
Response-Based Risk Assessment of Tropical Cyclone 
induced coastal flooding due to Storm Surge and Waves

Pablo Alonso-Alguacil1, Beatriz Pérez-Díaz1, Alba Ricondo2, Laura Cagigal1, 
Fernando Méndez1, Sonia Castanedo1

1. Universidad de Cantabria, Santander, Spain
2. Oregon State University, Corvallis, USA



05/10/2025 Introduction 2

Motivation

Develop a probabilistic response-based framework to assess TC flood risk

Traditionally, we design structures to 
withstand a 100-year RP event

But reality is more complex than the 
univariate case
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Develop a probabilistic response-based framework to assess TC flood risk

Traditionally, we design structures to 
withstand a 100-year RP event

But reality is more complex than the 
univariate case

Gouldby et al., 2017 - Multivariate extreme value modelling 
of sea conditions around the coast of England

Gori et al., 2020 - Tropical Cyclone Compound Flood Hazard Assessment: 
From Investigating Drivers to Quantifying Extreme Water Levels



05/10/2025 Introduction 4

Study Site

Nakajo et al., 2014

PCRAFI 2013
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Methodology

Tropical Cyclone Emulator

Synthetic Chronology 
of TC Categories

Random Sampling of TC tracks
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How many events do we 
need to simulate to 

characterize the risk and 
how do we choose them ?

Risk Assessment
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Proxy

The offshore Total Water Level as 
an indicator of the event severity

𝑻𝑾𝑳 = 𝑆𝑆 + 0,2 ∗ 𝐻𝑠𝑻𝑾𝑳 = 𝑆𝑆 + 0,2 ∗ 𝐻𝑠 + 𝐴𝑇 + 𝑀𝑀𝑆𝐿 



05/10/2025 Introduction 7

Proxy

The offshore Total Water Level as 
an indicator of the event severity

𝑻𝑾𝑳 = 𝑆𝑆 + 0,2 ∗ 𝐻𝑠𝑻𝑾𝑳 = 𝑆𝑆 + 0,2 ∗ 𝐻𝑠 + 𝐴𝑇 + 𝑀𝑀𝑆𝐿 



05/10/2025 Introduction 8

Methodology

1. Tropical Cyclone Emulator

Synthetic Chronology of TC Categories

Random Sampling of TC tracks
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5. Risk Assessment2. Offshore Hydrodynamics

4. Nearshore hydrodynamics3. Event Selection
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Emulator
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Synthetic Chronology 
of TC Categories

𝑻𝑾𝑳 = 𝑆𝑆 + 0,2 ∗ 𝐻𝑠 + 𝐴𝑇 + 𝑀𝑀𝑆𝐿
TC Dependent
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Offshore 
Hydrodynamics
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BinWaves

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)

Energy Spectral 
Aggregation
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Annual Maxima

0 5 0 0 0 2 0 0 0 1 0 0 0

Synthetic Chronology 
of TC Categories
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Clustering

MDA + K-Means
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Nearshore 
Hydrodynamics

4. TC-Induced Flooding

Wave Set-up

IG Wave
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5. Risk Assessment
Economic Losses Exposure and Vulnerability

RiskScape

Zornoza-Aguado et al - 2024RiskScape

Paulik et al - 2023
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Cluster 
Representatives
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Cluster 
Representatives
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Risk Assessment
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Cluster Results
Clustering Algorithm Runs
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Cluster Results
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Cluster Results
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Beta Theory
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Beta Theory
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Beta Results
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Future Steps
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