Global implications of surface current
modulation of the wind-wave field
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Introduction

Methodology

The ocean circulation can influence wind-waves in various ways.
Surface currents can modify wave properties such as height and
frequency through exchanges of energy with the mean flow
mediated by the radiation stress, and non-uniform currents can
refract waves and change their direction of propagation. In
addition, the relative wind can be different than the real wind in
the presence of currents. While all these processes have been
understood for a long time, the global implications of wavecurrent interactions are still mostly unknown. In this work we
investigate the sensitivity of wave modelling to the inclusion of
surface current forcing from a global reanalysis.

We have run two sets of WAVEWATCH III simulations for the years 20142016, one forced with surface current data taken from the Bluelink
Reanalysis (Oke et al., 2013), and another without currents forcing, and
then analysed the differences between these two. In each case the model
was forced with 10m winds and ice concentration data taken from the
CFSR reanalysis. Two grids were implemented: a global one (0.4°
resolution) and one in the Southern Ocean (from -65°S to -28°S, 0.1°
resolution). To assess the performance of both simulations, the modelled
wave heights were compared against the altimeter dataset processed by
Ribal and Young (2019). In addition, Sentinel-1 satellite 2D wave spectra
observations were used to compute peak swell directions, and these were
compared against modelled wave direction from both sets of simulations.

Results
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Figure 1. Left panels: mean bias for the simulation without (top) and with (middle) current forcing, and the difference
between biases (current – NOcurrent, bottom). Right panels: same as left panels but for RMSE. Units in m.

Figure 2. Time averaged differences (current – NOcurrent simulation) in significant wave
height in meters (top) and in mean direction in degrees (bottom).

𝜃𝑝 comparisons

Conclusions
Including surface current forcing from the Bluelink
Reanalysis into WAVEWATCH III simulations
significantly improves the significant wave height
in most areas of the world, especially in the
Southern Ocean. In addition, the peak swell
direction estimates are greatly improved in the
Indian Ocean. In general, the inclusion of currents
reduces the wave heights due to decreased
relative wind in areas with co-flowing winds and
currents, and the current-induced refraction
changes the waves direction, especially in the
Western Boundary Currents and equatorial
regions.

Figure 3. Validation of peak swell direction extracted from Sentinel-1 2D wave spectra. Top panels: correlation values for
the simulation without (left) and with currents (centre), and the difference between correlation values (current –
NOcurrent, right). Middle and bottom: same as top panels but for mean bias and RMSE, respectively. Units in degrees.
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