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1. Introduction

Wind waves are the surface gravity waves with a typical period of a few seconds, which are
generated and developing under the energy input from the local wind. Swells, on the other
hand, are also the surface gravity waves with a longer period that are not affected by the local
wind but just propagate from distant regions. Both waves are ones of the most energetic
phenomena at the sea surface, hence they play important roles on the air-sea exchange of
energy, momentum, several gases and so on. Therefore, they have strong influences on the
natural environment through the wave-induced mass transport and disturbances, and on various
human activities such as fisheries and maritime industries. However, the interaction between
wind waves and swells has been unknown until now, although the both waves compose the
surface roughness while intermingling in the real oceans. Interestingly, the wave-tank
experiments pointed out that swells suppress the development of wind waves in the case of
wind blowing in the same direction as the propagation of the swells (Mitsuyasu et al., 1966),
and inversely that swells promote the development of wind waves in the case of wind blowing
oppositely to the swell propagation (Mitsuyasu and Yoshida, 2005). In contrast, theoretical
studies of Phillips and Banner (1974) and Chen and Belcher (2000) presented that swells
suppress the development of wind waves, regardless of whether wind blows in the same
direction as the swells or not. This inconsistency between the experimental and theoretical
studies has not still been solved, as a result, it leads to decrease in accuracy of the operational
wave forecast especially in the case of abrupt change of wind fields caused by the passage of
developed low pressures. More importantly, it should be emphasized that these effects of
swells on the development of wind waves have not been verified in the real oceans.

This study aims to elucidate the development processes of wind waves under coexistence
with swells in the real ocean. For this purpose, I analyzed in situ data of wind and waves
obtained simultaneously and continuously by a monitoring buoy moored in Otsuchi Bay on the
Sanriku ria coast (Komatsu and Tanaka, 2017). Otsuchi Bay presents similar situations as the
experimental conditions set up for a wind-wave tank with a plunger, because wind waves
generated by local wind inside the bay are coexistent with near-monochromatic swells
originated from the offshore regions.

2. Data and Methods

This study analyzed wind and surface wave data obtained from October, 2012 through
December 2016 by a monitoring buoy moored on the bottom (40 m depth) at a position of
39°20.65'N, 141°57.62'E in Otsuchi Bay. The buoy was composed of an ultrasonic anemometer
with 2-axis wind sensor (Model 32500, R. M. Young Company) installed at a height of 1.5 m
from the sea surface and a single-mode GPS wave sensor (Zeni Lite Buoy Co., Ltd) attached

to the top face of the buoy. Wind velocity was measured hourly for 10 min just before the hour,



at 0.5 s intervals, and the 10 min-averages were analyzed in this study. 2D energy spectrum of
surface waves was calculated from continuous records of the three-dimensional displacement
of the buoy sampled hourly over 20 min with 0.4 s intervals by the GPS sensor, by using the
scheme presented by Isobe et al. (1984). The energy components of swells and wind waves
were identified by applying the algorithm of Portilla et al (2009) to the 2D wave spectra and
the mean wind velocity data.
3. Results and Discussion

Contribution rate of wind waves was estimated from the energy ratio of the wind wave
component to the total wave component. It was at most 2% for the fair wind case, on the other
hand, it amounted to 6% for the opposite maximum wind case (Fig.1). These results are
consistent with the conclusions of wave-tank experiments (Mitsuyasu, 1966; Mitsuyasu and
Yoshida, 2005). However, the contribution rate for the fair wind case might be underestimated
due to absorption of the spectral component of the wind waves by that of the swells.

Development rate of wind waves was defined as the dimensionless energy of wind waves
relative to that in the case of the swell presenting the minimum wave steepness. Interestingly,
the development of the wind waves was suppressed in both the fair and opposite wind cases,
although samples of the wind-waves development were scattered more widely in the opposite
wind case.
4. Conclusion

This study is the first to verify quantitatively the effects of swells on the development of
wind waves in the real ocean, although the detailed processes of the interaction between them
have been still unknown. Analyses on the fetch-limited development of wind waves are

required to approach the interaction processes in the future studies.
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