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Executive Summary 
JBP were commissioned by Douglas Shire Council (DSC) to investigate new approaches to map 
storm tide inundation for the Queensland coastline.  The project has reviewed a range of Australian 
and international approaches to simulate the combined effect of tides, storm surges and waves over 
different shorelines and vegetation types to produce a best practise approach for the Douglas 
coastline, which can also be applied for other Queensland regions.   

The Douglas Shire coastline experiences a range of hydrodynamic, wave, and morphologic 
processes that influence the depth and extent of storm tide inundation.  An assessment of the 
Douglas shoreline identified four typical shoreline types that will influence nearshore wave and 
overtopping processes, which include (i) natural beach and dunes, (ii), wetlands, marshlands and 
estuaries, (iii) rocky outcrops, cliffs and hard structures, and (iv) mangroves.  A four-step process 
has been proposed to produce storm tide maps over these shorelines.  This includes an initial step 
to undertake a storm tide study, which would assess climatology, cyclones and offshore wave 
characteristics using existing best-practise methods such as the QLD Blue Book.  Storm tide 
inundation would then be simulated through three additional steps:  

1. Assessment of shoreline types, e.g. (i) natural beach and dunes, (ii), wetlands, marshlands 
and estuaries, (iii) rocky outcrops, cliffs and hard structures, and (iv) mangroves. 

2. Undertake a nearshore assessment using different modelling methodologies for coastal and 
vegetation types 

a. XBeach for natural beach and dune systems, 

b. Hydrodynamic modelling for wetlands, marshlands and estuaries 

c. Artificial Neural Network for rocky outcrops, cliffs and hard structures 

d. XBeach for Mangroves 

3. Undertake hydrodynamic modelling to simulate tides, storm tide, setup and 
nearshore/overtopping processes over the foreshore.   

 

This process was followed for the Douglas Coastline, with the peak coastal inundation depth and 
water levels mapped for each community.  The peak inundation depth for many locations was 
attributed to the volume of overtopped water, rather than the storm tide level.  In these areas the 
site location and elevation was a key factor, with the storm tide depth varying due to its proximity to 
dunes, the slope of the land, and function of nearby drainage infrastructure.  This meant that the 
inundation level can vary throughout a community, based on local conditions. Storm tide inundation 
maps have been developed at a lot-specific level, for multiple return periods and planning horizons.  
The table below shows present day, 1% Annual Exceedance Probability (AEP) storm tide levels, 
including an additional 0.25m for minimum building pad levels and additional 0.5m freeboard for 
finished flood levels. 

Table E-1: Present day storm tide level range for key communities, including 0.5m freeboard  

Locality  Storm tide 
level range 
(present day, 
1% AEP), 
mAHD  

Finished floor 
level (storm 
tide for present 
day, 1% AEP, 
plus 0.5m), 
mAHD  

Storm tide 
level range 
(2100 0.8m 
SLR, 1% AEP), 
mAHD  

Finished floor  
level (storm 
tide for 2100 
0.8m SLR, 1% 
AEP, plus 
0.5m), mAHD  

Pad level for 
2100 0.8m SLR, 
1% AEP 

 
 

Wangetti 0.65 - 2.14 1.15 - 2.64 2.16 - 3.02 2.66 - 3.52 2.41 - 3.27 

Oak Beach 2.01 - 3.73 2.51 - 4.23 2.40 - 3.79 2.90 - 4.29 2.65 - 4.04 

Port 
Douglas 

1.21 - 3.06  1.71 - 3.56  2.66 - 3.08  3.16 - 3.58  2.91 - 3.33 

Cooya 
Beach 

2.13 - 2.64  2.63 - 3.14  2.85 - 3.94  3.35 - 4.44  3.10 - 4.19 

Newell 
Beach 

1.53 - 4.00  2.03 - 4.50  2.34 - 4.08  2.84 - 4.58  2.59 - 4.33 

Wonga 
Beach 

1.56 - 3.10  2.06 - 3.60  1.95 - 3.38  2.45 - 3.88  2.20 - 3.63 

Thorton 
Beach 

1.61 - 2.03 1.11 - 2.53 2.48 - 2.95 2.98 - 3.45 2.73 - 3.20 

Degarra 1.04 - 1.77  1.54 - 2.27  1.28 - 2.62  1.78 - 3.12  1.53 - 2.87 
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Figure 1-1:Douglas Shire Council Local Government Area 
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2.1 Available data 
A range of studies and datasets are available at a regional scale throughout the Douglas region.  
These provide information on coastal hazards, planning controls, bathymetric and topographic data, 
and vegetation types.  

2.1.1 Datums 

All vertical elevations has been measured from the Australian Height Datum (AHD), which normally 
approximates mean sea level within a range of several centimetres. 

