
CTCN Project
Wave Modelling Training



Topics

- Wave models developed

- User Interface Developed

- Discussion: How could this capacity be used in-country?
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Global Wave Climate



1-A) Wave Climate In The Pacific

Mean annual wave height and direction

Source Tom Durant, BOM



REGIONAL WAVE CLIMATE

Mean annual wave height and direction



Nearshore Wave Transformation

• Refraction, Diffraction

• Shoaling

• Breaking

• Infragravity wave generation

1) WAVE

• Basic of waves

• Wave climate in the Pacific

• Wave transformation



WAVE ATLAS REPORTS
http://gsd.spc.int/wacop/

Includes:
• General Wave climate
• Wave climate variability
• Large and Severe Wave
• Extreme Wave
• Wave Energy
• Wind Climate
• Projected Wave Climate

http://gsd.spc.int/wacop/


Nearshore Processes: REFRACTION

REFRACTION,
Tonga, Hapai  group



Nearshore Processes: REFRACTION

REFRACTION,
French Polynesia,
Raivavae Island



Nearshore Processes: DIFFRACTION

Diffraction: 
• Wave hit an obstacle (e.g. emerged/shallow water reef) or travels through a small gap (e.g. in-between two islands)
• Wave energy is transferred laterally along the wave crest
• Important for ports, harbor designs



Rotuma

American Samoa

French 
Polynesia

Pacific Islands examples 
of Diffraction

NEARSHORE PROCESSES: 
DIFFRACTION



Shoaling and breaking in Tavarua, Fiji

Nearshore Processes: 
SHOALING & BREAKING



Deep Water 
h >> L

Breaking

Infragravity wave

Nearshore Processes: 
Wave Transformation



Modern wave models
• Phase resolving

• Boussinesq, Non-hydrostatic, SPH… (form of hydrodynamics models)
• Good for very local problems (e.g. Harbour design)

• Phase averaging
• Based on the wave action balance
• Wave Watch 3, SWAN
• Good at a lot of scales
• Computationally efficient 
• good for forecasts



How do we define wave height?



Significant wave height (𝐻𝑠 or 𝐻1
3
)

𝐻𝑠 = Average of the 1/3 largest measured waves

Significant wave height 𝐻𝑠
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Matches a human‘s perception
of the sea state



Wave 
Models for 
training 
purposes

Country Models Grid Size

RMI
National 2km
Majuro 450m

Palau
National 2km
Area A 500m
Area B 500m

Kiribati
Sub Regiomal Tarawa 2km
Sub Regiomal Kirimati 2km

Tarawa 100m
Kirimati 500m

Solomon
National 2km
Honiara 250m

Gizo 250m



Global to local information
Coarse resolution: 10s of kms

Fine resolution: 100s of metres
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Swan Wave Model
Graphical user interface - manual



Wave model (SWAN) GUI

1. Easy to install: Executable (.exe)

2. Organised through a fixed folder structure



Wave model (SWAN) GUI

• The GUI supports the importing of a maximum of two bathymetry 
datasets (with identical projection), a global and a high resolution 
datasets. 

• Load Coastlines

• Flexible computational domain, Automated nesting capability.



Wave model (SWAN) GUI

• Define wave boundary conditions for each side 
of the general grid 
• Hs: significant wave height
• Tp: Peak period
• Dir: Mean direction

• Define constant wind
• Speed
• Direction

• Run SWAN button: Use to start the model run



Wave model (SWAN) GUI

• Plot result general button: Use to plot the 
result from the general wave model as a 2D 
map of the wave height and direction. 

• Plot result nested button: Use to plot the result 
from the HR wave model as a 2D map of the 
wave height and direction. 

• The colorbar can be adjusted (Caxis) to better 
represent wave gradients in the area of interest.

• The result can be exported as …



RMI
National Scale

Island Scale

Island Scale

Palau

Island Scale



Solomon(Honiara)
National Scale

Guadalcanal/Honiara

Island Scale



Kiribati (Tarawa)
National Scale (Gilbert Islands) Island Scale



How could this tools and capacity be used:
- In your country? 
- In your line of work? 
- In upcoming projects?



Recap

• Under the CTCN project, the project team produced a flexible user 
interface to easily develop wave models and see the results

• The GUI was used to create national and island scale wave models 
for the participating countries 

• Wave models can be improved as better baseline data are made 
available



WAVE MODEL TUTORIAL
INTRODUCTION TO WAVE MODELLING



MODERN WAVE MODELS

• Phase resolving

• Boussinesq, Non-hydrostatic, SPH… (form of hydrodynamics models)
• Good for very local problems (e.g. Harbour design)

• Phase averaging

• Based on the wave action balance

• Wave Watch 3, SWAN

• Good at a lot of scales

• Computationally efficient 

• good for forecasts



How do we define wave height?



