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Study Area

Hickey et al., 2020

- Samoa and Tonga are 2 out of the 58 Small Island 
Developing States (SIDS)

- Low Computational Resources

Samoa

Tongatapu



Introduction

Pacific Resilience Project (PREP I).
Impact Forecasting Consultancy in Samoa and Tonga



Hybrid Models

Strengths:

• Fast prediction HR results
• Low computational resources
• Any climate (regular, extreme, TC)
• High Fidelity Numerical Models
• Probabilistic

Hybrid Models

Metamodel Additive Model

Combination of High Fidelity 
Hydrodynamic Models + Data 

Science

Linear summation of the physical 
processes + High Fidelity 

Hydrodynamic Models
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TC Track

Tracks from JTWC

UNCERTAINTY CONE
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ShyTCWaves

Regional Waves

TC track

Type of Hybrid model:                          Metamodel

Numerical model:                                   Swan

Number of numerical simulations:    5000

Spatial Resolution:                                 15 Km

segment 1

Track duration 42h

42h

segment N

6h24h

track

········

Real storm set-up

Stop-motion set-up

segment 2

Warm-up Segment Propagation

Wind forcing No wind forcing

Wind forcing No wind forcing
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ShyTCWaves



ShyTCWaves



ShyTCWaves

ShyTCWaves (van Vloten et al., Submitted)

Regional Waves
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ESTELA, Perez et al., 2014
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Super-Point

Super-Point - Cagigal et al., 20217 days GFS-Wave Forecast , NOAA
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Super-PointRegional Waves

Points Selection

Evan 2012

Super-Point
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BinWaves

Energy Spectral 
Aggregation

Local Waves

Type of Hybrid model:                          Additive Model

Numerical model:                                   SWAN

Number of numerical simulations:    696

Spatial Resolution:                                 250m

Split the spectra into Energy “bins” 
characterized by one frequency and 
one direction to obtain Propagation 

Coefficients (Kp)

Cagigal et al., in prep.
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BinWaves



BinWaves

BinWaves (Cagigal et al., Submitted)

Local Waves
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Local Waves

Wave SetUp + 
Infragravity Waves

HyBeat

Type of Hybrid model:                          Metamodel

Numerical model:                                   Xbeach - SurfBeat

Number of numerical simulations:    100/Mesh

Spatial Resolution:                                 ~ 5/10 m

Pérez-Díaz et al., in prep.



HyBeat

Run Library of cases with XBeach

Selection of Representative Cases

PCA Analysis

Spatial Reconstruction of Mean Wave 
SetUp and Infragravity Waves



HyBeat

High Resolution Wave SetUp + IG
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Type of Hybrid model:                          Metamodel

Numerical model:                                   Lisflood - FP

Number of numerical simulations:    50/Transect

Spatial Resolution:                                 5 m

HyFlood

Wave SetUp + 
Infragravity Waves

Flooding Depths



HyFlood

Run Library of cases with Lisflood-FP

Selection of Representative Cases

Spatial Reconstruction of Flooding Extents

Time
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TWL = AT + SS + η + ηIG

𝐻𝐻𝑊𝐻𝑇
𝒁𝒎𝒂𝒙

𝒂𝑰𝑮



HyFlood

HyFlood

High Resolution Flooding
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Riskscape

Developed by 
NIWA, NZ

Open-source 
spatial data 
processing 

application used 
for multi-hazard 

risk analysis

Hazard Layer Exposure Layers and Damage Functions



Riskscape

Exposure layers 
and damage 

functions

Model to cross 
exposure and 
hazard layers



Thank you

laura.cagigal@unican.es
https://geoocean.unican.es/



Validation- BinWaves

Tongatapu



Validation- BinWaves

Samoa



Validation- HyBeat

Reconstruction
(RBF)



Validation- ShyTCWaves
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TC OFA (1990)
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Validation- ShyTCWaves

Without calibration
With calibration

Hs satellite (m)
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Longitudinal profiles ( Y-axis [0-20m] )

QQplot

Hs along profiles Calibration

dP = f(Pmin)

(*) IMOS 
satellite 
altimeter



Validation- GreenSurge

Harold 2020



Validation- GreenSurge
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