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Oceanography team

Development of numerical

models
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Coastal Hazards



▪ Wave Height

▪ Wave Period

▪ Wave Direction

Wave Setup

&

Infragravity waves

Inundation drivers



• Local bathymetry

• Local geology & morphology

• Topography

• Tides

• Wind

• Wave conditions: (wave height, direction, 

period)

• Sea level variability (El Niño/La Niña)
Wave driven inundation 

(Wave setup + infragravity waves)

Recorded by a resident of Nanumaga during TC Pam

Coastal vulnerability

Informed decision making:



Local bathymetry

Local geology & 

morphology

Tides

Wind

Wave conditions: (wave 

height, direction, period)

Topography

Sea level variability 

(El Niño/La Niña)

Wave-driven coastal inundation



Operational coastal inundation forecasting 
system for distant-source swells

Regional/Global Wave 

Forecast

Regional/Global Wind 

Forecast

Local Wave Forecast

Mean Level of the Sea Tide Predictions 

Water level Forecast

Run up Forecast

Warning/Forecast

1) NOAA

2) BOM

3) ECMWF

Local tide gauge

Tide model1) Altimetry data (Copernicus)

2) HYCOM (inc. altimetry assimilated)

Real time waves and 

water level



• Geodetic data collection

• Validate vertical reference datum

• Calibrate topography and bathymetry data

• Oceanographic data collection

• Calibrate models 

• Reduce uncertainties

Baseline data collection



Tides



Mean sea level anomaly



Offshore wave conditions

Fiji’s downscaled wave forecastGlobal WW III wave forecast



Dynamical downscaling of global wave models
(UnSWAN)

Tuvalu Tarawa, KIRMI



Historical offshore wave and water level conditions

(m
)



Runup model (XBeach Non-hydrostatic)



Empirical and kernel distributions



Create 10,000 years of synthetic extremes



Create 10,000 years of synthetic extremes



Empirical extreme distributions



Select 500 cases using MDA



Run 500 simulations with XBeach



Train RBF



Use RBF to reconstruct water levels

Hs, Tp, Dir, Sla+Tide

Computation time 

> 5 days

Computation time 

< 1 minute



Hs, Tp, Dir, Sla+Tide

Hazard assessment: Reconstruct 2D water level for 

different ARIs



Forecast system



Long period swell waves with a height exceeding 4m from a SSW direction

Maui Bay forecast:  

Wave period 18s 

Wave height 4m

Outcome: Inundation event May 2018



Dashed line: Offshore 

water level

Black line: mean water level inside 

the reef 

(incl. wave setup)

Blue shaded area: maximum 

water level at the beach

(incl. wave runup)

(red) 99th percentile

(orange) 95th percentile

(yellow) 90th percentile

Outcome: Inundation event May 2018



Outcome: Inundation event May 2018



Outcome: Inundation event May 2018



• SPC collated witness account -

Several villages and hotels along

the coral coast experienced

Inundation.

• Interestingly event was triggered

by a 2.5m wave but at significantly

higher high tide level.

There is a moderate chance that

waves riding onto the high tide can

over wash onto the vegetation

line…. For those using the

Queen’s Road along the coral

coast should remain alert for

occasional over wash of the

roads during high tide

Outcome: Inundation event 7th November 2018
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• Inundation events are compound events

• Wind generated waves are one of the main drivers for coastal 

inundation in the Pacific

• Meta-modelling provides a practical, computationally inexpensive 

way to assess inundation

• Forecast systems for Fiji, Tuvalu, and Kiribati are under 

development

• SPC is currently doing a detailed coastal hazard analysis in 

Majuro, which could be turned into a forecast system (talks with 

PacIOOS to do this are currently ongoing)


