 50 year ARI flood event for Porirua and Kenepuru Streams, coinciding with 2 year
ARI event for all other freshwater inflow sites shown in Figure 3-13. The associated peak flows
for the freshwater inflows to Onepoto Arm is presented in Table 3-4.

 

Figure 3-13 Location of freshwater inflows and associated catchment names.  

 

Table 3-4 Simulated peak flows for the freshwater inflows to Onepoto Arm,  (SKM and DHI, 2011). 

Inflow Peak Flow (m3/s) 

Porirua Stream  81.7 

Kenepuru Stream 48.7 

Takapuwahia Stream 4.6 

a 2.3 

b 1.2 

c 1.5 

d 0.6 

e 1.7 

f 1.3 

g 1.9 

h 1.6 

i 3.6 
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3.2.5 Validation 

Time series of simulated water level within the Mana Marina (Figure 3-14) was compared 
against the tide gauge record to ensure the capability of the model to accurately predict water 
levels within Onepoto Arm. Results shown in Figure 3-15 indicate a very close match between 
observations and model outputs. Tidal distortion processes are relatively weak between the 
entrance to Porirua Harbour and Onepoto Arm, letting the tidal component nearly unchanged 
between the offshore boundary and the Mana Marina. The present hydrodynamic model is 
therefore suitable to accurately predict the water level variations in Onepoto Arm over 10 years 
for the different simulated scenarios. 

 

 

Figure 3-14 Bathymetry map including the hydrodynamic model grid (grey mesh) and the observation 
site (orange dot) where the Mana Marina tide gauge measures continuously the variations of 
the water level since 2009. 

 

 

Figure 3-15 Comparison between water level measurements and model outputs within the Mana Marina 
between January and February 2014. The vertical datum reference is WVD-53. 
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3.2.6 Post-processing 

Model water levels were extracted at 13 sites spaced every 150 m along the -0.25 m isobath 
along the western margin of Onepoto Arm (Figure 3-16) between 2010 and 2020 with a 30-min 
interval. Statistics including mean, percentiles 50th, 75th, 90th, 95th and 99th and maximum were 
calculated at each location.  

Due to the very low spatial variability of the water level field in the Onepoto Arm, only data at 
Site 1 were used to perform an Extreme Value Analysis (EVA) (DHI, 2020c) with return periods 
of 1, 5, 10, 20, 50 and 100 years for each scenario. As for the wind EVA, a POT was applied 
based on the 99th percentile of the total distribution with a minimum period of 72 hours between 
peaks to select the extreme event population. The type 3 Gamma distribution provided the best 
fit. Results of the EVA are provided in Section 4.1. 

For the hydrodynamic impact assessment, 50th, 75th and 99th percentiles and mean difference in 
current speed between the existing and modified coastal environments were calculated over 
2017. 

 

 

Figure 3-16 Bathymetry map of Onepoto Arm including the 13 sites where model water levels were 
extracted for the EVA. Black contours indicate the isobaths from -2 m to +5 m in the WVD-53 
vertical datum. 

3.3 Spectral Wave Model 

The MIKE 21 Spectral Wave (SW) model (DHI, 2020d) was used to simulate the generation and 
propagation of waves over the Onepoto Arm area. The coupling  between SW and HD models 
was performed offline, with the water level for the SW model, taken from one location in HD 
model. This strategy allowed a reduction in the wave model domain to optimize the 
computational resources without affecting the model skills. Details of the SW modelling including  
model domain, bathymetry, forcing and post-processing are provided in this section. 
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3.3.1 Domain and Bathymetry 

Previous investigations (SKM and DHI, 2011) illustrated that there is minimal propagation of 
offshore waves into the harbour arms, hence the wave model flexible mesh grid was only 
focused on Onepoto Arm as shown in Figure 3-17. Two different meshes were used; one for the 
10-year wave climate modelling with a resolution increasing up to 20 m in the Onepoto Arm; one 
for the 100-year return period wave modelling with a resolution reaching 4 m along the western 
Onepoto shoreline where the proposed coastal structures will be located. Wave model 
bathymetries (Figure 3-18 and Figure 3-19) were interpolated from the bathymetry datasets 
detailed in Section 3.2.1.  