2.1.2 Return Periods 

The annual exceedance probability (AEP) of a storm event is a measure of the event severity. The 
AEP is the probability that a given storm tide event will be exceeded in one year. Therefore a 1% 
AEP event is more severe (and less likely) than a 5% AEP event.  

2.1.3 Coastal Hazard Adaptation Strategy (CHAS) and Resilient Coast Strategic Plan 

Council has completed a Coastal Hazard Adaption Strategy (CHAS) through the Queensland 
Government funded QCoast 2100 program.  On the 28 May 2019, Council formally adopted a 
Resilient Coast Strategic Plan1, committing the organisation to 35 priority actions identified through 
the CHAS to reduce the impacts of coastal hazards on communities and natural assets.  A better 
understanding of the impact of storm tide and riverine flood inundation is one of the priority actions.   

2.1.4 Douglas Planning Scheme 2018 

The Douglas Council Planning Scheme2 was approved in 2018 under the Sustainable Planning Act 
2009.  As required by the then State Planning Policy, the Planning Scheme includes an overlay for 
storm tide inundation extents based on regional mapping prepared by the Department of 
Environment and Science (DES).  For development trigger by the flood and storm tide hazard 
overlay code the Client relies on the Cairns Region Storm Tide Inundation Study (2013) prepared 
by BMT WBM and reissued on 12 December 2017 

2.1.5 Cairns Region Storm Tide Inundation Study (CRSTIS) (WBM BMT 2013) 

Storm tide mapping is currently available throughout most of the coastal zone based on the Cairns 
Regional Storm Tide Inundation Study (CRSTIS).  Whilst prepared in 2012, the CRSTIS currently 
serves as the primary source of wave and storm tide data for the region.  The CRSTIS contains 
detailed offshore cyclone modelling, wave modelling and wave runup calculations to produce an 
estimate of storm tide elevation under future climate change conditions.  Wave setup and runup 
levels have been estimated based on an assumed beach slope of 1:10 and empirical equations 
following Stockdon (2006)3.   For situations where the dune is overtopped by storm tide and wave 
runup, this estimate is acknowledged to be too large and hence wave runup height will be 
overestimated.  Coastal inundation mapping was achieved through a 'bathtub mapping' approach, 
which did not consider local conditions, vegetation types, topography, or different beach slopes. 
This adds a level of uncertainty within the CRSTIS outputs and maps, in particular for planning 
purposes. Whilst these maps have been used within the DSC Planning Scheme, any ambiguity in 
mapping and the defined coastal storm tide levels presents a risk to Council. CRSTIS storm tide 
estimates are shown in Table 2-1. 

2.1.6 Storm tide modelling for Degarra (JBPacific 2019).  

This investigation was undertaken by JBPacific to support DSC disaster risk management at 
Degarra, located to the north of the Daintree River.  The study was undertaken to fill gaps within the 
CRSTIS, which extends north to Cape Tribulation.  The study has investigated the potential impacts 
of a Severe Tropical Cyclone hitting the area.  A credible severe cyclone scenario was identified by 
Queensland Fire and Emergency Services (QFES) to be similar to Tropical Cyclone (TC) Ita in 2014 
(which was Category 3 at landfall), however landing north of Degarra at a high tide. This scenario 
was tested within a new Delft3D cyclone model, and the storm tide extents added to the CRSTIS 
for Council planning.   

 

 

 
1 Resilient Coast Strategic Plan, 2019-2029, DSC 
2 Douglas Shire Planning Scheme 2018 Version 1.0 - Part 8: Overlays, DSC 
3 Stockdon, H.F., et al. (2006). Empirical parameterization of setup, swash, and runup, Coastal Engineering 53, 573-588. 



https://www.business.qld.gov.au/running-business/support-assistance/mapping-data-imagery/imagery/airborne-lidar-data
https://www.business.qld.gov.au/running-business/support-assistance/mapping-data-imagery/imagery/airborne-lidar-data
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3.3 New methods to simulate nearshore wave effects at beaches and dunes 
The challenges with storm tide mapping along open coast beaches and sand dunes is that 
inundation will be affected by the combined processes of tides, storm surges, wave setup and wave 
runup.  This is further complicated by the effect of nearshore waves; which are affected by 
processes such as shoaling, breaking, wave setup and wave runup.  Different numerical models 
are available to simulate these processes, with varying levels of detail. 

3.3.1 Phase averaged, spectral wave model  

A spectral wave model can simulate the growth, decay and transformation of waves throughout the 
coastal zone, including wave setup.  It can be run in 1D over a defined cross section or 2D over a 
wide area.  Using a spectral wave model to calculate nearshore wave height and wave setup is 
considered an improved approach to empirical equations.  Examples include the SWAN (Simulating 
WAves Nearshore) wave model and MIKE SW.   

