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1. Introduction

Sea surface waves generated by wind blowing over the ocean are classified as wind waves or
swells. Wind waves are in the process of development by receiving energy input directly from
the local wind. Swells, on the other hand, have propagated away from their generation region
and they are no longer receiving active energy from the local wind. Real surface waves are a
mixture of wind waves and swells, and their state in the offshore region are predicted
operationally with an enough accuracy by solving numerically the energy balance equation.
However, in the coastal region numerical prediction drops the accuracy mainly due to various
topographic effects, although the state of surface waves is more critical information for safe
maritime operations.

Sanriku ria coast on the northeast portion of Japan has been well known to be affected
strongly by swells propagated from the offshore regions. Interestingly, the state of surface
waves is usually different even between adjacent bays, depending on the topographic shape of
the bay. Recent wave monitoring in Otsuchi Bay, a representative semi-closed bay in Sanriku,
revealed that the wave height was significantly correlated with the wind velocity component
toward the bay in the northeastern offshore region that faces the bay mouth (Komatsu and
Tanaka, 2017). However, their analyses are restricted to the data obtained in the first three
months of the monitoring, hence seasonality of the above wave characteristics is open to
question. Moreover, the main source of swells which have dominant influences on waves in
Otsuchi Bay has not been clarified yet.

This study aims to specify the source region of swells that impact significantly on surface
waves in Otsuchi Bay. For this purpose, wind and wave data obtained during the four-years

monitoring period were analyzed and numerical experiments were conducted.
2. Data and Method

This study used the data of surface waves and wind obtained from October 2012 to December
2016 by a single-mode GPS wave sensor and an ultrasonic anemometer attached on a buoy,
which was moored on the bottom (40 m depth), 300 m north of the southern coast of Otsuchi
Bay (Komatsu and Tanaka, 2017). Semiannual occurrence probability of the significant wave
height in the bay were calculated and their relation with the offshore wind velocity were
analyzed using the surface wind field reproduced by Japan Meteorological Agency (MSM-S
and JRASS).



Hindcast experiments of offshore wind waves in the Pacific were conducted using a third-
generation wave forecasting model (Komatsu and Masuda, 1996), which was driven by the
JRASS5 surface wind in the same period as the monitoring in Otsuchi Bay. Backward tracking
of 2D spectra was executed from the closest point to Otsuchi Bay as the starting point, to
estimate the source region of swells, focusing on the period when extremely high waves were

simulated at the point.
3. Result and Discussion

Monitoring data revealed that surface waves in Otsuchi Bay were affected dominantly by
swells propagated from northeastern offshore region in all seasons. Time-lag correlation
coefficient between the wave height in the bay and the offshore wind velocity component in
the direction to the bay was maximized in the region approximately 300 km northeast of the
bay, from which waves developed by the local wind are accessible within the corresponding
time-lag to the bay at a speed of the group velocity of the swell observed in the bay. Impact
of swells on the waves in the bay depends on both the swell energy determined by the wind
velocity component toward the bay in the source region and the propagation distance from the
source region. The relation between the occurrence probability of the wind velocity and the
decay rate of the swell in the direction to the bay suggested that the offshore region 300 km
northeast of the bay may be the source region of the swell that impacts dominantly on waves
in the bay. These results were supported by the backward tracking experiments of the spectral

component hindcasted by a wave model (Komatsu and Masuda, 1996).
4. Conclusions

The offshore centered at the region 300 km northeast of Otsuchi Bay was shown to be the

source region of the swell that impacts dominantly on waves in the bay.
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