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ABSTRACT

The outer Strait of Juan de Fuca is a stratified, tidal channel about 100 km long, 20 km wide, and 200 m
deep. Tidal currents of O(0.5 ms™") occur at both diurnal and semidiurnal periods and there is a pro-
nounced spring-neap variation in the stratification due to changes in tidal mixing. Vertical isotherm ex-
cursions of O(50 m) have previously been observed along the northern side of the channel that appear to
be phase locked to the tidal currents. Analyses of recent ADCP and thermistor chain data confirm the
isotherm excursions and find that they are accompanied by distinctive baroclinic structures in the horizontal
currents that persist across spring—neap cycles, and from year to year. The authors find that the phase of the
semidiurnal signal does not vary along the channel, as would be expected of an along-channel internal tide.
Instead, comparison of the semidiurnal measurements with two-dimensional analytical and numerical mod-
els indicate that much of the baroclinic structure can be explained as a cross-channel, internal seiche that
is locally driven by reversing Ekman forcing in the bottom boundary layer. Near the bottom, the vertical
motions are kinematic, resulting primarily from cross-channel flow on the side slopes. In the middepths, the
seiche appears to explain part but not all of the vertical motions. The seiche appears to persist and to
maintain a similar mode shape across large, O(2), changes in stratification. In Juan de Fuca, it is expected
that these motions affect the overall salt balance of the system by enhancing mixing between the upper and

VOLUME 35

lower layers of the estuary.

1. Introduction

Temperature measurements in active tidal channels
often indicate large changes in isotherm depths at tidal
time scales. To the extent that these measurements re-
flect actual vertical advection of the water mass they
are significant because of the potential impact on bio-
logical production, the distribution of pollutants, mix-
ing, and energy dissipation.

Large vertical excursions have most often been asso-
ciated with internal tides in the form of traveling inter-
nal waves generated by the interaction of the tidal cur-
rent with topography (Thompson and Huggett 1980;
Drakopoulos and Lascaratos 1998; Pawlowicz 2002).
Other possible processes include steering by topogra-
phy (Geyer 1993; MacCready and Pawlak 2001; Ed-
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wards et al. 2004), Ekman transport (Soulsby 1983;
Lentz and Trowbridge 1991), slope waves (Rhines 1970;
Eriksen 1998), nonlinear waves and solitons (Farmer
and Armi 1999; Bourgault and Kelly 2003), internal
seiches (Crean et al. 1988), hydraulic controls (Armi
1985), residual circulation (Ott et al. 2002), and flows
due to differential advection and mixing of the stratifi-
cation (Jay 1991).

Each of these processes has characteristic signatures
(phase relationships, horizontal and vertical profiles,
etc.) that theoretically should allow them to be identi-
fied. However, diagnosing the presence of a particular
internal tidal process from measured data can be diffi-
cult for many reasons (Godin 1991; Foreman et al.
1995b; Jay and Flinchem 1999). First, they are all fun-
damentally related to the same forcing, so they share
similar frequency and amplitude characteristics. Sec-
ond, measurements at fixed locations are contaminated
by tidal advection of a complicated, three-dimensional,
time-dependent background field. For example, typical




























