Significant wave height (𝐻𝑠 or 𝐻1
3
)

𝐻𝑠 = Average of the 1/3 largest measured waves

Significant wave height 𝐻𝑠
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Hmax > 8 m

Case Study: May 2018 Wave event



Beaufort scale (1838)

www.weather.gov/pqr/beaufort

Example:

What is the wave height
if the wind speed is 20 
knots?



Sverdrup-Munk-Bretschneider Nomogram (1952)

https://oceanservice.noaa.gov/education/lessons

W
ave height (feet)

Example:

What is the wave height if the wind 
speed is 20 knots and the wind fetch is
500 nmi?

https://oceanservice.noaa.gov/education/lessons


154

Manual Wave Forecasting Diagram
(Gröen and Dorrestein, 1976)

~2.2 m

Example:

What is the wave height and 
period if the wind speed is 20 
knots and the wind fetch is 100 
nmi?

~5.8 s

Wind speed:
~20 knots

Fetch: ~100 nmi



Excercise

Predict the wave heights (and if possible wave periods) in Fiji for tomorrow 12 pm, using 
Windy.com and the following tool:

a) the Beaufort Scale

b) the Sverdrup-Munk-Bretschneider Nomogram

c) the manual wave forecasting diagram

Hint: You can use windy.com and the distance tool.

How do your predictions differ from the windy.com wave forecast?



MAGICSEAWEED.COM

17



WINDGURU.CZ

18



WINDY.COM

19



FNMOC20
https://www.usno.navy.mil/FNMOC



SURF-FORECAST.COM

21
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ADVANCED SWAN 
MODELLING



• We have run stationary scenarios.

• Shouldn’t be applied to big domains, when the dimension of the domain is 
so big that waves take more than 30 min to 1 hour to travel from the 

boundaries to our target area is (i.e. <<50-100 Km)

• When waves and winds are changing quickly.

• Wave boundaries have been defined by means of bulk 

parameters

• Not valid when we have more than 1 wave system *(i.e. south swell + wind 

waves)

• Critical to model wave inundation

• Wind conditions are spatially constant

• Not applicable to big domains where winds changes substantially

• Tropical cyclones

OVERVIEW

So far we have used a friendly easy to use GUI to set up basic SWAN model configuration 



SWAN USER MANUAL



STATIONARY vs. NONSTATIONARY

• Stationary runs are used to analyse how certain wave conditions will propagate under a given bathymetry (engineering applications)

• For wave forecast, non-stationary is more convenient as we are interested in resolving large domains with no steady boundary conditions 



BULK PARAMETERS vs. WAVE SPECTRA

How you would define the waves approaching to the coast in this image?

Hs1,Tp1,Dir1 Hs2,Tp2,Dir2
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BULK PARAMETERS vs. WAVE SPECTRA

• The sea surface at any time can be approximated to a summation of a number of waves trains coming from different wave periods and directions

• The wave spectra tell us how the wave energy is distributed on the frequency (wave periods) and direction domain.   



BULK PARAMETERS vs. WAVE SPECTRA

• The wave spectrum can tell us a lot of what is happening around (in term of atmospheric conditions)



VARIABLE WIND CONDITIONS

• Examples of highly variable winds



HANDS ON, MODELLING CYCLONE HAROLD WAVES IN FIJI



HANDS ON, MODELLING CYCLONE HAROLD WAVES IN FIJI

1. Generate a folder inside runs named Harold

2. Load  Gebco_2020_Fiji_500m.xyz in the 

SWAN_GUI

3. Draw a grid covering as much as possible

4. Define a resolution of 0.005 degrees ~ 5 Km

5. Define wave/wind boundary conditions and run 

SWAN



HANDS ON, MODELLING CYCLONE HAROLD WAVES IN FIJI

1. Go into Harold/Winston folder and open general.swn with a text editor and edit the following lines

MODE NONSTAT
SET level=0 NAUTICAL
COORDINATES SPHERICAL CCM

MODE NONSTAT tells the model to run in nonstationary



HANDS ON, MODELLING CYCLONE HAROLD WAVES IN FIJI

INPgrid WIND REG 175.0 -21.0 0 159 139 0.05 0.05 NONSTAT 20200406.190000 300 SEC 
20200410.000000
READINP  WIND 1 'Harold_winds.dat' 3  FREE

INPgrid command defines the domain of the wind field, 

the resolution and the  duration of the time and the time 

interval the windfields are given (300 sec)

