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Introduction  

The supplementary information contains expanded discussion of the analysis of changes 

in wave climate and references therein. 
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To determine the ability of the GCM models to replicate modern wave climate, 

we used the Climate Forecast System Reanalysis Reforecast (CFSRR) Wavewatch III® 

hindcast (Chawla et al., 2012) to classify the source of incident waves. The National 

Oceanic and Atmospheric Administration (NOAA) used CFSRR winds generated at 0.5 

degree resolution to drive Wavewatch III® reanalysis hindcasts of significant wave height 

(Hs), peak wave period (Tp) and mean wave direction (θmean) globally for the 1979-2009 

period. We compiled all 30 years of wave records from the grid cell centered at (8.75°N, 

168.25°E), the open ocean cell nearest to the southeastern (windward) rim of Kwajalein 

Atoll, offshore of Kwajalein and Ebeye Islands. 

For each wave class produced in the clustering analysis of the CFSRR hindcast, 

we identified the source of the waves in the class by viewing basin-wide animations of 

wave characteristics. Pacific-wide results for the GCM forecasts were not available to 

similarly identify wave classes. Therefore, each GCM wave class was inferred to have 

the same source as the CFSRR wave class with the most similar wave characteristics, 

determined with nearest neighbor classification. 

Using the CFSRR wave hindcasts to characterize historical wave climate at 

Kwajalein Atoll, we identified four primary sources of waves: local trade wind-driven 

waves (TW waves; mean Hs = 1.8 m, Tp = 8.4 s, θmean = 76°), swell produced by northern 

hemisphere extratropical cyclones (NH waves; mean Hs = 2.0 m, Tp = 11.4 s, θmean = 

21°), swell produced by southern hemisphere extratropical cyclones (SH waves; mean Hs 

= 1.3 m, Tp = 12.6 s, θmean = 171°), and wind waves produced by nearby tropical cyclones 

(TC waves; mean Hs = 2.7 m, Tp = 8.5 s, θmean = 160°). TW waves dominate incident 

wave energy, followed closely by NH waves (Fig. 5). Due to the rarity of tropical 
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cyclones passing near Kwajalein over the 1979-2009 CE time period, TC waves make up 

only 2% of mean wave energy, despite their large height. SH waves tend to be small and 

account for only 3% of the mean wave energy. 

The historical GCM ensemble produced waves similar to the CFSRR (NCEP 

reanalysis) waves. Although the ensemble tended to underestimate wave height and wave 

energy, the classification analysis identified wave sources in the ensemble with the same 

relative proportions as in the CFSRR data (Fig. 5). However, there was considerable 

inter-model variability in the GCM wave data. Waves generated with BCC and GFDL 

GCMs had greater energy than the reanalysis, whereas waves generated with INMCM 

inputs had much smaller wave heights, decreasing the mean wave energy of the 

ensemble. Additionally, TW waves accounted for proportionally far greater wave energy 

in BCC and GFDL historical datasets than NH waves, and vice versa for the INMCM 

historical dataset. 
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