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Motivation

Coastal impacts

March 2014. Somo Beach (Cantabria)

¿How coastal dynamics will change under 
future climate scenarios?

August 2025. Caños de Meca Beach (Cadiz)
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Motivation
Offshore multimodal 

wave conditions

Bulk parameters:

 Hs = 2.5 m
 Tp = 13 s
 Dir = 75º

Wave spectrum:

 𝑆 (𝑓, 𝜃)

Coastal impacts



Motivation

Coastal variability

Offshore multimodal 
wave conditions

Coastal impacts
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Coastal variability



Motivation

From bulk to spectra

Forcing resolution correction

Bias correction



Objectives

PROBABILISTIC RECONSTRUCTION 
OF WAVE SPECTRAL SHAPE

HYBRID DOWNSCALING 
 “BinWaves” Cagigal et al. 2024

FORCING RESOLUTION 
ADJUSTMENT

WAVES PROJECTIONS BIAS 
ADJUSTMENT

1. Reconstruct the spectral shape from bulk parameters
2. Forcing resolution and Bias correction
3. Hybrid downscaling to coast
4. Example in the Cantabrian coast

Example in the Cantabrian Coast

“Fast way to bring high-resolution 
climate projections to the coast”



Step by step

1. Reconstruct the spectral shape from bulk parameters
PROBABILISTIC RECONSTRUCTION 

OF WAVE SPECTRAL SHAPE

HYBRID DOWNSCALING 
 “BinWaves” Cagigal et al. 2024

FORCING RESOLUTION 
ADJUSTMENT

WAVES PROJECTIONS BIAS 
ADJUSTMENT

Example in the Cantabrian Coast



1. From Bulk Parameters to Spectra

Clustering ERA5 reanalysis (Hersbach et al., 2020):



1. From Bulk Parameters to Spectra

Clustering Bulk parameters:

100 MDA selected clusters 81 PCA + KMA clusters



1. From Bulk Parameters to Spectra

- 100 bulk clusters
- 81 spectra clusters

Find Conditional Probabilities between bulk and spectra:



1. From Bulk Parameters to Spectra

Find Conditional Probabilities between bulk and spectra:



1. From Bulk Parameters to Spectra

5 years seasonal validation

Reconstructed
spectra

Real 
spectra
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Step by step

1. Reconstruct the spectral shape from bulk parameters
2. Forcing resolution and Bias correction

PROBABILISTIC RECONSTRUCTION 
OF WAVE SPECTRAL SHAPE

HYBRID DOWNSCALING 
 “BinWaves” Cagigal et al. 2024

Example in the Cantabrian Coast

FORCING RESOLUTION 
ADJUSTMENT

WAVES PROJECTIONS BIAS 
ADJUSTMENT



2. Forcing resolution and Bias correction

BIAS origin: 
• Wind forcing regridded to regular WW3 grid
• Simplified physics and parameterizations in GCMs)

BIAS effects: 
• Interpolation smooths wind fields
• Results in systematic bias in wave heights



2. Forcing resolution and Bias correction

WORKING ON IT



2. Forcing resolution and Bias correction

Comparison: WW3 hindcast forced with winds at 2° vs. 0.5° (year 2017):

• Stronger bias in sea partition than in swell in coastal zones

• Regridded wind forcing mainly impacts locally generated waves (sea)

SEA SWELL
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2. Forcing resolution and Bias correction

• Apply correction separately to SEA and SWELL Hs

• Correction performed for each directional sector (16 sectors) 

SEA (PHs0)

Comparison: WW3 hindcast forced with winds at 2° vs. 0.5° (year 2017): 𝐻𝑠
′ = 𝑎𝐻𝑠

𝑏



2. Forcing resolution and Bias correction

As in Lemos et al 2020:

• QDM has been tried

• DAGQM is the goal, in order to keep quantiles and directional relation



Step by step

1. Reconstruct the spectral shape from bulk parameters
2. Forcing resolution and Bias correction
3. Hybrid downscaling to coast

PROBABILISTIC RECONSTRUCTION 
OF WAVE SPECTRAL SHAPE

Example in the Cantabrian Coast

FORCING RESOLUTION 
ADJUSTMENT

WAVES PROJECTIONS BIAS 
ADJUSTMENT

HYBRID DOWNSCALING 
 “BinWaves” Cagigal et al. 2024



BinWaves (Cagigal et al. 2024)

3. Hybrid downscaling to coast

Spectral reconstruction at any point of the 
domain:



3. Hybrid downscaling to coast

ROOM 2 Thursday between 15:05 and 15:10 : BlueMath, A 
Collaborative Open-Source Repository for Statistical Analysis 
and Fast, Efficient Hydrodynamic Emulators of Coastal Climate 
Hazards

POSTER PRESENTER: Laura Cagigal



Step by step

1. Reconstruct the spectral shape from bulk parameters
2. Bias correction
3. Hybrid downscaling to coast
4. Example in the Cantabrian coast

PROBABILISTIC RECONSTRUCTION 
OF WAVE SPECTRAL SHAPE

FORCING RESOLUTION 
ADJUSTMENT

WAVES PROJECTIONS BIAS 
ADJUSTMENT

HYBRID DOWNSCALING 
 “BinWaves” Cagigal et al. 2024

Example in the Cantabrian Coast



3. Example in the Cantabrian coast
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3. Example in the Cantabrian coast



3. Example in the Cantabrian coast

SSP126 (CM2-ACCESS)

SSP585 (CM2-ACCESS)
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Thanks for your attention…

Gabriel Bellido
bellidog@unican.es
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Hybrid downscaling to the Cantabrian coast: 
Buoy validation

Buoy validation



1. From Bulk Parameters to Spectra

Clustering Bulk parameters:



1. From Bulk Parameters to Spectra

Clustering Bulk parameters:



1. From Bulk Parameters to Spectra

Clustering Directional Wave Spectra:



1. From Bulk Parameters to Spectra

Clustering Directional Wave Spectra:
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