
Tropical Cyclones are 
impacting Africa

Physical Impacts: Wind, Rainfall, 
Waves, Surge, Flooding

Socieconomical Impacts: Casualties, 
Destruction of infrastructures, 
economical damage
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Forecasting of Tropical Cyclones (wind, waves, surge, rainfall, flooding) is needed for an 
efficient Early Warning System

The track and intensity of a TC is uncertain. It is needed to consider an 
ensemble of plausible tracks to forecast probabilistically

Probability of intensity landfall point



Traditional Methods for computation of these variables are too heavy computationally

Example: Grid in Vanuatu, 40 million of nodes
1 simulation of waves and surge: 10 hours in 192 cores

Snapshot of simulation of waves due to a tropical cycloneUnstructured Grid for SCHISM – Vanuatu (cell sizes between 1 km and 10 m)



Hybrid Probabilistic approach: fast and allows an estimation of uncertainty

• Fast (less than 1hr)
• Low Computational Resources (one desktop computer)
• Open source
• Waves / Surge / Tide / Rainfall / Wind / Flooding / Impacts
• Probabilistic (x N simulations) based on Joint Typhoon Warning 

Center Tracks
• Hybrid Models / Surrogate Models / Meta Models
• Combination of High Fidelity Hydrodynamic Models + Data Science

Data mining for 
selecting cases

Library of pre-run 
cases

Hybrid 
Reconstruction

Example of Waves Metamodeling:  Regional and Local Scale using SWAN
Automatic definition of unstructed grid and forcing for storm 
surge using Delft3DFM



SHyTCWaves + BinWaves

TC Evan 2012



Our experience: Research
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• Great Barrier Reef (Univ. Sydney)
• Vanuatu (CSIRO)
• Republic of Marshall Islands (SPC, USGS, NOAA, OSU)
• Hawaii, Guam, Gulf of Mexico (NOAA, USGS, Scripps, OSU)
• New Zealand (Univ. Auckland)
• Carolinas, USA (Duke University)

Our experience: Research Projects – Modeling TC-induced waves and storm surge



• Probabilistic Forecast of Storm Surge Levels 
• Probabilistic Forecast of Waves at Regional Scale
• Probabilistic Forecast of Waves at Local Scale
• Probabilistic Forecast of Total Water Level at Local Scale
• Probabilistic Forecast of Flooding Extents at High Resolution
• Seasonal Outlook of Tropical Cyclone Activity (1 to 6 months)
• Training 

Our experience: Pacific Resilience Project (PREP I).  Impact Forecasting Consultancy in Tonga and Samoa
2-year project funded by World Bank, managed by Pacific Community (SPC)



Our experience: Pacific Resilience Project (PREP I).  Impact Forecasting Consultancy in Tonga and Samoa
2-year project funded by World Bank, managed by Pacific Community (SPC)

1. Downloading Tracks from JTWC

3. TC-induced Waves at Regional Scale

2. TC-induced Storm Surge Levels

4. TC-induced Waves at Local Scale 5. Probabilistic forecast of Waves (Hs>8m)

6. Forecast of Total Water Level



Jupyter Books

• HTML
• PDF

Run in One Desktop Computer:
• Jupyter Notebooks
• Dashboard to visualize the results



Dashboard for visualizing the operational system. Short-term forecast



Dashboard for visualizing the operational system. Seasonal forecast of TC activity



Impact-based forecast: Example of Exposure layers in Tongatapu (Tonga) for the



Example of Damages due to Rainfall, Wind and Coastal flooding in Tongatapu (Tonga) for TC Gita



Example of TC-induced coastal flooding map + economical impact

COASTAL FLOODING DAMAGE



Our experience: Pacific Resilience Project (PREP I).  Impact Forecasting Consultancy in Tonga and Samoa
2-year project funded by World Bank, managed by Pacific Community (SPC)

(Seasonal Outlook of Tropical Cyclone Activity, 1 to 6 months) Early Warning Center in Apia (Samoa)



Local Engagement, Capacity Building and Knowledge Transfer to Local Met Services



Fernando Méndez: fernando.mendez@unican.es
Sonia Castanedo: sonia.castanedo@unican.es 

Contact Information

https://geoocean.unican.es/

mailto:fernando.mendez@unican.es
mailto:sonia.castanedo@unican.es


GreenSurge
Green-based Hybrid modelling of TC-induced Storm Surge

Methodology
Under linear dynamics framework

Wind forcing
partition
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TC Haroid (2020)



Validation. Tide gauge
Green-based Hybrid modelling of TCs-induced Storm Surge

Reconstruction of Harold 2020SS = IB + WindSetup-GS

Dynamic simulation
GreenSurge
TG



Numerical Validation
Green-based Hybrid modelling of TCs-induced Storm Surge

Reconstruction of Harold 2020



Van Vloten et al (2023)

SHyTCWaves Summation of the effects of 6-hour segments
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SHyTCWaves
NUMERICAL 
MODELING
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Camus et al. (2011)

TC track

WAVE FIELD

Van Vloten et al (2023)



SHyTCWaves
Van Vloten et al (2023)



BinWaves

Summation of of energies of 
each bin of direction and 
frequency

Cagigal et al (2023)



SHyTCWaves + BinWaves

Evan 2012
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