This study has used SWAN, is a third-generation spectral wave model, developed at Delft University 
of Technology9. The SWAN physics engine accounts for wave generation by wing and propagation 
in time and space, shoaling, refraction due to current and depth, frequency shifting due to currents 
and non-stationary depth.   

A spectral wave model is considered the most applicable approach to simulate wave setup at open 
coastlines in a coastal inundation study.  

3.3.2 XBeach 

XBeach is an open-source numerical model that has been increasingly used in recent years for the 
purpose of wave runup and overtopping assessment (Roelvink et al, 2010)10.  It can be run to 
simulate groups of waves, or 'surfbeat' in phase-averaged mode, or in a phase-resolving (non-
hydrostatic) modes to capture both incident and infragravity wave components.  

The model is establishing itself as an industry-standard tool for modelling coastal wave and 
sediment processes.  It performs especially well for cross-shore dominated coastal processes, 
where it can estimate the effect of the underlying nearshore bathymetry and dunes on wave 
breaking, runup and overwash/breaching processes.  XBeach is documented to have been used in 
coastal inundation studies in Australia, UK, Canada, Fiji, USA, South America, Netherlands, and 
Vietnam.  In addition to wave setup estimation, XBeach includes the effects of vegetation (e.g. 
mangroves) and hard structures (e.g. seawalls). When running in non-hydrostatic mode, XBeach 
resolves individual waves to output impulsive discharge from wave run up and overtopping. Typical 
run times for a 1 hour modelled timeframe are between 10 to 15 minutes when applying this mode 
to a 1D model. 

A wide range of outputs can be extracted from the model, which include the peak wave runup level 
or and volume of overtopped water during a storm.  This may be used in conjunction with a 2D 
hydrodynamic model to map coastal inundation behind sand dunes (See Section 3.6) 

XBeach is considered the most applicable approach to simulate overtopping at sandy or vegetated 
dunes in a coastal inundation study.  

 

Figure 3-3:Modelling non-hydrostatic (phase-resolving) wave conditions in a 1D XBeach model, 
overtopping for wave runup collects behind the dune  

 
9 Delft Univeristy of Technology (2020) Available via: http://swanmodel.sourceforge.net/ 
10 Roelvink, D., Reniers, A., Van Dongeren, A., Van Thiel de Vries, J., Lescinski, J. and McCall, R. 2010. XBeach model description 
and manual. Delft University of Technology, User Manual, Delft, The Netherlands 

http://swanmodel.sourceforge.net/




https://repository.tudelft.nl/islandora/object/uuid%3A88e2b629-efc9-48c8-b438-b250951200de


https://www.tuflow.com/Tuflow.aspx
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Figure 3-8:Comparison of vegetation calculated from aerial imagery NDVI mapping 
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3.7 Combined process 
Based on the Australian and international literature review, a four-step process is proposed to 
produce storm tide maps.  This includes an initial step to undertake a storm tide study, including 
climatology, cyclone modelling and offshore wave modelling.  This would be subject to existing best-
practise methods, including those outlined in the QLD Blue Book25, which have not been described 
in this report.  This project focusses on Steps two to four, as shown below. 

1. Undertake a storm tide study following relevant best practise guidance to estimate 
nearshore storm tide level and wave conditions 

o This project has adopted the outputs of the CRSTIS 

2.   Assessment of shoreline types 

o This project has identified: 

i. wetlands, marshlands, and estuaries  

ii. natural beach and dune systems, 

iii. rocky outcrops, cliffs, and hard structures XBeach for mangroves 

iv. mangroves 

3. Undertake a nearshore assessment using different modelling methodologies for coastal 
and vegetation types 

o This project has used four approaches (see Figure 3-9):  

i. Hydrodynamic modelling for wetlands, marshlands and estuaries 

 

ii. XBeach for natural beach and dune systems 

 
 

iii. ANN for rocky outcrops, cliffs and hard structures 

 
iv. XBeach for mangroves 

 
 

4. Use a hydrodynamic model to simulate tides, storm tide, setup and nearshore/overtopping 
processes. 

o This project has used a TUFLOW hydrodynamic model 

 

 

 
25 QLD Government (2001) Queensland Climate Change and Community Vulnerability to Tropical Cyclones, Oceans Hazard 
Assessment 
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Figure 3-9:Schematic for nearshore modelling  
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4.2.2 Model selection 

The TUFLOW numerical model was selected to represent these processes.  TUFLOW is an industry 
standard 1D/2D hydrodynamic software package used for computer simulation of inundation. It has 
been selected to simulate tide conditions, being forced using spatially varying offshore tidal 
boundaries, including an allowance for storm surges, and additional inputs for wave runup and 
overtopping.  

