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Fig. 1. Bottom topography around Hidaka and Fun-
ka bays together with the schematic flow patterns
of the Tsugaru Gyre (Tg) and the preformed Tg
(pTg) during early summer. Contour lines indicate
isobaths of 20 m interval less than 100 m depth, 100
m interval less than 500 m depth, and 1000 m depth.
Two open circles indicate the locations of CTD in-
side and outside of Funka Bay, respectively.
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Fig. 2. Temporal changes in temperature and salinity from 0 to 80 m depth (a) inside (71, Si) and (b) outside (70,
S0) of Funka Bay in 2007 (from Fig. 7 of Shibata et al, 2013). The contour intervals of temperature and salinity
are 1°C and 0.1, respectively. Model representing a period of 120 days is shown by the double-pointed arrow.
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Fig. 3.

(a) Horizontal distributions of MANAL (Meso-scale ANALysis) wind stress vectors around Funka Bay,

which accumulated during the period between the adjoining CTD observational dates in 2007 (from Fig. 6b of
Shibata et al., 2013). The closed circle is Muroran. Horizontal distributions of a (b) surface geopotential anomaly
referred to at 40 m depth (Gpu) and (c) the daily increase rate of salinity St (ASL - dayil) during the period be-
tween the adjoining CTD observational dates in 2007 (from Fig. 9a and 9b of Shibata et al., 2013). The dotted
marks in (b) indicate the hydrographic observational stations and the enclosed region with broken lines in (c)
is the observational area. Arrows in (b) and (c) schematically indicate the inferred flow pattern.

LTwan,

3. BEETFIVOBE

g OWRFET ] b ACHERRZ 53 2 7 D D E TV
% Fig. 4 128 L7z, Fig 4a (3" KERIMIE 2L 72
BREMBETVCTHY, %ibT 23 >0miflEfFod L
TIRBRROKMIAE I >V THERT %, xfh yihxz
hZhfnE L hmE2IEE Ui, BAEICERLZH

BB OKZEIE 200 m PUROWEE % 200m —EL L, 5
12, WEKIE A 5 BICHY 20 km B 7 EEIIE 2 A0
150 km 12 EGIEAEIX L, € TIOVHNTEL T E
BL& TR I C & & HRIC RABE SU ShE B St L
Lic, 7ed, WRABESUSZERIEL Lic ARy D&%
LIS G, NERGEERPFEET 270, HHEN
WORE D BBEFFLTAR Y VEMFFHEL Bho
oo IRFHEG X RPN 2 BRI Z AR E w2 L2
&S DRMEM 2 FEHDSE L 72 |, KK 30 m LR D



56 AR - TR - SR

North

(a)

Inside

1S
X
N
~
yTV
M South
X
(b) 20 km 200 km
North ‘
:0 50 km
50
55 HE
53 P
s MM
y .
1Y N
1
G ) South

Fig. 4.

(a) Regional bottom topography around Funka Bay adopted in the numerical model experiments. The

red broken line is the artificial boundary between the inside and outside of Funka Bay. The northern and south-
ern closed boundaries at the outside of the bay artificially extend to the east and its eastern end boundary is
closed. The water depth of the region deeper than 200 m is set to be constantly 200 m. The two open circles
are the grid points corresponding to CTD points as shown in Fig. 1. (b) Model geometry of the simple conical
channel type. The red broken line is the boundary between the long channel and channel-head topographies.
The N-S solid yellow line is the cross channel section discussed in Figs. 12 and 13. The eastern boundary is

open.
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Fig. 5. Model results of temporal changes in temperature and salinity from 0 to 80 m depth (a) inside (71, Si)
and (b) outside (70, So) of the bay, corresponding to those of Fig. 2.
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Fig. 6. Model results of horizontal distributions of current vectors at the surface layer (1 layer) on day 20, 40,

60, 80, 100, and 120, respectively.
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(a) No River

(b) No pTg

(c) No Heat

Fig. 7. Horizontal distributions of current vectors at the surface layer (1% layer) on day 120 for the six model
cases of (a) “no River,” (b) “no pTg,” (c) “no Heat,” (d) “only River,” (e) “only pTg,” and (f) “only Heat.”
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(a) 40 day
e
Surface
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(b)

