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A topographic Rossby wave off Ashizuri Point*

Tetsuo YANAGI**

Abstract: A current measurement was carried out at a station on the continental shelf off
Ashizuri Point in Shikoku, Japan from September to December, 1981. The current velocity
fluctuation with a period of 10.6 days was prominent in the upper and lower layers. This

fluctuation, more remarkable in the lower layer than in the upper layer, is considered to be
due to a bottom trapped topographic Rossby wave whose wave length is 66.8 km and whose

phase speed is 7.3cms™!,

1. Introduction

It has been widely known that the persistent
low frequency variabilities in sea level and hori-
zontal velocities with periods of several days
exist along the Japanese coast. SHOJI (1961)
and ISOZAKI (1969) pointed out that a sea level
variation propagates from north to south along
the Pacific coast of Japan Island looking the
coast to the right hand. ENDO (1968) found
that sea level variabilities have periods of 15
days along the Pacific coast and of 7.5 days
along the Japan Sea coast. KUBOTA et al. (1981)
analyzed current velocity data along the Fuku-
shima coast and confirmed the existence of peri-
odical fluctuation whose period was about four
days and whose amplitude was about 20 cms™!.
That current fluctuation propagated southward
with a phase speed of about 1 ms™'. KUBOTA
(1982) showed that such fluctuations were due
to the second or third mode shelf waves and
discussed a generation mechanism of shelf waves
by the wind. So far the low frequency vari-
abilities along the Japanese coast have been
attributed to the topographic long Rossby wave
with wave length of several hundreds or thou-
sands kilometers.
discussed the existence of topographic Rossby
wave with short wave length of several tens of
kilometers along the Japanese coast yet.

In the present study I shall analyze the cur-
rent velocity data obtained on the continental
shelf off Ashizuri Point in Shikoku, Japan from

However, it has been never
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September to December, 1981, and discuss the
characteristics of low frequency current fluctu-
ation with periods of about 10 days.

2. Observation and data processing

The current measurement was carried out
at Stn. T-1 (32°39’06”N, 132°51’27”E, 135m
deep) on the continental shelf off Ashizuri Point
in Shikoku, Japan as shown in Fig. 1. Twe
Aanderaa RCM 4 current meters were moored
30 m below the sea surface (hereafter referred
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Fig. 1. Current measurement station. Numbers
show depths (m).
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to as upper layer) and 35m above the bottom
(hereafter referred to as lower layer). Water
temperature, salinity, current direction and speed
were recorded every 15 minutes from September
16 to December 23, 1981.

The vertical profiles of water temperature,
salinity and density at Stn. T-1 on September
17, 1981 are shown in Fig. 2. The prominent
density stratification existed 50-70 m below the
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Fig. 2. Vertical profile of water temperature
(open circle and solid line), salinity (open circle
and broken line) and density (solid circle and
solid line) at Stn. T-1 on September 17, 1981.

sea surface, so that the current meters were set
above and below pycnocline. At first, one-hour
average data were obtained and all data were
processed by a Cosine-Lanczos filter (»=0.6 and
a half power point is 2.2 days) in order to cut
off short period fluctuations mainly due to semi-
diurnal and diurnal tidal currents and internal
oscillations. The low-passed data prepared in
this way will be discussed as basic data set.
The eastward and northward components of the
low-passed velocity data and water temperature
data are shown in Fig. 3. Salinities in both
layers are nearly constants throughout the obser-

vation period and are not shown here. The raw
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Fig. 3. Low-passed eastward (VE), northward
(VN) velocity components and water tempera-
ture (T) in the upper (U) and lower (L) layers.
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Fig. 4. Power spectra for the eastward velocity (left), northward velocxty (center)
and water temperature (right) in the upper and lower layers.
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Fig. 5. Ratio of energy of current velocities at
30m and 100 m depths from Stn. T-1.

data are shown in a previous paper (YANAGI,
1984). The low-passed eastward component is
stronger in the upper layer than in the lower
layer. On the other hand, the northward com-
ponents in both layers have almost the same
magnitude. We can easily identify in Fig. 3
the dominant variations with periods of several
to several tens of days. The spectra for the
eastward and northward velocity components
and water temperature in both layers are pre-
sented in Fig. 4. The fluctuations with periods
of around 10 days are dominant in all data.
The energies of velocity fluctuations are larger
in the upper layer than in the lower layer except
for a period of 10.6 days in the northward vel-
ocity component. In Fig. 5 are plotted the ratios
of the energy in the upper layer to.that in the
lower layer for the eastward and northward
components. While low and high frequency
fluctuations are more. energetic in the upper
layer, intermediate frequency fluctuations of
periods around 10 days are more energetic in
the lower layer. Water temperature fluctuations
are stronger in the lower layer than in the upper
layer. The fluctuation with a period of 10.6
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Fig. 6. Phase difference (upper) and coherence
square (lower) between the fluctuations of the
northward velocity and water temperature in
the lower layer at Stn. T-1. Open circle de-
notes the fluctuation of period of 10.6 days and
broken line a confidence limit of 90 %.

days is dominant in both layers. The coherence
and phase difference between the fluctuations of
the northward velocity and water temperature
in the lower layer are shown in Fig. 6. A high
coherence square of 8.2 is observed for the
fluctuation of a period of 10.6 days with phase
difference of around 180°. This fact shows that
the water temperature decreases when the north-
ward current is strong in the lower layer.

Then I shall investigate the characteristics of
10.6-day fluctuation for the water temperature
and for the northward component velocity in
both layers.