 

Figure 3-17 Spectral wave model grid and bathymetry over Onepoto Arm. 

 

 

Figure 3-18 Spectral wave model bathymetry and isobath contours over Onepoto Arm. 
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Figure 3-19 High-resolution wave model mesh grid over Onepoto Arm used for the simulations with 100-
year ARI wind event. Red polygons delimit the proposed coastal structures. 

3.3.2 Forcing 

No open-ocean wave conditions were prescribed to the wave model boundary as minimal 
propagation of offshore waves in the harbour arms occur (SKM and DHI, 2011). Generation and 
propagation of waves in the model  were only driven by winds from the 10 m wind timeseries 
measured at Mana Island (see Section 3.2.2). Variations of water level were extracted every 5 
min from the HD model at the centre of Onepoto Arm and set into the wave model for the 10-
year simulations. 

For the 100-year ARI wind scenarios, wind speeds obtained from the directional EVA in Section 
3.2.2 were used in quasi-stationary mode. The quasi-stationary mode is well indicated for testing 
constant-wind scenarios in a fetch-limited wind-wave growth region such as Onepoto. 
Corresponding wind speed values are presented in Table 3-2. 

3.3.3 Validation 

Predicted significant wave heights were validated against measurements at the centre of 
Onepoto Arm (Figure 3-20) from January 13th to February 5th, 2010. Despite the noise in the 
wave record, the wave model seems to adequately capture the generation of sea wave as 
shown in Figure 3-21. The very low significant wave heights recorded during the measurement 
period make it difficult to assess the model performance, particularly for winter storms. In 
absence of swell penetration and considering the short-period wave validation, the model 
uncertainty associated with the generation of sea-waves during storms is expected to be only in 
the order of few centimetres, hence without any significant consequence for the overall 
assessment. 
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Figure 3-20 Bathymetry map including the wave model grid (grey mesh) and the observation site (orange 
dot) where waves were measured from January 13th to February 5th, 2010. 

 

Figure 3-21 Comparison between significant wave height measurements and model outputs at the centre 
of Onepoto Arm between January and February 2010. 

3.3.4 Post-processing 

Significant wave heights and maximum wave heights were extracted from the model outputs at 
the 13 sites located near Titahi Bay Road between 2010 and 2020 with a 5-min interval. 
Statistics including mean, 50th, 75th, 90th, 95th and 99th percentiles and maximum were calculated 
at each location to examine the spatial variability of the wave height field over time. Moreover, 
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predicted significant wave height and maximum wave height at all sites were extracted from the 
100-year ARI wind scenarios. 

For the wave impact assessment, predicted significant wave heights for both the existing and 
modified coastal environments were compared as follows: 

Hsdiff= Hsmodified - Hsexisting where Hs: Significant wave height 
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4 Design Hydrodynamics and Waves Results 

For the three climate scenarios, statistical calculations and EVA have been undertaken from the 
timeseries of predicted water level, significant wave height and maximum wave height at the 13 
sites located along the western margin of Onepoto Arm. Results are presented in this section. 

4.1 Water Level 

Mean, 50th, 75th, 90th, 95th and 99th percentiles and maximum of water level are presented in 
Table 4-1. Results indicate a very low spatial variability in water level between sites. The results 
of the EVA carried out at Site 1 where the highest water level is predicted by the model, are 
provided for each scenario in Table 4-2, Figure 4-1, Figure 4-2 and Figure 4-3. EVA standard 
deviations that quantify the uncertainty are provided in Table 4-3. 

 

Table 4-1 Statistics calculated from the 10-year predicted water level at Sites 1 to 13 for the existing, 
0.20 m sea-level rise and 0.45 m sea-level rise scenarios. 

