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veered by topography. For instance, the Bering Slope current is veered by the Bering Slope
until it reaches a ridge at (176W, 57.5N), causing a bifurcation into two branches. The
Shirshov and Bowers Ridges clearly veer the current that flows along the isobaths. The
Kamchatka Current is another example that bears the signature of both the topography and
coastline.

3.3 The Bering Sea shelf circulation

The summer vertically-averaged circulation on the Bering Sea shelf ( Figure 7a) is rel-
atively weak ( <5 cm/s) , flowing northwestward or northward. The water enters from the
Unimak Pass bifurcated into two branches: one branch flows directly into the Bering Slope
along the 200-m isobath via the east side of the Pribilof Islands, then flows (34 cm/s)
northwestward along about 100-m isobath, and eventually joins the current of the Gulf of
Anadyr in the Bering Strait. Most of the Anadyr Current flows along the Siberian coast,
which agrees with the observations[18:3] | The other branch (about 34 cm/s) flows north-
eastward along the Alaska Peninsula into Bristol Bay. The current in Bristol Bay flows anti-
clockwise along the isobaths, and bifurcates as it exits the bay. One branch (about 2-3 cm/
s) flows approximately along the 50-m isobath northwestward in the middle shelf and enters
the Bering Strait. The other branch (1-2 cm/s) flows northward along the Alaska coast,
passes the Nunivak Strait, turns anticlockwise (5 cm/s) in the mouth of the Norton Sound,
and enters the Bering Strait.




Modeling the ocean circulation in the Bering Sea 205

178°W  174°W  170°W  176°W  162°W  158°W

54.0°N =

Fig.7 Model-simualted Bering Sea Shelf vertically-averaged current in summer ( upper panel) and in winter
{lower) . Black arrows indicate current velocity smaller than 10 cm/s and red arrows indicate current
velocity greater than 10 cm/s. The green contours denote isobaths in meters. The thickened arrows show
cyclonic/anticyclonic ( anticlockwise/clockwise) circulation patterns in Bristol Bay and Norton Sound in
summer/ winter. .

The winter circulation is similar to the summer circulation in the middle and outer Be-
ring Shelf (Figure 7b), but with a larger magnitude due to predominant wind forcing. The
surface current direction differs from the bottom current direction. The surface current fol-
lows the wind direction, whereas the vertically-averaged current flows northerly or north-
westwardly. In the inner shelf, the currents vary noticeably. The water exiting from Bristol
Bay flows southwestward to 163°W, 55°N along the north of the Alaska Peninsula. This
current in Nunivak Strait becomes strong ( about 5 ¢cm/s) and flows northward. The cur-
rents in Bristol Bay and in Norton Sound flow clockwise in winter compared to the anticlock-
wise circulation in summer, consistent with previous observations(3!.

3.4 The shelf-break counter current?

Just north of the Bering Slope Current, the model captures a narrow (30-50 km)
counter current ( Figure 8) almost parallel to the Bering Slope Current, which extends from
179°E, 62°N to 168°W, 55°N along about 200 m isobath. The current tends to be stronger
while it flows southeastward possibly because of the entrainment of water from both the shelf
and the Bering Slope Current. The entrained water from the shelf is mainly located at 176 -
178°W, 59°N, while the entrained water from the basin is located at about 173 - 172°W,

57°N. This counter current is stronger in summer ( from July to November, about 5-6 cm/
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s) than in winter-spring ( from December to June, about 34 cm/s). The model results
show that the Bering Slope Current provides major water to the counter current. Although a
current vector opposite to the Bering Slope Current was observed near the 200-m isobath
(see Sl11 in Fig. 2 of Cokelet and Stabeno 1997) [31] " more observations are required to
support the existence of this counter current.
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Fig.8 Model-simulated shelf break counter current. Black arrows indicate current velocity smaller than 10 cm/
s and red arrows indicate current velocity greater than 10 cm/s. The February vertically averaged cur-
rents in the slope and shallow shelf basically flow northward or northwestward, while the shelf break
counter current (5-10 em/s) flows southeastward almost along the 200-m isobath ( the green contours) .

3.5 Vertical features in the shelf break-slope area

Nutrient transport from deep basin to the shelf is considered to be one of the main fac-
tors for high primary productivity on the shelf break, such as in the Bering Sea Green
Belt[32:33] Overlying the continental slope, the shelf break front separates the shelf water
from the deep basin water. Available data show that this front persists throughout the
year[3]

The velocity of the Bering Slope Current ( Figure 9a) is about 40 cm s !, flowing
northwestward along about 1000-m isobath, which is located at a downwelling ( about 10 ~3
m s~ !) area (Figure 9b). The shelf break counter current flows southeastward along about
200-m isobath ( Figure 8), corresponding to the upwelling area (Figure 9b).

The simulated temperature (Figure 9c) and salinity ( Figure 9d) fronts on the shelf
break (at depth at 80-120 m) are clearly captured. The 4.5-5.5°C isotherms at 80-120 m
tend to be bended beneath. There is a salinity gradient ‘change from 32. 4 to 33. 0 psu,
which corresponds to the upwelling area (Figure. 9b). This upwelling band may be one of
the mechanisms that can maintain the Green Belt by pumping the nutrient-rich subsurface
water upward to the upper layer. .
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Fig.9 Model-simulated vertical features in the shell break-slope areas, (a) Along-shore velocity (m/s) nor-

mal to the section, values > 0 indicate the northwestward flow, and < 0 indicate the southeastward
flow. (b) Logarithm of vertical velocity log (w). The colored area is upwelling and the blank area is
downwelling. (¢) Temperature ( °C) : the isotherms tend 10 bend beneath in the shelf-break area ( 80-
120 m) , and (d) Salinity ( psu): there is a salinity fromt between 33.4 and 34, 0 psu in the shelf-
break area (80-120 m).
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The mechanisms of the upwelling and downwelling as simulated could be very com-
plex. Mesoscale eddies may be one of the causes that can cause convergence and divergence
zones near troughs and ridges of a mesoscale eddy[33-3
both modeling and observations.

!, This needs detailed research by

4 Conclusions and discussion

Based on the above resulis, the following conclusions can be drawn:

1) The model reproduced the observed circulation pattern. The circulation in the deep
basin has a cyclonic circulation with little seasonal changes. The deep basin transports are
a result of barotropic, baroclinic, and wind-driven circulation. The overall general circula-
tion pattern is steered by topography and superimposed by multiple large gyres. The major
current transports were compared reasonably to observations.

2) The Bering Shelf currents are weak and northward or northwestward with seasonal
variations. The winter current is stronger than in summer due to predominant wind forcing.
In contrast, the Gulf of Anadyr Current is stronger in summer than in winter due to stronger
barotropic transport via the Bering Strait. In the inner shelf, the circulations in Bristal Bay
and Norton Sound are cyclonic in summer compared to the anticyclones in winter, compa-
ring reasonably with the previous measurements.

3) A counter current was captured, which flows southeastward along 200 m isobath a-
gainst the Bering Slope Current, is located at an upwelling area on the shelf break (120-
1000 m). However, its existence needs to be proven by systematic observations. The
mechanisms of this current may be due to the entrainment of both the Bering shelf water and
Bering Slope Current water. Strong wind forcing may be responsible for the counter current.
The mechanisms of the counter current and the mechanisms of upwelling and downwelling
regions were not investigated in depth in this study. More observational, numerical, and
theoretical research is recommended to identify these processes and mechanisms in the near
future.
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