Middle
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Fig. 8. Horizontal distributions of current vectors at (a) the surface layer (15 layer) and at (b) the middle depth
of each location (10th layer) for the model case of “only Heat” on day 40, 80, and 120, respectively. The N-S sol-
id green lines are the selected grids to denote the vertical sections shown in Fig. 9. The red and blue arrows
schematically indicate eastward and westward flows across the N-S cross section.
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Fig. 9. Vertical sections of (a) temperature (solid lines) with current velocity (broken lines) and (b) vertical ed-
dy diffusivity Kz (viscosity Az) along the N-S solid green lines shown in Fig. 8 on the day 40, 80, and 120, re-
spectively. The bottom-intensified flow is marked by “BL”
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Fig. 10. Model results on day 120 for the cases of (a) Kz(4z) =10x10"m%s ™", (b) 25x10 "' m%™, and (c, d)
1x10*m*s . Horizontal distributions of current vectors with temperature at the surface layer (1! layer) (upper
panels), vertical velocity at the middle depth of each location (10t layer) (middle panels), and current vectors
with vertical velocity at the bottom layer (20 layer) (lower panels).
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Fig. 12. Model results on day 120 for the two cases of a large Kz(4z)=10x10"m’s™ (upper panels) and a small

Kz(42)=1x10"m’s" (lower panels) along the N-S solid yellow line shown in Fig. 4(b). (a) Vertical sections of
temperature: 7 (solid lines) with alongshore current velocity: u (broken lines). The arrows indicate the second-
ary circulation estimated by distortion of the isopycnal surface. The bottom-intensified flow is marked by “BL”
(b) Vertical sections of the secondary circulation represented by v-w vectors (offshore and vertical velocity).
Symbols A and B show two interior circulations driven by buoyancy forces.
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Fig. 13. Same as Fig. 12 except model-estimated vertical heat transports of the (a) diffusive term (Dif), (b) ad-
vection term (Adv.), and (c) their sum (Dif+Adv.). The unit of transport is °Cs . Upward and downward flows

are drawn by red and blue colors, respectively.
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Fig. 14. Same as Fig. 10 except no-shelf topography at the channel head for the two cases of (a) a large Kz(4z)
=10x10"m*s ' and (b) a small Kz(4z)=10x10 "m?s ™. Red and blue schematic arrows in the middle panels show
the propagation of internal Kelvin waves generated by upwelling and downwelling around the channel head, re-

spectively.
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(@) K(A,)=10x 104 m2 s
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Fig. 15. Same as Fig. 11 except no-shelf topography at the channel-head for the two cases of (a) a large Kz(4z)

and (b) a small Kz(4z).
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1

Fig. Al Horizontal distributions of current vectors at the surface layer (1% layer) on day 110 and 120, respec-
tively, for three wind-driven model cases of (a) an easterly shear wind in the bay, (b) an easterly constant
wind, and (c) a southeasterly constant wind. The shear wind in case (a) was imposed in the western region of

the red line boundary.
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Fig. A2 Same as “only River” in Fig. 7d except imposing a restriction of river inflow (Q = 15x10’'m’day 1) along
the green line within Funka Bay for the two cases of (a) Q and (b) 4xQ.
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Numerical experiments of surface clockwise circulation in
Funka Bay during early summer

Naoto Kobayashi'* Yutaka Isoda? and Kazuki Horio?

Abstract

A current system consisting of surface clockwise circulation is the most remarkable feature
observed in Funka Bay during early summer. The present study investigates its formation pro-
cess using a numerical model driven by the following three factors during the typically strati-
fied season, ie, (1) freshening of coastal water because of river discharge, (2) density inflow of
Tsugaru Gyre water, and (3) surface heat flux. It was found that the “topographic heat accu-
mulation effect” resulting from surface heating is essential for the genesis of the surface clock-
wise circulation. Because of the surface offshore flow generated by the thermal contrast be-
tween the shallow coastal and deep central regions, a weak anti-clockwise geostrophic flow is
initially formed. Nevertheless, with continuous thermal forcing, after a few months, this offshore
flow gradually reinforces the upslope transport of cold dense water. When the cooling resulting
from the dense water upslope dominates in comparison to the downward heating resulting from
vertical diffusivity around the coastal sea bottom, the coastal water is relatively colder than the
offshore surface water. Therefore, shallowing of the interface toward the coast drives the geos-
trophic flow proceeding along the coast to the left-handed side. In response to this change, an
isolated clockwise circulation begins to establish from the surface layer of the northern bay-
head, while an initially formed anti-clockwise flow migrates to the deeper region.

Key words: Funka Bay, surface clockwise circulation, sea surface heating, topographic heat
accumulation effect
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