Statistics 

Sites 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Water level (m) for Existing Scenario 

Mean 0.30 0.27 0.28 0.29 0.31 0.26 0.30 0.26 0.26 0.26 0.28 0.28 0.26 

50th Percentile 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

75th Percentile 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.51 0.51 0.51 

90th Percentile 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 

95th Percentile 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 

99th Percentile 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 

Maximum 1.61 1.60 1.60 1.60 1.60 1.60 1.60 1.59 1.59 1.59 1.59 1.59 1.59 

 Water level (m) for 0.20 m Sea-level rise scenario 

Mean 0.47 0.46 0.46 0.46 0.47 0.46 0.47 0.46 0.46 0.46 0.46 0.46 0.46 

50th Percentile 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 

75th Percentile 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 

90th Percentile 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 

95th Percentile 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.05 1.05 1.05 1.05 

99th Percentile 1.24 1.23 1.24 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 

Maximum 1.81 1.80 1.81 1.80 1.80 1.80 1.80 1.80 1.79 1.79 1.79 1.79 1.79 

 Water level (m) for 0.45 m Sea-level rise scenario 

Mean 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 

50th Percentile 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 

75th Percentile 0.97 0.97 0.97 0.97 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 

90th Percentile 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 

95th Percentile 1.31 1.31 1.31 1.31 1.31 1.31 1.31 1.31 1.31 1.31 1.31 1.31 1.31 

99th Percentile 1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.48 1.48 1.48 1.48 

Maximum 2.06 2.06 2.06 2.05 2.05 2.05 2.05 2.05 2.04 2.04 2.04 2.04 2.04 
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Table 4-2 Water level (m) at Site 1 for return periods of 1, 5, 10, 20, 50 and 100 years for the existing, 
0.20 m sea-level rise and 0.45 m sea-level rise scenarios. Water levels are provided in the 
MVD-53 vertical datum. 

 Scenarios Site 
Return periods (years) 

1 5 10 20 50 100 

Existing 1 1.37 1.44 1.53 1.60 1.76 1.82 

0.20 m sea-level rise 1 1.56 1.63 1.71 1.78 1.92 1.98 

0.45 m sea-level rise 1 1.81 1.88 1.96 2.02 2.17 2.23 

 

Table 4-3 Standard deviation (m) of the extreme water level analysis at Site 1 for return periods of 1, 5, 
10, 20, 50 and 100 years for the existing, 0.20 m sea-level rise and 0.45 m sea-level rise 
scenarios.  

 Scenarios Site 
Return periods (years) 

1 5 10 20 50 100 

Existing 1 0.02 0.03 0.04 0.04 0.06 0.06 

0.20 m sea-level rise 1 0.02 0.03 0.03 0.04 0.05 0.06 

0.45 m sea-level rise 1 0.02 0.03 0.03 0.04 0.05 0.06 

 

 

Figure 4-1 Extreme water level analysis at Site 1 for the existing scenario. Vertical Datum is WVD-53. 
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Figure 4-2 Extreme water level analysis at Site 1 for the 0.20 m sea-level rise scenario. Vertical Datum 
is WVD-53. 

 

 

Figure 4-3 Extreme water level analysis at Site 1 for the 0.45 m sea-level rise scenario. Vertical Datum 
is WVD-53. 

 

4.2 Significant Wave Height 

Mean, 50th, 75th, 90th, 95th and 99th percentiles and maximum of significant wave height are 
presented in Table 4-4. Results indicate a very low spatial variability in significant wave height 
between sites. Significant wave heights predicted by the model for the 100-year return period 
northern, eastern and southern wind scenarios are provided in Table 4-5. 
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Table 4-4 Statistics calculated from the 10-year predicted significant wave height at Sites 1 to 13 for 
the existing, 0.20 m sea-level rise and 0.45 m sea-level rise scenarios. 

Statistics 

Sites 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Significant Wave Height (m) for Existing Scenario 

Mean 0.01 0.01 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

50th Percentile ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

75th Percentile ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

90th Percentile 0.03 0.01 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

95th Percentile 0.06 0.05 0.01 0.01 ~0.00 0.01 0.01 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 0.01 

99th Percentile 0.13 0.11 0.07 0.07 0.04 0.05 0.04 0.04 ~0.00 0.01 0.03 0.05 0.07 

Maximum 0.29 0.26 0.21 0.21 0.19 0.20 0.22 0.23 0.14 0.20 0.27 0.30 0.31 

 Significant Wave Height (m) for 0.20 m Sea-level rise scenario 

Mean 0.01 0.01 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

50th Percentile ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

75th Percentile ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

90th Percentile 0.04 0.02 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

95th Percentile 0.07 0.05 0.02 0.01 0.01 0.01 0.01 0.01 ~0.00 ~0.00 ~0.00 0.01 0.01 

