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Fig. 1. Observation area around the Hayasui Strait. The area within the dashed square in the center panel
is enlarged in the upper right panel. Contour lines show isobaths in meters. Contour interval in the upper
right panel is 50 m. Surface water temperature and salinity were continuously observed along the bold line.
Temperature, salinity, and chlorophyll (relative value) were measured every 0.1 meters at the closed nine
circles, using Clorotec.
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Fig. 2.
temperature. Contour interval is 0.2°C. Solid con-

(a) Horizontal distribution of sea surface

tour lines show temperature in °C. Bold lines
have been chosen to emphasize 24, 25, and 26°C
isotherm lines. The dotted line represents the
Clorotec observation line. (b) Vertical section of
the temperature along the dotted line in the up-
per panel. (c) Vertical section of the density and
chlorophyll (relative value) along the dotted line
in the upper panel. Solid contour lines show the
density, and dotted contour lines with tones show
the chlorophyll. Closed triangles represent the lo-
cation of stations.
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Fig. 3. Three-layer model for the linear stability
analysis of baroclinic instability around the tidal

fronts. See the text for the definitions of variables
in the figure.
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Table 1. Parameters used in the stability analysis.
variables values
Hy 20 (m)
H; 20 (m)

01 1.0215 (g cm™®)
02 1.0227 (g cm™®)
03 1.0229 (g cm™3)

Vi 0.25 (m s~1)
Vs —0.16 (ms™1)
Vi —0.09(ms)
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Fig. 4. Relationship between the growth rate and
wave number in the model of Fig. 3. Also shown
(inverted triangles) are wavelengths corresponding
to each wave number.
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Fig. 5. Area and initial condition of the numerical
model. (a) Horizontal distribution of the sea sur-
face temperature. Contour interval is 0.4°C. (b)
Vertical distribution of temperature (solid lines)
and velocity (dashed lines) in the direction. Tones
are used to show positive velocities. Contour in-
tervals of the temperature and velocity are-0.4°C
and 0.04 m s~1, respectively.
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Fig. 6. Temporal variation of the horizontal distribution of the sea surface density every 1.5 day in the
numerical model. The lower right panel represents the result on day 8.5 from the beginning of the calculation.
Areas between 23.5 and 23.80; isopycnals and less than 23.50; are shaded to emphasize frontal waves. The

area within the square on day 7.0 is enlarged in Fig. 7.
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Fig. 7. Subsurface intrusion of the passive tracer around the tidal front of the model. Locations of vertical
sections a, b, ¢, and d are shown by dashed lines in the left panel. Note that the area within the square on
day 7.0 in Fig. 6 is enlarged here. Right panels show vertical distributions of the density and passive tracer
concentration at each cross section. Solid contour lines show the isopycnal in 0;. Dotted contour lines with
tones show the vertical distribution of the passive tracer. Bold lines show the 23.70; isopycnal.
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Fig. 8. Horizontal distributions of the passive tracer concentration on the 23.70 isopycnal surface (left panel)
and depth of the isopycnal surface (right panel). To compare with the phase of the frontal eddy, contour
lines of the surface density are superimposed on each panel by the solid line. Note that the area within the

square on day 7.0 in Fig. 6 is enlarged here.
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Fig. 9. Vertical distributions of the density and passive tracer concentrations on day 7.0 in the numerical
model. The upperleft panel is for the frontal wave type (FW type), and the middleright panel is for the
Garrett and Loder type (GL type). Solid contour lines show isopycnals, and dotted contour lines show the
passive tracer concentration. The lower left panel represents the ohserved vertical section of the density
(solid lines) and chlorophyll (relative value; dotted lines with tones).
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Fig. 10. Time series of the amount of passive tracer
that flows into the stratified region from the mixed
region. The value is divided by the total length of
the model domain in the direction. See the text
for the detailed definition of the values. Solid line
shows the time series of frontal wave type (FW
type) and dotted line shows that of the Garrett
and Loder type (GL type).
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Frontal Waves and Nutrient Transport around Tidal Fronts

Kyoko Fukuda T, Atsuhiko Isobe ¥, Atsushi Kaneda ** Shinya Magome 1,
Hidejiro Oonishi **, and Hidetaka Takeoka **

Abstract

Frontal waves around tidal fronts and their influences on the cross-frontal
nutrient transport were investigated by the observation around the Hayasui
Strait in the western part of the Seto Inland Sea, and by linear stability analysis
and numerical modeling. A frontal wave with a wavelength of about 10 km
was detected in the field observation. Using stability analysis, the wave was
explained by a baroclinic instability wave with the maximum growth rate. In
addition, the numerical model well reproduced frontal waves with nearly the
same wavelength. In the numerical model, passive tracers representing nutrients
in the real ocean were carried from the mixed region into the thermocline of the
stratified region by the cross-frontal transport associated with frontal waves.
These results therefore suggest that the cross-frontal nutrient transport caused
by frontal waves is important to produce thermocline chlorophyll-a maxima that
have been observed frequently around tidal fronts in the real ocean.

Key words: tidal front, frontal wave, maximum growth rate, nutrient transport
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