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Introduction

1. Integrated wave parameters

2. Projected changes in variables that integrate several parameters: e.g. energy flux (e.g., Mentaschi et al., 2017, 

Reguero et al., 2020, Lemos et al., 2020)

3. Projected changes in wave partitions: Swells and sea components (Lemos et al., 2021, Amores & 

Marcos, 2020, Fan et al., 2014)

What is the most complete way to describe the wave climate?

- Storage demand affordable The frequency-direction wave spectra fully 

characterizes the wave climate at a certain location. - Global information available

How is the effect of climate change on wind waves assessed?

Hs

Tp

Tm

Dirm

Assessment of the projected changes in different wave climate indicators.
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e.g., Mori et al., 2013, Hemer et al., 2013, Semedo 

et al., 2013, Lemos et al., 2019, Casas-Prat et al., 

2018, Morim et al., 2018, 2019, 2020



Main goals: 

- Assess the added value of directional spectra to analyze the effect of climate change on wind waves. 

- Assess the projected changes in wave climate from directional spectra globally.

ÇAt any point on the ocean surface, the wave field

resultsfrom thesuperpoistionof wavesystemsof

differentcharacteristics.

ÇThe future behavior of wave systems with a 

different origin under climate change scenarios is 

expected to be different .

ÇMultimodal wave climates are frequent in

tropical latitudes.

Ç Integrated wave parameters cannot describe wave 

system individual  changes.

Mean spectrumï

South CanaryIslands
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Ç Global wave climate projection ensemble of seven 

members 

Ç Future GHG emission scenario: RCP8.5

Ç Present-day reference period: 1986-2005

Ç Projected period: 2081-2100

Ç Outputs:

Å Spectral wave data 

- Full  directional spectra at 14 locations (map).

32 frequencies x 24 directions

Hourly time series

- Spectralpartitions : 2 swells+ 1 wind sea

1-degree global resolution

3-Hourly time series

Å Integrated wave parameters: Hs, Tm, Dirm

Hourly time series
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Ensemble mean change under RCP8.5 scenario

Hs

Tm
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Lobeto et al. (2021). 



Ensemble mean change under RCP8.5 scenario
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Methodology overview
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Spectral partitions

Hsi, Tpi, Dir i, Spri

Full directional spectra (24x32)

8-degree resolution

Spectrum reconstruction

JONSWAP (ɔ= 3.3) + Mitsuyasu
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Ensemble mean historicalmean wave climatefor theperiod1986-2005

Lobeto et al. (2022). 



Ensemble mean projecedchangesin mean wave climatefor RCP8.5
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Ç Projectedchangesin waveclimatefrom directionalspectra(future ïhistorical)

Ç Projected change robustness: 50% models statistically robust change + 80% models agree sign of change

Lobeto et al. (2022). 



Regional patternsof spectralchange

Ç Clustering of spectralchangesĄ Selected clustering technique: k-means

Ç Sixteen patterns of spectral change
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Ç Analysis of the wave energy propagating (Perez et al., 2014) toward the centroid of each identified cluster

Ç Assessment of the projected change in wave energy to complement the spectral analysis

12

Global projected changes 
3rd International Workshop on

Waves, Storm Surges, and Coastal Hazards

Lobeto et al. (2022). 



13

Global projected changes 
3rd International Workshop on

Waves, Storm Surges, and Coastal Hazards

Lobeto et al. (2022). 



14

Global projected changes 
3rd International Workshop on

Waves, Storm Surges, and Coastal Hazards

Lobeto et al. (2022). 