99th Percentile 0.13 0.11 0.08 0.07 0.05 0.05 0.05 0.05 ~0.00 0.03 0.05 0.07 0.08 

Maximum 0.29 0.28 0.21 0.26 0.19 0.30 0.23 0.25 0.20 0.25 0.26 0.28 0.33 

 Significant Wave Height (m) for 0.45 m Sea-level rise scenario 

Mean 0.01 0.01 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

50th Percentile ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

75th Percentile ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

90th Percentile 0.04 0.02 0.01 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

95th Percentile 0.07 0.05 0.03 0.02 0.01 0.01 0.01 0.01 ~0.00 ~0.00 0.01 0.01 0.01 

99th Percentile 0.14 0.11 0.09 0.07 0.05 0.05 0.05 0.06 0.02 0.05 0.07 0.08 0.09 

Maximum 0.31 0.33 0.27 0.32 0.28 0.33 0.30 0.31 0.25 0.27 0.28 0.31 0.33 

Table 4-5 Significant wave height (m) obtained from directional 100-year ARI wind speed scenarios for 
the existing, 0.20 m sea-level rise and 0.45 m sea-level rise scenarios. 

100-year wind  
speed scenario 

Sites 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Significant Wave Height (m) for Existing Scenario 

From North 0.41 0.38 0.29 0.26 0.27 0.26 0.24 0.24 0.28 0.27 0.21 0.02 0.21 

From East 0.23 0.25 0.25 0.25 0.25 0.26 0.28 0.31 0.39 0.29 0.26 0.25 0.24 

From South 0.26 0.25 0.19 0.26 0.27 0.28 0.35 0.39 0.48 0.61 0.59 0.58 0.59 

Significant Wave Height (m) for 0.20 m Sea-level rise scenario 

From North 0.43 0.41 0.28 0.29 0.28 0.27 0.25 0.25 0.28 0.27 0.11 0.02 0.18 

From East 0.23 0.25 0.25 0.23 0.41 0.29 0.34 0.40 0.35 0.36 0.27 0.25 0.25 

From South 0.27 0.25 0.19 0.26 0.27 0.28 0.34 0.37 0.47 0.61 0.61 0.58 0.59 

Significant Wave Height (m) for 0.45 m Sea-level rise scenario 

From North 0.46 0.44 0.28 0.28 0.28 0.27 0.26 0.27 0.27 0.27 0.07 0.05 0.02 

From East 0.24 0.25 0.25 0.24 0.25 0.27 0.31 0.40 0.37 0.25 0.26 0.25 0.25 

From South 0.27 0.25 0.19 0.26 0.27 0.28 0.34 0.37 0.47 0.61 0.61 0.58 0.59 
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4.3 Maximum Wave Height 

Mean, 50th, 75th, 90th, 95th and 99th percentiles and maximum of maximum wave height are 
presented in Table 4-6. 

Table 4-6 Statistics calculated from the 10-year predicted maximum wave height at Sites 1 to 13 for the 
existing, 0.20 m sea-level rise and 0.45 m sea-level rise scenarios. 

Statistics 

Sites 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Maximum Wave Height (m) for Existing Scenario 

Mean 0.02 0.01 0.01 0.01 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

50th Percentile ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

75th Percentile ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

90th Percentile 0.06 0.03 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

95th Percentile 0.13 0.10 0.03 0.03 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

99th Percentile 0.25 0.22 0.16 0.15 0.09 0.11 0.09 0.09 0.00 0.00 0.06 0.11 0.15 

Maximum 0.49 0.43 0.39 0.39 0.35 0.34 0.35 0.40 0.26 0.28 0.38 0.44 0.50 

 Maximum Wave Height (m) for 0.20 m Sea-level rise scenario 

Mean 0.02 0.01 0.01 0.01 0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 0.01 

50th Percentile ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

75th Percentile ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

90th Percentile 0.08 0.04 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

95th Percentile 0.15 0.11 0.05 0.03 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 0.02 