Several hydrodynamic model domains have been established throughout the Douglas coastline.  
Each positioned to allow tidal propagation through the nearshore zone, over mangroves and marsh 
land, through estuaries, and over the coastal floodplain.  A schematisation of a typical model setup 
is shown in Figure 4-1.  The tidal boundary has been positioned at the -5mAHD depth contour, and 
the model extends upstream inland of the maximum tidal and storm surge limits.  The model has 
been forced with an astronomic tidal signal, with a storm surge added and aligned with a high tide 
level.  The shape of the storm surge has been based on Cooktown gauge records during Tropical 
Cyclone Ita, with the peak surge adjusted to match the design storm tide levels predicted within the 
CRSTIS.  An additional allowance was then added to represent wave setup.  This wave setup has 
been recalculated within a separate 1D SWAN model for each coastal community.  It has been 
calculated for each AEP and applied as a constant increase to the storm tide timeseries at the 
boundary during the storm.  Each model uses a base gridsize of 30m, with the resolution increased 
around key communities.  Where available, tide gauge data has been used to calibrate models, 
such as in the Mossman River.   

 

Figure 4-1:Conceptual model sketch, showing the key processes to be replicated within the 
numerical model 

4.2.3 Topography, bathymetry and channel design 

Elevation data has been based on the QLD 5m LiDAR DEM topography and 30m GBR bathymetry, 
for the open coastline, as described in Section 2.1.7.  However, topographic and bathymetric data 
does not extend within major river channels.  In these areas nominal channel dimensions have been 
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have been sourced from the model outputs provided by BMT, the wave results did not change in 
the revised version of the CRSTIS, therefore the future wave conditions have been adopted. 

 

 

Table 4-2:Present day wave height, wave period, and storm tide for key communities taken from 
the CRSTIS 

  Oak Beach Pebbly 
Beach 

Port 
Douglas  

Cooya 
Beach 

Newell 
Beach 

  
  
  

CRSTIS ID 217 221 248 267 273 

X-coord 342596 341832 336495 331474 330323 

Y-coord 8164327 8165968 8175330 8181105 8183540 

Significant 
Wave 
Height (m) 

2% AEP 2.66 3.13 2.72 2.57 2.62 

1% AEP 2.74 3.28 2.81 2.64 2.68 

0.5% AEP 2.80 3.37 2.89 2.68 2.73 

Design 
Wave 
Period (s) 

2% AEP 6.28 6.81 6.35 6.17 6.23 

1% AEP 6.37 6.97 6.45 6.26 6.31 

0.5% AEP 6.44 7.07 6.55 6.31 6.36 

Storm Tide 
(surge plus 
tide) 
(mAHD) 

2% AEP 1.66 1.66 1.65 1.68 1.68 

1% AEP 1.84 1.85 1.82 1.92 1.93 

0.5% AEP 2.09 2.08 2.06 2.25 2.28 

 

  Wonga Beach  Thor nton Beach  Cape Tribulation  Degarra  

  
  
  

CRSTIS ID 291 343 364 388 

X-coord 331061 333556 336413 326670 

Y-coord 8192249 8210945 8220830 8239466 

Significant 
Wave 
Height (m) 

2% AEP 2.80 2.71 3.47 2.83 

1% AEP 2.93 3.07 4.05 3.30 

0.5% AEP 3.01 3.26 4.56 3.67 

Design 
Wave 
Period (s) 

2% AEP 6.44 6.34 7.17 6.47 

1% AEP 6.59 6.75 7.75 7.00 

0.5% AEP 6.68 6.95 8.22 7.38 

Storm Tide 
(surge plus 
tide) 
(mAHD) 

2% AEP 1.66 1.60 1.57 1.55 

1% AEP 1.87 1.71 1.67 1.62 

0.5% AEP 2.18 1.91 1.77 1.68 
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Table 4-3:Future 2100 wave conditions and storm tide for key communities taken from the 
CRSTIS 

  
 

Oak Beach Pebbly 
Beach* 

Port Douglas  Cooya 
Beach* 

Newell Beach*  

  
  
  

CRSTIS ID 217 221 248 267 273 

X-coord 342596 341832 336495 331474 330323 

Y-coord 8164327 8165968 8175330 8181105 8183540 

Significant 
Wave 
Height (m) 

2% AEP 2.69 3.19 2.76 2.60 2.64 

1% AEP 2.77 3.32 2.85 2.66 2.70 

0.5% AEP 2.82 3.40 2.91 2.70 2.74 

Design 
Wave 
Period (s) 

