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Internal Tides in St. Lawrence Estuar_y’

W. D. Forrester

Atlantic Oceanographic Laboratory
Bedford Institute of Oceanography
Dartmouth, Nova Scotia, Canada

ABSTRACT

Near-surface current measurements from locations along the channel of the St.Lawrence
Estuary between Trois Pistoles and Baie Comeau are examined for consistent evidence of
internal tides. The harmonic constituents of the local tidal streams at each site were esti-
mated by harmonic analysis of the records, and from these were subtracted estimates of the
harmonic constituents of the local barotropic tidal streams (those due to surface tides alone).
The residues are taken as estimates of the harmonic constituents of the local baroclinic tidal
streams (those due to internal tides alone). The results indicate the presence of a progressive
internal semidiurnal tide of the Poincaré type and diurnal tide of the Kelvin type propa-
gating seaward from the inland end of the Laurentian Channel. The character of the ob-
served internal tide agrees well with that predicted by theory for the given stratification
and topography. Possible practical significance of the internal tides in assisting mixing,
creating ice pressure, and causing seasonal changes in tidal streams is discussed.

Introduction. The presence in the St. Lawrence Estuary of an internal oscil-
lation of tidal period was revealed by measurements made by Forrester(1970)
during 1965 of currents and of temperature and salinity fluctuations in a cross-
section near Pointe au Pere (Fig. 1). The cross-channel component of the in-
ternal oscillation was well revealed by these observations to contain a standing
wave of semidiurnal tidal period with wavelength twice the channel width.
The axial component of the internal oscillation could not, however, adequately
be described from observations in the single cross-section. In 1968 and 1969
current meters were placed at locations along the axis of the estuary between
Trois Pistoles and Baie Comeau (Fig. 1) to help describe the propagation of
the internal tide along the channel. This report compares the internal tide de-
duced from the current measurements with that predicted from internal wave
theory for a channel with dimensions and density stratification similar to those

of the St. Lawrence Estuary.
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Figure 1. Current meter moorings in St. Lawrence Estuary.

Velocity Data. The velocity data consists of time series of speeds and direc-
tions from Braincon Histogram current meters moored at the locations and
times shown in Fig. 1. The meters record by continuous photographic exposure,
and provide consecutive 20-minute averages of both speed and direction. Only
records longer than 15 days were used because harmonic analysis of shorter
records is difficult and unreliable. Because tidal streams associated with an in-
ternal tide were expected to be greatest in the depths shallower than the pyc-
nocline and because it was desired to have estimates of them for about the same
depth at all locations, only records from depths shallower than 25 metres were
employed. Records from the two 1965 moorings closest to the north shore
were also omitted from this study because it was not wished to overweight that
region of the estuary and because these moorings were farthest off the axis of
the channel. Each time series of current vectors was resolved into two com-
ponent series, an axial component series with positive direction inward along
the channel, and a cross-channel component series with positive direction per-
pendicular to the right of the axial.

































