Spread of river water influenced by wind in Otsuchi Bay
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1. Introduction

The Sanriku Ria coast in northeastern Japan is characterized by complex topography where
various water masses meet. Otsuchi Bay is one among there, with the width and length are 2km
and 8km, respectively. In the bay, low-salinity water generally exists on the south coast, which
may be due to the effect of the earth's rotation. When the influence of the earth's rotation is large,
the river water flows with the coast to the right while being confined within the internal Rossby
deformation radius (here after, iRd). Such circulation forms a meridionally positive salinity
gradient pattern (north high, south low salinity). Therefore, the gradient is related to the iRd,
which is the length scale of the geostrophic adjustment caused by Earth’s rotation.

According to Otobe et al. (2009), northwesterly wind may enhance estuary circulation, which
is closely related to material circulation that affect aquaculture (Kishi et al., 2003). Therefore,
wind is also an important element of circulation in the bay.

Sakamoto et al. (2017) performed numerical simulations of the circulation in the bay, take the
effects of river, wind, and the Earth’s rotation into consideration. As a result, they reproduced
the counterclockwise circulation and positive salt gradient pattern similar to the observations.
The iRd in their study variates from 1000 m to 2000 m with season. However, the iRd from
observation variates from 300 m to 4980 m (e.g., Tanaka et al., 2017). Therefore, there may be
a different pattern of circulation in the bay than the ones considered so far.

Therefore, we conducted both analysis of high-resolution observation data that has never been
seen before and numerical experiments under conditions that have not been examined yet, to
investigate river water spread in the bay with the effect of wind and the Earth's rotation.

2. Material and methods

We used the high-resolution monthly observed temperature and salinity data. We focused on
the distribution of the sea surface salinity. We applied Kuragano and Kamachi (2000) objective
analysis method which can take anisotropic spatial distribution of the observed variables into
consideration to produce maps of regularly-gridded sea surface salinity.

Numerical experiments were performed to investigate the dynamics of circulation in the bay,
with monthly-averaged river discharge, wind, and the Earth's rotation effect.

3. Result and discussion
According to theoretical studies, river water tends to flow to the right of the coast in the

northern hemisphere when the effect of Earth's rotation is great. This means that in the bay, a



positive salt gradient pattern is formed. Indeed, in Otsuchi Bay, such positive gradient patterns
were often occurred, but sometimes negative salinity gradient pattern occurred in real sea.

Therefore, we present the following hypothesis based on the observation results, considering
the relationship between the salinity gradient and the iRd. That is, first, when the river discharge
is zero (or close to it) and homogenous, no salinity gradient is generated, and the iRd is also
zero. On the other hand, as the river discharge increases, the iRd and salinity gradient increase.
However, when the iRd exceeds a certain threshold, the half width of the bay, then the river
water begins to spread throughout the bay, causing the salinity gradient to begin to decrease.
Indeed, large positive values of the salt gradient occurred when the iRd was between 1000 m and
2000 m, while negative salt gradients occurred when the iRd was above 2000 m.

However, there was large variance in the relationship of iRd and salinity gradient, suggesting
that the salinity gradient can be influenced not only by river flow but also by other factors.
Therefore, we conducted a numerical experiment considering the effect of wind. We examined
the positive salt gradient pattern on November 6, 2015. It was founded that northwesterly winds
strengthened estuary circulation and increased salt flux from the Pacific. In addition, up /
downwelling was enhanced on the north / south coasts, respectively. As a result, a positive
salinity gradient reproduced which cannot be reproduced by river discharge alone.

A comprehensive study of the effects of river discharge and northwesterly winds on circulation
by conducting many experimental cases showed that the salinity gradient was not monotonously
related with river discharge, supporting the above hypothesis. On the other hand, regarding the
northwest wind, there was a monotonous relationship that the salinity gradient increased as the
wind was stronger.
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