2% AEP 6.31 6.87 6.39 6.21 6.26 

1% AEP 6.40 7.02 6.50 6.28 6.33 

0.5% AEP 6.46 7.10 6.57 6.33 6.38 

Storm Tide 
(surge plus 
tide) 
(mAHD) 

2% AEP** 2.44 2.47 2.45 2.50 2.50 

1% AEP 2.71 2.75 2.70 2.85 2.87 

0.5% AEP** 3.08 3.09 3.06 3.34 3.39 

 

  
 

Wonga 
Beach 

Thor nton 
Beach 

Cape 
Tribulation*  

Degarra * 

  
  
  

CRSTIS ID 291 343 364 388 

X-coord 331061 333556 336413 326670 

Y-coord 8192249 8210945 8220830 8239466 

Significant 
Wave 
Height (m) 

2% AEP 2.86 2.86 3.68 2.98 

1% AEP 2.96 3.15 4.26 3.45 

0.5% AEP 3.04 3.33 4.77 3.83 

Design 
Wave 
Period (s) 

2% AEP 6.51 6.51 7.39 6.65 

1% AEP 6.63 6.84 7.94 7.16 

0.5% AEP 6.71 7.03 8.41 7.53 

Storm Tide 
(surge plus 
tide) 
(mAHD) 

2% AEP** 2.49 2.39 2.33 2.30 

1% AEP 2.80 2.55 2.48 2.41 

0.5% AEP** 3.26 2.85 2.63 2.50 

*Storm tide estimated from average increase of other communities 

**Storm tide estimated from increase of 1%AEP from present-day to 2100, for each community  
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which has been applied as a 1D coastal transect, applying the offshore wave and water level 
conditions from the CRSTIS.   Each transect has been developed using a combination of 5m LiDAR 
topography, bathymetric chart data and 30m GBR bathymetry.  A new wave setup model has been 
developed for each TUFLOW hydrodynamic model.  The resulting setup values varies due to the 
wave, hydraulic conditions and bathymetry.  Setup has varied for each coastal community, return 
period and planning horizon, and added back into the to CRSTIS storm tide estimates. These have 
been used as the water level boundaries within each TUFLOW model, as shown in Table 4-4 and 
Table 4-5 for present day and 2100 scenarios respectively.   

Table 4-4:Present day storm tide plus wave setup for key communities 

 

 

Table 4-5:2100 storm tide plus wave setup for key communities 

  Oak Beach Pebbly Beach Port Douglas  Cooya Beach Newell Beach  

   
 Design 
Storm 
Tide 
plus Wave 
Setup 
(mAHD) 

CRSTIS 
ID 

217 221 248 267 273 

X-coord 342596 341832 336495 331474 330323 

Y-coord 8164327 8165968 8175330 8181105 8183540 

2% AEP 2.67 2.75 2.63 2.70 2.71 

1% AEP 2.94 3.04 2.90 3.03 3.07 

0.5% AEP 3.34 3.36 3.28 3.51 3.56 

 

  Wonga Beach  Thor nton  
Beach 

Cape 
Tribulation  

Degarra 

  
Design Storm 
Tide 
plus Wave 
Setup (mAHD) 

CRSTIS ID 291 343 364 388 

X-coord 331061 333556 336413 326670 

Y-coord 8192249 8210945 8220830 8239466 

2% AEP 2.64 2.59 2.55 2.41 

1% AEP 2.94 2.77 2.76 2.54 

0.5% AEP 3.38 3.05 2.90 2.62 

 

 

 

 

 

  
 

Oak Beach Pebbly Beach Port Douglas  Cooya Beach Newell Beach 

  
  
Design 
Storm 
Tide 
plus Wave 
Setup 
(mAHD) 

CRSTIS 
ID 

217 221 248 267 273 

X-coord 342596 341832 336495 331474 330323 

Y-coord 8164327 8165968 8175330 8181105 8183540 

2% AEP 1.82 1.92 1.81 1.82 1.88 

1% AEP 2.05 2.15 2.00 2.07 2.13 

0.5% AEP 2.28 2.37 2.23 2.43 2.48 

  
 

Wonga Beach  Thor nton Beach  Cape Tribulation  Degarra  

  
Design 
Storm 
Tide 
plus 
Wave 
Setup 
(mAHD) 

CRSTIS ID 291 343 364 388 

X-coord 331061 333556 336413 326670 

Y-coord 8192249 8210945 8220830 8239466 

2% AEP 1.79 1.83 1.74 1.64 

1% AEP 2.02 1.97 1.89 1.73 

0.5% AEP 2.35 2.21 2.03 1.80 
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4.5 XBeach modelling for natural beach and dune systems 