99th Percentile 0.27 0.23 0.17 0.15 0.10 0.11 0.10 0.11 0.00 0.06 0.11 0.14 0.17 

Maximum 0.50 0.45 0.40 0.40 0.36 0.42 0.39 0.43 0.33 0.35 0.44 0.43 0.53 

 Maximum Wave Height (m) for 0.45 m Sea-level rise scenario 

Mean 0.02 0.01 0.01 0.01 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 0.01 0.01 

50th Percentile ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

75th Percentile ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

90th Percentile 0.09 0.04 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 

95th Percentile 0.16 0.11 0.06 0.04 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 ~0.00 0.02 0.03 

99th Percentile 0.29 0.24 0.18 0.16 0.11 0.11 0.11 0.13 0.03 0.11 0.15 0.17 0.19 

Maximum 0.52 0.50 0.42 0.50 0.36 0.52 0.46 0.47 0.39 0.41 0.48 0.50 0.57 

4.4 Significant Wave Height versus Peak Wave Period 

4.4.1 Existing Scenario 

Joint probabilities calculated from both predicted significant wave heights and peak wave 
periods at Sites 1 to 13 are presented in Table 4-7 to Table 4-19, respectively. Joint probabilities 
were calculated considering both wet and dry periods. 
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Table 4-7 Joint probability between predicted significant wave height and peak wave period at Site 1 
for the existing scenario. 

Site 1 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 83.92 0 0 0 0 0 

�•���������D�Q�G���������� 9.47 4.56 1.56 0.4 0.07 0.02 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-8 Joint probability between predicted significant wave height and peak wave period at Site 2 
for the existing scenario. 

Site 2 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 87.99 0 0 0 0 0 

�•���������D�Q�G���������� 7.39 3.41 1.01 0.18 0.02 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-9 Joint probability between predicted significant wave height and peak wave period at Site 3 
for the existing scenario. 

Site 3 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 94.65 0.01 0 0 0 0 

�•���������D�Q�G���������� 3.16 1.79 0.35 0.03 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-10 Joint probability between predicted significant wave height and peak wave period at Site 4 
for the existing scenario. 

Site 4 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 94.27 0 0 0 0 0 

�•���������D�Q�G���������� 3.79 1.69 0.22 0.03 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 
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Table 4-11 Joint probability between predicted significant wave height and peak wave period at Site 5 
for the existing scenario. 

Site 5 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 97.29 0 0 0 0 0 

�•���������D�Q�G���������� 2 0.62 0.08 0.01 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-12 Joint probability between predicted significant wave height and peak wave period at Site 6 
for the existing scenario. 

Site 6 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 96.68 0 0 0 0 0 

�•���������D�Q�G���������� 2.37 0.82 0.12 0.01 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-13 Joint probability between predicted significant wave height and peak wave period at Site 7 
for the existing scenario. 

Site 7 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 97.29 0 0 0 0 0 

�•���������D�Q�G���������� 1.98 0.65 0.07 0.01 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-14 Joint probability between predicted significant wave height and peak wave period at Site 8 
for the existing scenario. 

Site 8 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 97.85 0.02 0 0 0 0 

�•���������D�Q�G���������� 1.42 0.6 0.1 0.01 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 
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Table 4-15 Joint probability between predicted significant wave height and peak wave period at Site 9 
for the existing scenario. 

Site 9 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 99.89 0.01 0 0 0 0 

�•���������D�Q�G���������� 0.07 0.03 0 0 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-16 Joint probability between predicted significant wave height and peak wave period at Site 10 
for the existing scenario. 

Site 10 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 99.1 0.01 0 0 0 0 

�•���������D�Q�G���������� 0.73 0.14 0.03 0 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-17 Joint probability between predicted significant wave height and peak wave period at Site 11 
for the existing scenario. 

Site 11 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 98.48 0.02 0 0 0 0 

�•���������D�Q�G���������� 0.9 0.45 0.11 0.03 0.01 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-18 Joint probability between predicted significant wave height and peak wave period at Site 12 
for the existing scenario. 

