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The complex wave climate of Hawaii includes a mix of seasonal swells and wind waves from all direc-
tions across the Pacific. Numerical hindcasting from surface winds provides essential space-time infor-
mation to complement buoy and satellite observations for studies of the marine environment. We utilize
WAVEWATCH III and SWAN (Simulating WAves Nearshore) in a nested grid system to model basin-wide
processes as well as high-resolution wave conditions around the Hawaiian Islands from 1979 to 2013.
The wind forcing includes the Climate Forecast System Reanalysis (CFSR) for the globe and downscaled
regional winds from the Weather Research and Forecasting (WRF) model. Long-term in-situ buoy mea-
surements and remotely-sensed wind speeds and wave heights allow thorough assessment of the model-
ing approach and data products for practical application. The high-resolution WRF winds, which include
orographic and land-surface effects, are validated with QuickSCAT observations from 2000 to 2009. The
wave hindcast reproduces the spatial patterns of swell and wind wave events detected by altimeters on
multiple platforms between 1991 and 2009 as well as the seasonal variations recorded at 16 offshore
and nearshore buoys around the Hawaiian Islands from 1979 to 2013. The hindcast captures heightened
seas in interisland channels and around prominent headlands, but tends to overestimate the heights of
approaching northwest swells and give lower estimates in sheltered areas. The validated high-resolution
hindcast sets a baseline for future improvement of spectral wave models.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Hawaii has unique wave climate associated with its North Cen-
tral Pacific location and massive archipelago. Fig. 1 provides a
location map to illustrate the prominent wave regimes and geo-
graphical features. Extratropical storms near the Kuril and Aleutian
Islands generate swells toward Hawaii from the northwest to north
during the boreal winter. The south facing shores experience mod-
erate swells from the year-round Southern Hemisphere Westerlies
that are augmented by mid-latitude cyclones in the boreal sum-
mer. The persistent trade winds generate waves from the northeast
to east throughout the year, while subtropical cyclones during the
winter and passing cold fronts can generate waves from all direc-
tions. The steep volcanic mountains speed up the wind flows in
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the channels and create prominent wakes leeward of the Hawaiian
Islands (Yang et al.,, 2005; Nguyen et al., 2010; Hitzl et al, 2014).
These localized wind flows together with island sheltering create
regional wave patterns with large spatial and temporal variations
(Aucan, 2006; Caldwell et al., 2009; Stopa et al., 2011).

There are increasing demands for long-term wave data in sup-
port of ocean renewable energy planning, marine ecosystem as-
sessment, shoreline management, and infrastructure development
in Hawaii. Altimeters aboard polar orbiting satellites have the ad-
vantage of providing significant wave heights with global expanse.
The observations are available along satellite tracks at time inter-
vals between 10 and 35 days. The lack of wave direction and pe-
riod in a multi-modal sea state as well as contamination of the
signals by landmasses hamper their application in coastal regions.
Offshore and nearshore buoys have provided in-situ wave mea-
surements at strategic locations along the island chain as shown
in Fig. 1. Some of the buoys recorded over 30 years of wave data
and most of the recent measurements are directional. Despite their
ability to fully record the sea state, they are limited to discrete
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Fig. 1. [lllustration of Hawaii wave climate, location map for buoys and geographical features, and layout of nested computational grids for WAVEWATCH III and SWAN.

locations and subject to downtime due to equipment failure and
maintenance. A detailed description of the complex wave climate
in Hawaii is best accomplished by numerical modeling, while mea-
surements from altimeters and buoys are useful for validation of
the model results and assessment of the model performance.
Third generation spectral wave models, such as WAVEWATCH
Il of Tolman (2008) and SWAN (Simulating WAves Nearshore) of
Booij et al. (1999), are proven tools in describing the multi-modal
sea states of Hawaii (Stopa et al, 2011). Despite being developed
for open oceans and shelf seas, WAVEWATCH III is able to depict
shadowing of the wave field by the Hawaiian Islands and height-
ened seas with small fetches in interisland channels and around
headlands (Stopa et al., 2013; Foster et al., 2014). SWAN is bet-
ter suited for near-shore environments due to its efficient implicit
scheme to compute wave processes in fine resolution and abil-
ity to account for triad wave interactions in shallow water. Filipot
and Cheung (2012) provided additional parameterizations for en-
ergy dissipation due to wave breaking and bottom friction in the
fringing reef environment of Hawaii. The nesting of WAVEWATCH
Il and SWAN has proven its effectiveness in modeling wave gener-
ation and propagation from the open ocean to the shore.
High-quality global and regional wind forcing is critical for
modeling of the multi-modal seas in Hawaii. Reanalysis datasets
provide an opportunity to reproduce global wave conditions with
high fidelity (Arinaga and Cheung, 2012; Caires et al., 2004; Chawla
et al., 2013; Stopa et al., 2013). The Climate Forecast System Re-
analysis (CFSR) of NOAA NCEP was generated from a suite of cou-
pled ocean, land, ice, and atmospheric models with assimilation of
observations in three space dimensions (Saha et al., 2010). Its prod-
ucts include hourly surface winds on a 0.5° grid from 1979 to 2010.

The same model system produces the CFS version 2 reforecast data
with 0.205° resolution from 2011 onward as an extension of CFSR
(Saha et al., 2014). The ECMWF Reanalysis (ERA) Interim includes
coupling to a spectral wave model and a 4-dimensional assimila-
tion method (Dee et al., 2011). It has surface wind data every 3 h
with a ~0.7° grid spacing from 1979 to present. Stopa and Che-
ung (2014) inter-compared the wind speeds from CFSR and ERA-
Interim with altimetry and buoy observations, and concluded that
although both products have good spatial homogeneity and consis-
tent levels of errors, CFSR provides better descriptions of the upper
percentile winds for wave hindcasting.

The orographically induced airflow over Hawaii waters is
not resolved by global reanalysis. The wind flow is significantly
modified by steep volcanic mountains of up to 4000m high
and islands of up to 140 km across as well as the diurnal land-
sea thermal contrast (Yang et al., 2005; Nguyen et al., 2010;
Carlis et al., 2010). High-resolution wind data from locally cal-
ibrated atmospheric models is crucial for hindcasting the wave
conditions around the Hawaiian Islands (Stopa et al, 2011,
2013). With proper descriptions of lower boundary conditions
such as terrain, vegetation cover, and soil type, high-resolution
models have considerable skills in simulating the island-scale
airflow, weather climate, and ocean surface winds (e.g., Zhang
et al, 2005; Yang et al., 2005; Carlis et al., 2010; Nguyen et al.,
2010). The Weather Research and Forecasting (WRF) model of
Skamarock and Klemp (2008) has become a standard tool for
Hawaii regional climate studies (Hitzl et al., 2014). In addition,
the high-resolution WRF model was employed for simulation of
a heavy rainfall event over Oahu associated with a Kona storm
and a winter cold front in the mid-Pacific by Tu and Chen (2011)
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