4.5.1 Approach 

The Douglas sand dunes are relatively low lying, with storm tide levels and wave overwash 
potentially occurring during an extreme event.  To account for these effects, wave runup has been 
simulated over low lying dunes fronting key communities.   This has been applied as a 1D model at 
Oak Beach, Port Douglas, Cooya Beach, Newell Beach and Wonga Beach. Wave boundary 
conditions have been sourced from the nearest CRSTIS output point for 2%, 1%, and 0.5% AEP 
events for present day and 2100 scenarios. These input wave conditions have been input at a shore-
normal orientation for each cross-shore transect, which extends offshore to a depth equal to the 
CRSTIS output point. For the purposes of this study, the effects of erosion and morphological 
change have not been included in the model, nor have the effects of wind on wave-forcing. 

The XBeach "surfbeat" (phase-averaging) mode has been applied. Bathymetry in all models has 
been sourced from the GBR 30m Bathymetry dataset. Beach and dune topography has been 
sourced from the 5m LiDAR.  The model has applied a varying computational grid, from 3m 
(offshore) to 1m (onshore).  This achieves the required model resolution in the nearshore zone 
whilst optimising model run times by increasing offshore grid spacing to the ideal 20-25 cells per 
wavelength.  Models were run for all return period and planning horizons, with a simulation time of 
three-hours to cover the peak tide and surge levels.   

4.5.2 Modelling wave runup 

A virtual wave runup gauge has been applied in the model to record the fluctuations in water level 
at the beach face.  The critical wave runup level has been classified as the height exceeded by 2% 
of the incident waves, or R2%.  For each beach profile and AEP event the "find peaks" method has 
been applied within XBeach, with the minimum distance between peaks set to seven seconds, and 
the minimum prominence (height above adjacent low points) set to 0.02m. Figure 4-7 shows an 
example of the raw output runup signal with extracted peaks and base tidal signal.  Where the peak 
runup has not exceeded the crest of the frontal dune, the R2% has been calculated and shown in 
Table 4-6.  Sensitivity analysis has been conducted on the influence of dune crest height on wave 
runup level, which results showing it is a highly critical parameter.    

 

Figure 4-7:XBeach runup signal for a present day 1% AEP event at Port Douglas, with peaks 
identified and base storm tide signal 

 

Table 4-6:Present day and 2100 R2% runup heights for the frontal dune at key communities. 

  
 

Oak Beach Port 
Douglas  

Cooya 
Beach 

Newell 
Beach 

Wonga 
Beach 

Present 
Day R2% 
(mAHD) 

2% AEP 3.17 3.08 3.07 3.09 2.81 

1% AEP 3.55 3.26 3.16 3.33 3.11 

0.5% AEP 3.55 3.61 3.46 3.59 3.31 

2100 R2% 
(mAHD) 

2% AEP 3.86 3.91 3.69 3.76 3.32 

1% AEP 4.19 4.31 4.08 4.13 3.32 

0.5% AEP 4.49 4.71 4.11 4.61 3.56 
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4.5.3 Modelling wave overtopping 

Where wave runup exceeds the dune crest level, dune overwash will occur.  The XBeach and 
TUFLOW models have been coupled to simulate the flow paths of this overtopped water at the key 
communities of Oak Beach, Port Douglas, Cooya Beach, Newell Beach and Wonga Beach.  

The overtopping results from each beach profile has been used to estimate the overwash volume.  
Overtopping has been extracted as it passes over the peak dune crest level, and saved as a 
discharge timeseries (qx).  This results in a roughly periodic discharge signal as individual waves 
break over the dunes, as shown in Figure 4-8.  A low pass filter has been used to smooth out the 
rate of individual waves, however the total volume of overtopped water conserved throughout the 
storm.  This volume of wave overwash has been applied as a time-averaged discharge into the 
TUFLOW model, rather than the impulsive signal.  

 

Figure 4-8:Impulsive XBeach wave overtopping signal for 2100 0.5% AEP event at Port Douglas.  

4.5.4 Notes on removal of tide only discharge 

For the 2100 future storm tide scenarios at Newell and Wonga beach, the dune crest was shown to 
be overtopped by the storm tide alone (i.e. without waves). As overtopping from tide is already 
considered in the TUFLOW model, the tide-only inflow rate has been removed from the XBeach 
discharge results, to avoid double-counting this volume.  

The rate of discharge (m3/s/m) from overtopping has been applied in the TUFLOW model as an ST 
boundary along the landward sloping side of the frontal dune at each key community. The TUFLOW 
model applies this rate to each grid cell along the inflow boundary. Table 4-7 shows the cumulative 
discharge volumes per linear meter of dune applied during a 3-hour storm period for the key coastal 
communities of Oak Beach, Port Douglas, Cooya Beach, Newell Beach and Wonga Beach. 