Site 12 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 97.23 0 0 0 0 0 

�•���������D�Q�G���������� 1.73 0.76 0.21 0.05 0.01 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 
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Table 4-19 Joint probability between predicted significant wave height and peak wave period at Site 13 
for the existing scenario. 

Site 13 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 95.59 0 0 0 0 0 

�•���������D�Q�G���������� 2.71 1.18 0.38 0.1 0.04 0.01 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

4.4.2 Sea-level Rise Scenario (+0.20 m) 

Joint probabilities calculated from both predicted significant wave heights and peak wave 
periods at Sites 1 to 13 are presented in Table 4-20 to Table 4-32, respectively. Joint 
probabilities were calculated considering both wet and dry periods. 

 

Table 4-20 Joint probability between predicted significant wave height and peak wave period at Site 1 
for the 0.20 m sea-level rise scenario. 

Site 1 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 82.78 0 0 0 0 0 

�•���������D�Q�G���������� 9.69 5.13 1.78 0.51 0.09 0.02 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-21 Joint probability between predicted significant wave height and peak wave period at Site 2 
for the 0.20 m sea-level rise scenario. 

Site 2 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 87.32 0 0 0 0 0 

�•���������D�Q�G���������� 7.73 3.62 1.11 0.19 0.03 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 
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Table 4-22 Joint probability between predicted significant wave height and peak wave period at Site 3 
for the 0.20 m sea-level rise scenario. 

Site 3 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 92.84 0.01 0 0 0 0 

�•���������D�Q�G���������� 4.37 2.29 0.45 0.05 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-23 Joint probability between predicted significant wave height and peak wave period at Site 4 
for the 0.20 m sea-level rise scenario. 

Site 4 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 93.99 0 0 0 0 0 

�•���������D�Q�G���������� 3.88 1.83 0.26 0.04 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-24 Joint probability between predicted significant wave height and peak wave period at Site 5 
for the 0.20 m sea-level rise scenario. 

Site 5 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 96.6 0 0 0 0 0 

�•���������D�Q�G���������� 2.51 0.79 0.09 0.01 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-25 Joint probability between predicted significant wave height and peak wave period at Site 6 
for the 0.20 m sea-level rise scenario. 

Site 6 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 96.37 0 0 0 0 0 

�•���������D�Q�G���������� 2.62 0.89 0.11 0.01 0 0 

�•���������D�Q�G��<3.0 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 
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Table 4-26 Joint probability between predicted significant wave height and peak wave period at Site 7 
for the 0.20 m sea-level rise scenario. 

Site 7 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 96.78 0 0 0 0 0 

�•���������D�Q�G���������� 2.33 0.78 0.1 0.02 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-27 Joint probability between predicted significant wave height and peak wave period at Site 8 
for the 0.20 m sea-level rise scenario. 

Site 8 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 97.04 0.02 0 0 0 0 

�•���������D�Q�G���������� 1.97 0.82 0.13 0.03 0.01 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-28 Joint probability between predicted significant wave height and peak wave period at Site 9 
for the 0.20 m sea-level rise scenario. 

Site 9 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 99.59 0.01 0 0 0 0 

�•���������D�Q�G���������� 0.25 0.13 0.02 0 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-29 Joint probability between predicted significant wave height and peak wave period at Site 10 
for the 0.20 m sea-level rise scenario. 

Site 10 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 98.26 0.01 0 0 0 0 

�•���������D�Q�G���������� 1.3 0.33 0.08 0.01 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 
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Table 4-30 Joint probability between predicted significant wave height and peak wave period at Site 11 
for the 0.20 m sea-level rise scenario. 

Site 11 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 97.42 0.02 0 0 0 0 

�•���������D�Q�G���������� 1.53 0.78 0.19 0.06 0.01 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-31 Joint probability between predicted significant wave height and peak wave period at Site 12 
for the 0.20 m sea-level rise scenario. 

Site 12 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 96.02 0 0 0 0 0 

�•���������D�Q�G���������� 2.46 1.1 0.31 0.07 0.03 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-32 Joint probability between predicted significant wave height and peak wave period at Site 13 
for the 0.20 m sea-level rise scenario. 

