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Swell inundation forecast system: observation and 
monitoring
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Wave driven inundation - Fiji

21 May – 25 May 2018



Big wave event: 25th – 28th May 2018



Maui Bay – InfragravityWave overtopping the elevated beach berm on 27th of May

Vatukarasa – Inundation of Queen’s Road from infragravity wave on the 27th of May

Inundation event: 25th – 28th May 2018



Inundation event: 25th – 28th May 2018





Offshore wave buoy observations



Nearshore pressure sensor observations
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Swell inundation forecast system: Offshore wave 
conditions

• Run operationally 4 times daily 00z 06z 12z 18z

• Provide 7 day forecast

Fiji’s downscaled wave forecastGlobal WW III wave forecast



Swell inundation forecast system: Inundation model 
(Xbeach)



Swell inundation forecast system: Inundation model 
(Metamodel)

Statistical distribution of 

historical wave heights



Swell inundation forecast system: Inundation model 
(Metamodel)

Create 10,000 years of artificial wave and 

sea level conditions

Select 500 representative scenarios using MDA



Swell inundation forecast system: Inundation model 
(Metamodel)

Simulate each selected cases 
with Inundation model Hsp1

Hsp2
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Radial Basis Functions 

(RBF)

Select 500 representative 
cases (from 800,000 offshore 

scenarios (Hs, Tp, Dp, WL)

Maximum Dissimilarity 

Algorithm

Dynamic Modelling 

(Xbeach Surfbeat)

Reconstruct Max Water Level and 
inundation depth forecast 

ensembles based on simulations



Dashed line: Offshore 

water level (tide + SL 

anomaly)

Black line: mean water level 

inside the reef (tide, sea 

level anomaly and wave 

setup)

Blue shaded area: max. water level at 

the beach (tide, SL anomaly, wave 

setup, infragravity wave and swell)

(red) 99th percentile

(orange) 95th percentile

(yellow) 90th percentile

http://phpstack-15188-38272-117120.cloudwaysapps.com/Forecast/Maui_Bay-WL.pdf

Automatically generated inundation 

map based on RBF

Swell inundation forecast system: Inundation model 
(Metamodel)

http://phpstack-15188-38272-117120.cloudwaysapps.com/Forecast/Maui_Bay-WL.pdf


Tp

Climate simulations - Hemer et al., 2013. 

Changes in wave climate

CAWCR hindcast - Durrant et al., 2014. 



IPCC, 2019: Summary for Policymakers. In: IPCC Special Report on the Ocean 

and Cryosphere in a Changing Climate

Changes in sea level

Australian Bureau of Meteorology and 

CSIRO (2014) PACCSAP Report.

Inundation map – May 2018

Inundation map – May 2018 (RCP8.5 – 0.84 m SLR)



• Empirical solutions are not suitable for complex fringing reef environments.

• Total runup (IG waves) should be considered in inundation forecast systems/hazard 

assessments.

• Role of IG waves will increase with climate change.

• Meta-models provide a good solution when limited by computational resources.
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Conclusions
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