Table 4-7:Present day and 2100 cumulative wave overtopping volumes for key communities, per 
linear meter of dune. 

  
 

Oak Beach Port 
Douglas  

Cooya 
Beach 

Newell 
Beach 

Wonga 
Beach 

Present Day 
(m3/m) 

2% AEP 0.0 0.0 0.0 257.7 185.3 

1% AEP 0.3 0.0 0.0 613.1 539.8 

0.5% AEP 14.0 0.0 0.0 1056.0 1078.9 

2100 (m3/m) 2% AEP 121.0 0.7 0.0 1288.7 1277.7 

1% AEP 375.2 30.3 1.4 1611.1 2152.0 

0.5% AEP 865.7 370.9 90.6 2171.7 4302.9 

4.5.5 Overtopping validation 

Maximum water levels for each AEP have been extracted from TUFLOW output grids along the 1D 
cross-section at Wonga Beach. Table 4-8 shows the results of XBeach wave runup compared with 
the maximum water level recorded on the profile in TUFLOW. Across all AEPs and planning 
horizons the overtopping in the coupled XBeach/TUFLOW underpredicts the expected XBeach 
wave runup level.  This can be accounted for by the lack of momentum given to the discharged 
volume in TUFLOW.  The underprediction ranges from -0.03 to -0.27m.  This is considered a trade-
off between having the full spatial representation and mapping from a 2D simulation, versus having 
a 1D simulation for each community.  These differences may be accounted for through a freeboard 
level for any development. 
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Figure 4-9:Site image from Rock wall structure at Rex Smeal Park, showing typical slope and 
approximate rock size distribution. 

 

4.7 Modelling mangroves in XBeach 

4.7.1 Background 

Coastal mangrove forests can significantly reduce incoming wave height and overtopping volumes. 
The complex matrix of mangrove roots and branches has a dissipative effect on incoming wave 
energy. The XBeach model include the effects of wave dampening through submerged and semi-
submerged vegetation and has been used to model wave overtopping of natural beaches fronted 
by mangroves. XBeach treats vegetation as a field of inflexible cylinders and allows inputs for 
density (N), height (ah), diameter (bv), and drag coefficient (Cd) of vegetation. Vegetation fields can 
be modelled as vertical sections (i.e. roots, trunk, branches) with different parameters applied to 
each. Overtopping with dune-fronting mangroves has been modelled or the southern end of 
Bougainvillea Street at Cooya Beach. The mangrove forest has been modelled as a root, trunk, 
branch system and applied as a 100m segment along a 1D beach profile at Bougainvillea St. Table 
4-10 shows the vegetation parameters used in modelling. The recommend parameters for 
mangroves have been used. 

Table 4-10:Vegetation parameters used to simulate mangrove forest in XBeach 

Section  Height  (m)  Drag Diameter  (m)  Density ( #/m)  

Roots 0.5 2 0.05 100 

Trunk 0.8 1 0.15 5 

Branches 1.3 2 0.1 50 

 

Table 4-11 shows the results of cumulative overtopping volumes calculated by XBeach during all 
present-day scenarios. For the purposes of this study, only present-day wave scenarios have been 
modelled. 2100 storm tide levels are projected to exceed the dune crest in this location, with tidal 
flow through mangroves incorporated in the base TUFLOW model. 
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Table 4-11:Present day cumulative wave overtopping volumes for Bougainvillea St., with and 
without mangroves 

 Bougainvillea St. 
South, Cooya Beach  

 
With mangrove  w/o mangrove  % reduction  

Present Day (m3/m) 2% AEP 0.0 103.6 100% 

1% AEP 9.5 330.9 97% 

0.5% AEP 150.3 819.5 82% 

 

 

 

Figure 4-10:The effects of mangrove forest characteristics on wave dissipation, World Bank 
(2016)30 and mangrove parameterisation (Roelvink et al. 2009)31. 

 

 

Figure 4-11:Example of mangroves on a natural beach 

 

 
30 World Bank. (2016). Managing Coasts with Natural Solutions: Guidelines for Measuring and Valuing the Coastal Protection Services 
of Mangroves and Coral Reefs. M. W. Beck and G-M. Lange, editors. Wealth Accounting and the Valuation of Ecosystem Services 
Partnership (WAVES), World Bank, Washington, DC. 
31 Roelvink, D., Reniers, A., Van Dongeren, A., Van Thiel de Vries, J., Lescinski, J. and McCall, R. 2010. XBeach model description 
and manual. Delft University of Technology, User Manual, Delft, The Netherlands 
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Figure 5-1:Graphic representation of defined flood level (DFL) and freeboard.  