Site 13 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 94.93 0 0 0 0 0 

�•���������D�Q�G���������� 3.03 1.4 0.46 0.13 0.04 0.01 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

4.4.3 Sea-level Rise Scenario (+0.45 m) 

Joint probabilities calculated from both predicted significant wave heights and peak wave 
periods at Sites 1 to 13 are presented in Table 4-33 to Table 4-45, respectively. Joint 
probabilities were calculated considering both wet and dry periods. 
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Table 4-33 Joint probability between predicted significant wave height and peak wave period at Site 1 
for the 0.45 m sea-level rise scenario. 

Site 1 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 82.02 0 0 0 0 0 

�•���������D�Q�G���������� 9.75 5.52 1.97 0.61 0.11 0.02 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-34 Joint probability between predicted significant wave height and peak wave period at Site 2 
for the 0.45 m sea-level rise scenario. 

Site 2 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 86.68 0 0 0 0 0 

�•���������D�Q�G���������� 8.1 3.79 1.17 0.23 0.03 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-35 Joint probability between predicted significant wave height and peak wave period at Site 3 
for the 0.45 m sea-level rise scenario. 

Site 3 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 91.24 0 0 0 0 0 

�•���������D�Q�G���������� 5.48 2.7 0.53 0.05 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-36 Joint probability between predicted significant wave height and peak wave period at Site 4 
for the 0.45 m sea-level rise scenario. 

Site 4 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 93.71 0 0 0 0 0 

�•���������D�Q�G���������� 4.02 1.92 0.3 0.04 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 
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Table 4-37 Joint probability between predicted significant wave height and peak wave period at Site 5 
for the 0.45 m sea-level rise scenario. 

Site 5 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 96.09 0 0 0 0 0 

�•���������D�Q�G���������� 2.87 0.92 0.11 0.01 0 0 

�•���������D�Q�G��<3.0 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-38 Joint probability between predicted significant wave height and peak wave period at Site 6 
for the 0.45 m sea-level rise scenario. 

Site 6 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 96.17 0 0 0 0 0 

�•���������D�Q�G���������� 2.8 0.92 0.1 0.01 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-39 Joint probability between predicted significant wave height and peak wave period at Site 7 
for the 0.45 m sea-level rise scenario. 

Site 7 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 96.4 0 0 0 0 0 

�•���������D�Q�G���������� 2.53 0.92 0.12 0.02 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-40 Joint probability between predicted significant wave height and peak wave period at Site 8 
for the 0.45 m sea-level rise scenario. 

Site 8 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 96.12 0 0 0 0 0 

�•���������D�Q�G���������� 2.56 1.09 0.18 0.04 0.01 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 
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Table 4-41 Joint probability between predicted significant wave height and peak wave period at Site 9 
for the 0.45 m sea-level rise scenario. 

Site 9 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 98.89 0.02 0 0 0 0 

�•���������D�Q�G���������� 0.66 0.34 0.08 0.01 0 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-42 Joint probability between predicted significant wave height and peak wave period at Site 10 
for the 0.45 m sea-level rise scenario. 

Site 10 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 96.95 0.01 0 0 0 0 

�•���������D�Q�G���������� 2.08 0.74 0.17 0.04 0.01 0 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-43 Joint probability between predicted significant wave height and peak wave period at Site 11 
for the 0.45 m sea-level rise scenario. 

Site 11 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 95.98 0.02 0 0 0 0 

�•���������D�Q�G���������� 2.38 1.22 0.3 0.08 0.02 0.01 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

Table 4-44 Joint probability between predicted significant wave height and peak wave period at Site 12 
for the 0.45 m sea-level rise scenario. 

Site 12 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 94.84 0 0 0 0 0 

�•���������D�Q�G���������� 3.1 1.47 0.44 0.12 0.02 0.01 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 
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Table 4-45 Joint probability between predicted significant wave height and peak wave period at Site 13 
for the 0.45 m sea-level rise scenario. 