READIN WIND tells SWAN the name of the file where 

the winds are contained and how to read that file 



HANDS ON, MODELLING CYCLONE HAROLD WAVES IN FIJI

Delete all these lines as no wave boundary conditions 

will be used to simulate the cyclones



HANDS ON, MODELLING CYCLONE HAROLD WAVES IN FIJI

BLOCK 'COMPGRID' NOHEAD 'general_grid.mat' LAY 3 XP YP DEP HSIGN TM02 RTP DIR 
OUTPUT 20200406.200000 1.0 HR

BLOCK ‘COMGRID’ tells SWAN to save the results in 
the whole computational grid, the name of the file 

containing the results, the variables to save, the starting 

time and the time interval



HANDS ON, MODELLING CYCLONE WINSTON AND HAROLD WAVES IN FIJI

COMPUTE NONSTAT,  tells SWAN to run in 

nonstationary mode from the starting date, each 1800 sec 

to the final date

Times here are for Harold, for Winston use:

XXX

COMPUTE NONSTAT 20200406.200000 1800 SEC 20200410.000000



HANDS ON, MODELLING CYCLONE WINSTON AND HAROLD WAVES IN FIJI

Run SWAN from the cmd

1. Open Command Prompt 2. Go to your directory



HANDS ON, MODELLING CYCLONE WINSTON AND HAROLD WAVES IN FIJI

Run SWAN from the cmd

swanrun general



HANDS ON, MODELLING CYCLONE WINSTON AND HAROLD WAVES IN FIJI

Run SWAN_GUI_FMS_Installer_web.exe inside the GUI folder and plot the results

- Arrows size and density can be modified

- Set up maximum Hs

- Figures can be exported
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SPC’S TC HAROLD WAVE 
AND STORM SURGE 

MODEL



TC HAROLD

- On April 2020, TC Harold caused widespread destruction In 
Solomon, Vanuatu, Fiji and Tonga 

- Max sustained winds of 220 Km/h and gust of 270 Km/h  

OBJECTIVES

- Provide reliable information to the post disaster field survey team
about the areas most affected in terms of winds, waves and storm
surge

- Demonstrate that the state of the art technologies to build up
impact based forecast system for TC are available in the region



What input do we need to build an accurate storm surge and wave model?

- Best possible bathymetry and topography

- Astronomical tide forecast

- Mean sea level forecast

- A reliable track forecast:

- Position

- Intensity (wind and pressure)

- Size (radius of maximum winds)



SPC’s storm surge and wave model, what is different from other models?

• Coupled ADCIRC+SWAN model : all dynamics are run together, hydrodynamics + waves 

• ADCIRC+SWAN is the models used in the US territories (including the Caribbean) to forecast coastal 
inundation

• It works in non-structured mesh so resolution is variable doing the model highly efficient:

• coarse resolution in open ocean
• Super high resolution on the coast: better  to resolve complex coast forms and small islands

• It is parallelizable: good computational times

• It resolves inundation overland if good topography is provided

• It resolves the wave set up but not the infragravity waves!!!! Empirical formulation can be used to estimate this 
part of the inundation process in reef fronted coasts



SPC’s storm surge and wave model
SRTM_15_PLUS 

- Contains 180.340 nodes
- Covers 3.400 Km in longitude by 1.970 in latitude
- Resolution ranges from 15 Km in the deep ocean to 300-

500 m along the coasts of Vanuatu, Fiji and Tonga



SPC’s storm surge and wave model

Parametric WIND model

TC wind fields can be reproduced with relatively easy parametric models: 

• Track: longitude, latitude

• Maximum wind 

• Minimum pressure

• Size: radius of maximum winds, Rmax

• Rmax for each quadrant



SPC’s storm surge and wave model

Validation of water levels with tide gauges



SPC’s storm surge and wave model

Validation of waves with satellite and wave buoy

KOMAVE (CIFDP)



SPC’s storm surge and wave model

Validation of inundation with high water marks

𝑅2 = 0.73𝛽𝑓 𝐻0𝐿0 ൗ1 2



SPC’s storm surge and wave model



Other examples, Tarawa inundation forecast (CREWS):

- SPC developed an innovative inundation warning system for Tarawa

- Tailored to areas with poor baseline data

- Could be applicable to national scale inundation early warning systems



Next steps to build up an operational storm surge and wave model:

- SPC is eager to support FMS TC warning activities for the upcoming season

- Need to discuss about the data needed to run the model and what FMS needs as a product

- Medium term activities:

- Improve baseline data:  beach profiles, reef geomorphology

- Possibility if coupling of CIFDP inundation forecast system

- Possibility of improving with machine learning algorithms

- Possibility to increase resolution in flood prone areas (Nadi bay) 

- Extend the model to all countries under FMS area of responsibility
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SWAN WAVE MODEL
GRAPHICAL USER INTERFACE - MANUAL



INSTALLATION STEPS

1. Unzip and copy the SWAN_GUI to your PC, path needs to be without spaces.

2. Install Matlab Runtime inside GUI folder: SWAN_GUI_Installer_web.exe (needs 
internet connection, it may take some time) or SWAN_GUI_Installer_mcr.zip

3. Open SWAN GUI: SWAN_GUI.exe



STEP1: Create your working environment

1. Create/choose a folder where a SWAN simulation will be run. It is desirable to run each case in a different 
folder within the run folder



STEP2: Load your bathymetry data

• The GUI supports the importing of a maximum of two bathymetry datasets (with 
identical projection), a global and a high resolution datasets. At least one 
bathymetry file must be imported to run the wave model. 

• Bathymetry file (file extension *.xyz) is a three column file formatted as 
follow:

x/Lon/Easting, y/Lat/Northing, depth (positive)
Note that file is comma delimited with no header

• The bathymetry files should be located in the folder named bathymetries (it 
will be easy to find them).

• Load general bathymetry button: Use to load the coarse bathymetry. It is also 
used to load HR bathymetry file if only one bathymetry file is loaded.

• Load general Bathymetry button: Use to load the HR bathymetry if a general 
bathymetry file (coarser) was already provided. If loaded, the HR bathymetry is 
highlighted by a red bounding box in the GUI.

• Load coastline button: Use to import coastline into the GUI. The software can 
read 2 common coastline file format: shapefile polygon or polyline as exported 
from QGIS.

Example of the 
bathymetry file



Nesting: In order to gain efficiency, it is convenient to first propagate the waves 
towards the study site using a coarse grid. The waves from the coarse grid are then 
fed into the higher resolution grid (or nested grid) covering the area of interest 
where accuracy is most needed.

Draw the general grid button: Use to define the extent of the general 
grid/computational domain.

• Press the Draw general grid button and drag over the desired area.
• The grid can be refined using the following parameters:

• Origin (X0,Y0)
• Grid Spacing / resolution (dx,dy)
• Number of Cells in x and Y directions (nx, ny) 

• Note that the general grid can be generated without the need of using the 
free hand tool but by simply defining it numerically. In this example dx and 
dy have been set to 0,01 degrees (about 1 Km over the 3 Gilbert Islands) 
obtaining 135 cells in X and 155 in Y directions.

STEP3: Define your computational domain



STEP3: Define the nested computational domain

• Draw nested grid button: Use to define the extent of the HR grid/HR computational domain. Define the HR 
grid resolution as a subdivision of the general grid (ndx and ndy). In this case it is set to 5 so that HR grid for 
Tarawa is 250m resolution (1km/5)

• Note that the colour scale can be modified (caxis) to better inspect the bathymetry dataset. 



STEP4: Define the wave and/or wind forcing

• Define wave boundary conditions for each side 
of the general grid 
• Hs: significant wave height
• Tp: Peak period
• Dir: Mean direction

• Define constant wind
• Speed
• Direction

• Run SWAN button: Use to start the model run



STEP5: Investigate the model output

• Plot result general button: Use to plot the 
result from the general wave model as a 2D 
map of the wave height and direction. 

• Plot result nested button: Use to plot the 
result from the HR wave model as a 2D map of 
the wave height and direction. 

• The colour scale  can be adjusted (caxis) to 
better represent wave gradients in the area of 
interest.

• The result can be exported as …



Tips: Run a new scenario

• For each new case, it is recommended to create a new folder using the Choose folder button. 
In the below example, 2 scenarios are run using different folder.



Exploring SWAN files for advanced user 

• In each folder a set of files are generated, this files can be used to further improve the simulation with more 
sophisticated settings (i.e. variable boundary conditions, non-stationary runs, etc.)

Figure Hs map

Nested grid boundary conditions

SWAN initialization

Normal SWAN termination

SWAN configuration files

Results

SWAN executable

Bathymetry files

SWAN bat file



Exploring SWAN files for advanced user 

• The SWAN configuration files (*.swn) can be modified to change the model forcing, physics or outputs. For this task is 
recommended checking the SWAN User Manual inside the swan_manual folder

Project name and run

General settings

Computational domain

Bathymetry

Wind forcing

Wave forcing

Physics

Nesting

Lockup commands
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