 
 

  
2020s1042-JBAP-00-00-RP-HM-0001-A1-C02-Storm Tide Inundation Methodologies Study.docx
  

34 

 

 

6 Summary and Recommendations 
JBPacific were commissioned by Douglas Shire Council (DSC) to investigate new approaches to 
map storm tide inundation for the Queensland coastline.  The project has reviewed a range of 
Australian and international approaches to simulate the combined effect of tides, storm surges and 
waves over different shorelines and vegetation types to produce a best practise approach for the 
Douglas coastline, which can also be applied for other Queensland regions.  Following calculation 
with a detailed storm tide study, a three-step process has been proposed to produce storm tide 
maps:    

1. Assessment of shoreline types, e.g. (i) natural beach and dunes, (ii), wetlands, marshlands 
and estuaries, (iii) rocky outcrops, cliffs and hard structures, and (iv) mangroves. 

2. Undertake a nearshore assessment using different modelling methodologies for coastal and 
vegetation types 

a. XBeach for natural beach and dune systems, 

b. Hydrodynamic modelling for wetlands, marshlands and estuaries 

c. Artificial Neural Network for rocky outcrops, cliffs and hard structures 

d. XBeach for Mangroves 

3. Undertake hydrodynamic modelling to simulate tides, storm tide, setup and 
nearshore/overtopping processes over the foreshore.   

 

This process was followed for the Douglas Coastline, which resulted in seven large-scale 
hydrodynamic modelling domains created, using a combination of tide and storm surge modelling, 
wave setup allowances, and wave inputs which were calculated through separate XBeach and 
Neural Network models.  The peak coastal inundation levels simulated within these integrated 
hydrodynamic models were compared back against detailed XBeach 1D wave runup models, which 
shown an underprediction in peak level of up to -0.3m.  This is due to the loss of momentum when 
the models are coupled.  This is considered a trade-off between having the full spatial representation 
and mapping from a 2D simulation, versus having a 1D simulation for each community.  These 
differences have been considered within a nominal 0.5m freeboard level.   

Storm tide inundation maps have been developed at a lot-specific level, for multiple return periods 
and planning horizons.  The table below shows present day, 1% Annual Exceedance Probability 
(AEP) storm tide levels, including an additional 0.25m for minimum building pad levels and 
additional 0.5m freeboard for finished flood levels. 

  

Table 6-1:Present day storm tide level range for key communities, including 0.5m freeboard 

Locality  Storm tide 
level range 
(present 
day, 1% 
AEP), 
mAHD  

Finished floor 
level (storm 
tide for 
present day, 
1% AEP, plus 
0.5m), mAHD  

Storm tide 
level range 
(2100 0.8m 
SLR, 1% AEP), 
mAHD  

Finished floor 
level (storm tide 
for 2100 0.8m 
SLR, 1% AEP, 
plus 0.5m), 
mAHD 

Pad level for 
2100 0.8m SLR, 
1% AEP 

 
 

Wangetti 0.65 - 2.14 1.15 - 2.64 2.16 - 3.02 2.66 - 3.52 2.41 - 3.27 

Oak Beach 2.01 - 3.73 2.51 - 4.23 2.40 - 3.79 2.90 - 4.29 2.65 - 4.04 

Port 
Douglas 

1.21 - 3.06  1.71 - 3.56  2.66 - 3.08  3.16 - 3.58  2.91 - 3.33 

Cooya 
Beach 

2.13 - 2.64  2.63 - 3.14  2.85 - 3.94  3.35 - 4.44  3.10 - 4.19 

Newell 
Beach 

1.53 - 4.00  2.03 - 4.50  2.34 - 4.08  2.84 - 4.58  2.59 - 4.33 

Wonga 
Beach 

1.56 - 3.10  2.06 - 3.60  1.95 - 3.38  2.45 - 3.88  2.20 - 3.63 

Thorton 
Beach 

1.61 - 2.03 1.11 - 2.53 2.48 - 2.95 2.98 - 3.45 2.73 - 3.20 

Degarra 1.04 - 1.77  1.54 - 2.27  1.28 - 2.62  1.78 - 3.12  1.53 - 2.87 
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7 Appendix A: 1% AEP Storm Tide Mapping 
Degarra Domain Present Day 100yr Depth Map 
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Degarra Domain Future 100yr Depth Map 
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Cape Tribulation Domain Present Day 100yr Depth Map 
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Cape Tribulation Domain Future 100yr Depth Map 
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Thornton Domain Present Day 100yr Depth Map 
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Thornton Domain Future 100yr Depth Map 
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Wonga Domain Present Day 100yr Depth Map 

 


















