
Hybrid spectral downscaling and climate-driven variability of 

multimodal wave systems in the Gulf of Panama

Presenter: Ruby Vallarino-Castillo

Position: PhD Candidate

Institution: Universidad Politécnica de Madrid

 

Gulf of Panama, is 

a semi-enclosed 

tropical basin in 

Central America

Beaches experience 

shoreline erosion of 

up to 2.0 m per year

MOTIVATION & RESEARCH GAP

For the Gulf of Panama, an offshore wave-

climate baseline already exists (points), but it 

is still unclear how the main incoming wave 

systems propagate, transform, and reorganize 

inside the basin at long-term spectral scale.
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• Reconstructed long-term frequency–

direction wave spectra inside the Gulf 

of Panama using a hybrid metamodel 

framework.

• Combined offshore swell propagation 

(BinWaves) and regional wind-sea 

reconstruction (HyXSeaSpec).

• Applied K-means + EOF/PCA to 

identify seasonal spectral microregions.

• Applied spectral partitioning to track 

wave-system persistence and 

transformation across the basin.

¿WHAT WE DID?



• Dry season: stronger imprint of northerly 

wind sea over a persistent S–SW swell 

background.

• Wet season: stronger southern-sector forcing, 

with S–SW swell and wind sea dominating the 

basin.

MAIN FINDINGS + IMPLICATIONS

The Gulf of Panama does not simply attenuate offshore 

wave forcing: the dominant wave families (i.e., wave 

systems) entering the basin are progressively transformed 

toward the coast through directional reorientation, 

selective filtering, and spectral reorganization.

• Coastal response is controlled not only by 

wave-energy magnitude, but also by the

spectral 

configuration 

of the wave 

field 

reaching the 

shoreline.
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