3. Discussions

The current velocities averaged over the obser-
vation period and the current ellipses with a
period of 10.6 days in both layers are shown in

"Fig. 7. The average speed in the upper layer

is about 1.5 times as large as that in the lower
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Fig. 7. Upper panel: Mean velocity vector in
the upper layer (broken arrow) and that in the
lower layer (solid arrow). Middle panel:
Current ellipse with a period of 10.6 days in
the upper layer (broken line) and that in the
lower layer (solid line). Open circle on the
ellipse denotes the phase at the beginning of
current observation and arrow the direction of
rotation. Lower panel: Wave number vector
for bottom trapped topographic Rossby wave
of period of 10.6 days.

layer. On the other hand, the amplitude of
current ellipse with a period of 10.6 days in the
lower layer is larger than that in the upper
layer. More energetic velocity fluctuation in
the lower layer suggests the existence of bottom
trapped topographic Rossby wave (TOMPSON
and LUYTEN, 1976).

Internal divergence parameter ¢; is defined as

ez:(]—{[ - Di)z. (1)

Here f denotes Coriolis parameter (7.8 X 104!
at 32.6°N), N the Brunt-Viisild frequency, L
the horizontal scale and D the depth. Average
Brunt-Véisild frequency at Stn. T-1 estimated
from Fig. 2is 1.3x 107257, which gives ¢;=0.03
for L=100km and D=2,000m. RHINES (1970,
1977) showed that the topographic Rossby wave
tends to be bottom trapped mode in the case
of &;€1. He gives the horizontal velocity com-
ponent of bottom trapped topographic Rossby
wave V by

V=", cosh<’ffl)z. (2)

Here £ is the horizontal wave number, = the
vertical coordinate increasing upward from the
bottom and V, velocity at the bottom. From
Eq. (2) the ratio of kinetic energies at depth 24
and 2, is

kN s
R COSh<KJ;\]z?> ) (3
cosh (—7-21 ) J

If the physics of topographic Rossby wave holds
good and zp is larger than z;, R is smaller than
1.0. For evaluating R by the observation, the
northward component is used because it should
be less contaminated by nonlinear effect and the
average flow. The ratio of kinetic energies of
the northward velocity fluctuation of period of
10.6 days estimated from Fig. 5 is 0.19 at depths
of 30m and 100 m. The wave number £ and
wave length obtained from Eq. (3) are 0.094 km~!
and 66.8 km, respectively. The phase velocity
C=w/k of this topographic Rossby wave is 7.3
cm s™!. The direction of the wave number vector
f counted anticlockwise from the east is deriv-
ed from FOFONOFF’s (1969) formula.

2Su» ‘

o= . 4

Here Su» the cospectrum between the eastward
and northward components, Su, and Sy are
autospectra of the eastward and northward
components, respectively. The wave number
vector for the bottom trapped topographic Rossby
wave with a period of 10.6 days can be estimat-
ed from Eqgs. (3) and (4) and is plotted in Fig. 7.
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The wave number vector is nearly along the
isobathes and its phase propagates looking the
coast to the right hand. The principal axis of
current ellipse is nearly perpendicular to isobathes
in the lower layer.

Acknowledgements

I like to express may sincere thanks to Dr.
H. TAKEOKA and Mr. Y. IsODA of Ehime
University for their helpful discussions. The
data processing was carried out on a FACOM
M-180 of Ehime University and on a FACOM
M-200 of the computor center of Kyushu Univer-
sity. This study is a part of the special research
project ‘“The ocean characteristics and their
change” by the Ministry of Education, Science
and Culture, Japan.

References

ENDO, H. (1968): Spectral analysis of daily mean
sea level records along the coast of Japan. Report
of Hydrographic Researches, 4, 5-19.

FOFFONOF, N.P. (1969): Spectral characteristics of
internal waves in the ocean. Deep-Sea Res.,
Suppl., 16, 59-71.

IsozaKI, I. (1969): An investigation of the variations

of sea level due to meteorological disturbances:
on the coast of Japanese Islands III. J. Oceanogr.
Soc. Japan, 25, 91-102.

KusoTa, M. (1982): Continental shelf waves - off
the Fukushima coast. Part II, theory of their
generation. J. Oceanogr. Soc. Japan, 38, 323—
330.

KuBoTA, M., K. NAKATA and Y. NAKAMURA (1981):
Continental shelf waves off the Fukushima coast.
Part I, observations. J. Oceanogr. Soc. Japan,
37, 267-278.

RHINES, P. (1970):  Edge-, bottom-, and Rossby
waves in a rotating stratified fluid. Geophs. Fluid
Dyn., 1, 273-302.

RHINES, P. (1977): The dynamics of unsteady
currents. In The Sea, 6, ed. by GOLDBERG, D.
et al., Wiley and Sons, New York, 189-318.

SHOJI, D. (1961): On the variations of the daily
mean sea levels along the Japanese Islands. J.
Oceanogr. Soc. Japan, 17, 21-32.

ToMPSON, R.O. and J.R. LUYTEN (1976): Evidence
for bottom-trapped topographic Rossby waves from
single moorings. Deep-Sea Res., 23, 629-635.

YANAGI, T. (1984): Variability of the dynamical
state of the Bungo Channel (III)—Results of long
period current measurement off Tosashimizu—.
Mem. Fac. Eng., Ehime Univ., 10(3), 253-262.

JEFRIPH D HEME v X v —f

H

R

BS: WEQRENHO AR LT 198149 A~128, EHNRBHET- 2 KE 60 m HiTic
FELZEEEBO L, TREIHEIL, £ THEOME  KE& b 10.6 HEHOEE A
EHMLAR, TEOCORBOEGHT A VF—Z EBOZhI D REL, ¥R 66.8km , AHHEE
7.3cms™ QEFEMBIEMEN D A —HICL > TR b3 LEEIND,