Site 13 

Joint Probability (%) 
Significant Wave Height (m) 

�•���������D�Q�G��
<0.05 

�•�����������D�Q�G��
<0.1 

�•���������D�Q�G��
<0.15 

�•�����������D�Q�G��
<0.2 

�•���������D�Q�G��
<0.25 �•�������� 

P
ea

k 
W

av
e 

P
er

io
d

 (
s)

 �•���������D�Q�G���������� 94.57 0 0 0 0 0 

�•���������D�Q�G���������� 3.14 1.52 0.55 0.15 0.06 0.01 

�•���������D�Q�G���������� 0 0 0 0 0 0 

�•������ 0 0 0 0 0 0 

 

4.5 Wave Roses 

Wave rose extracted at Site 1 to 13 from predicted significant wave heights and peak wave 
directions between 2010 and 2020 for the existing scenario are presented in Figure 4-4 to 
Figure 4-16, respectively. Note that for the calculation of the percentage of occurrence, only wet 
periods were considered. 

 

 

Figure 4-4 Wave rose extracted at Site 1 from predicted significant wave heights and peak wave 
directions between 2010 and 2020 for the existing scenario. Note that for the calculation of 
the percentage of occurrence, only wet periods are considered for a better lecture of the 
results. 
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Figure 4-5 Wave rose extracted at Site 2 from predicted significant wave heights and peak wave 
directions between 2010 and 2020 for the existing scenario. Note that for the calculation of 
the percentage of occurrence, only wet periods are considered for a better lecture of the 
results. 

 

 

 

Figure 4-6 Wave rose extracted at Site 3 from predicted significant wave heights and peak wave 
directions between 2010 and 2020 for the existing scenario. Note that for the calculation of 
the percentage of occurrence, only wet periods are considered for a better lecture of the 
results. 
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Figure 4-7 Wave rose extracted at Site 4 from predicted significant wave heights and peak wave 
directions between 2010 and 2020 for the existing scenario. Note that for the calculation of 
the percentage of occurrence, only wet periods are considered for a better lecture of the 
results. 

 

 

Figure 4-8 Wave rose extracted at Site 5 from predicted significant wave heights and peak wave 
directions between 2010 and 2020 for the existing scenario. Note that for the calculation of 
the percentage of occurrence, only wet periods are considered for a better lecture of the 
results. 
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Figure 4-9 Wave rose extracted at Site 6 from predicted significant wave heights and peak wave 
directions between 2010 and 2020 for the existing scenario. Note that for the calculation of 
the percentage of occurrence, only wet periods are considered for a better lecture of the 
results. 

 

 

Figure 4-10 Wave rose extracted at Site 7 from predicted significant wave heights and peak wave 
directions between 2010 and 2020 for the existing scenario. Note that for the calculation of 
the percentage of occurrence, only wet periods are considered for a better lecture of the 
results. 
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Figure 4-11 Wave rose extracted at Site 8 from predicted significant wave heights and peak wave 
directions between 2010 and 2020 for the existing scenario. Note that for the calculation of 
the percentage of occurrence, only wet periods are considered for a better lecture of the 
results. 

 

 

Figure 4-12 Wave rose extracted at Site 9 from predicted significant wave heights and peak wave 
directions between 2010 and 2020 for the existing scenario. Note that for the calculation of 
the percentage of occurrence, only wet periods are considered for a better lecture of the 
results. 
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Figure 4-13 Wave rose extracted at Site 10 from predicted significant wave heights and peak wave 
directions between 2010 and 2020 for the existing scenario. Note that for the calculation of 
the percentage of occurrence, only wet periods are considered for a better lecture of the 
results. 

 

 

Figure 4-14 Wave rose extracted at Site 11 from predicted significant wave heights and peak wave 
directions between 2010 and 2020 for the existing scenario. Note that for the calculation of 
the percentage of occurrence, only wet periods are considered for a better lecture of the 
results. 
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Figure 4-15 Wave rose extracted at Site 12 from predicted significant wave heights and peak wave 
directions between 2010 and 2020 for the existing scenario. Note that for the calculation of 
the percentage of occurrence, only wet periods are considered for a better lecture of the 
results. 

 

 

Figure 4-16 Wave rose extracted at Site 13 from predicted significant wave heights and peak wave 
directions between 2010 and 2020 for the existing scenario. Note that for the calculation of 
the percentage of occurrence, only wet periods are considered for a better lecture of the 
results. 

 






























