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Societal 
Challenge

Globally:
➢ 1.8bn people (1-in-4) exposed

Floods are the costliest and most pervasive 
natural hazard

September 2023
July 2021

October  2024
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Societal 
Challenge In Ireland:

➢ 750,000 people 
➢ 300+ communities

Floods are the costliest and most pervasive 
natural hazard

Storm Betty - August 2023 Storm Babet - October 2023 Storm Debi- November 2023

November 2009
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Societal 
Challenge

Globally:
➢ 1.8bn people (1-in-4) exposed

In Ireland:
➢ 750,000 people 
➢ 300+ communities

Floods are the costliest and most pervasive 
natural hazard

September 2023

October 2023
“We can’t keep building our way out of 

trouble” 

Climate adaptation + impact mitigation=
Hard & soft engineering+

early warning 

Perfect storm → imperfect flood defences
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Motivation Compound events are combinations of drivers and/or 

hazards that contribute to societal or environmental risk and 
impact

Bevacqua et al. 2022 Bevacqua et al. 2019

Floods are tricky to forecast!
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Motivation

Coastal driver

Fluvial driver

Coastal-fluvial flooding
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Motivation

Coastal driver

Fluvial driver

Coastal-fluvial flooding
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Methodology



University
ofGalway.ieUniversity
ofGalway.ie

1. Statistical 
model

How do we determine coastal flood risks?

Flood risk assessment:

• Dependencies

• Interactions

• Marginal RPs

• Joint Probabilities 
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Need to consider a range of scenarios2.Hydrodynamic 
Model 

C
D

How do we determine coastal flood risks?

Flood risk assessment:

• Dependencies

• Interactions

• Marginal RPs

• Joint Probabilities 
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1. NE Atlantic 

~5km

2. Cork Harbour 

90m

4. Cork County 6m

2.Hydrodynamic 
Model 3. Lough Mahon 30m

5. Cork City 2m

MPIOM → POM→MNS_Flood
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Coastal-fluvial flooding
2.Hydrodynamic 

Model 

Flood mapping:
• Water depth
• Inundation area
• Flood evolution
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4. Earth Observation 
Flood detection
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4. Earth Observation 

October 2023:

February 2021:

October 2016:

Flood detection 
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Machine learning 

models

Machine learning 

algorithms

1. Artificial Neural Network (ANN)
2. Decision Tree (DT)
3. Gaussian Process Regression (GPR)
4. Linear Regression (LR)
5. Radial Basis Function (RBF)
6. Support Vector Machine (SVM)
7. Support Vector Regression (SVR)
8. LSTM
9. GRU
10. RNN

Real-time compound flood 

forecasts: 

water level/ extent maps

Target flood 

depth data

Advanced Compound Flood Forecasting Using a Machine Learning Approach

Hydrodynamic model

Tidal water levels for 
the coastal part

River Lee flow data 
for the fluvial part

Performance 

evaluation of the 

projections
Model validation: OPW data and 

historical flood maps from satellite 
data (Earth Observation)

Multi-criteria 

decision making 

18

Input data

1. Pmsl- Pressure above mean sea level
2. rh2- Relative humidity
3. sm- Soil moisture content
4. st- Surface temperature
5. t2- Temperature above ground
6. tp- Total precipitation
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Model results and system architecture 
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3. Machine 
learning 
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Solution

Hydrody
namics

Machine 
learning

Forecast

Impact 

Statistics

Local scale decision-support system for flood management 

How we determine coastal flood risks? 
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5. Decision making
Dashboard (alpha )
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5. Decision making
Dashboard (alpha )
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Flood forecasting

Societal Impacts 

Forecasting

• Better preparedness by LAs and 
communities

• Increased confidence in forecast

Decision-
making

• Reduction of false alarms

• Flood prevention

Management

• Better allocation of resources 

• Damage reduction

• Reduction in emotional stress

Three-model system can improve flood 
resilience and wellbeing of at-risk communities 

Middleton, Co. Cork, Oct 2023

Hydrody
namics

Machine 
learning

Forecast

Impact 

Statistics
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Indiana.Olbert@universityofgalway.ie

Thank you
4
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