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Seasonal changes of circulation in North Pacific
by a MOM2 simulation
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Abstract : A Modular Ocean Model (MOMZ2) is used to simulate the circulation of the North Pa-
cific, which is driven by climatological wind stress from HERLLERMAN and ROSENSTEIN (1983).
The climatological temperature and salinity data (LEVITUS, 1982) is used as initial condition.
After 8-years integration for annual forcing, monthly forcing is used to integrate the model for
another 4-vyears.

The model results show that: (1) The Volume Transport (VT) of Kuroshio changes in the
East China Sea from 27.5x10° m*/s(SV) in winter to 32.9 X 10° m*®/s(SV) in summer, which is
in contrast with that derived from Sverdrup relation. The North Equatorial Current (NEC)
bifurcates at northernmost latitude in October and southernmost latitude in May, which influ-
ence the Kuroshio VT on PN section (near the Ryukyu Islands). This is caused by the seasonal
shift of zeroline of wind stress curl over the southern part of the subtropical North Pacific. The
vertical velocity difference is larger in summer, which also results in the a little larger VT of the
Kuroshio on PN section in summer. (2) The Kuroshio bifurcates into two branches at the east
of Taiwan. The main one flows northward into the East China Sea, and the other one flows
northeastward to the region east of Ryukyu Islands. (3) There exists a pecrmanent anti-cyclonic

eddy south of Japan.
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1. Introduction

The seasonal change of the Kuroshio has
been extensively studied, especially on PN sec-
tion (near the Ryukyu Islands). About the Vol-
ume Transport (VT) of the Kuroshio across PN
section, YUAN et al. (1994), using 11 cruises data
from 1987 to 1994, got the result of 28.6 X 10°
m?/s. On average, the VT is strong in summer
than in autumn. ICHIKAWA and BEARDSLEY
(1993) used the hydrographic data from 1986 to
1989 and found that the VT of the Kuroshio
west of the Ryukyu Islands equaled 27.6 + 3.7
X 10°m?®/s. Numerical models have also been
used to explain the reason of a little larger VT
of the Kuroshio on PN section in summer than
that in winter, which is out of phase predicted
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by the Sverdrup Balance. KaciMoTO and
YaMmacaTa (1997) used the POM mode! and
found that the JEBAR (Joint Effect of
BAroclinity and bottom Relief) effect is the
main reason. By a 2-layer model SAKAMOTO and
YAMAGATA (1996) proved that the role of
JEBAR makes the total transport of the
Kuroshio relatively insensitive to seasonal
changes of winds as observed. Also by a 2—
layer model SEKINE and Kursuwabpa (1994)
proposed that some part of VT of western
boundary current passes the eastern side of
Nansei Islands in winter. In fact, the change in
the Kuroshio VT is much influenced by the
variation at the upstream side. Using a reduced
gravity model and 20-years wind data, QiU and
Lukas (1996) found that the Kuroshio (at
20°N) has a seasonally minimum (maximum)
VT in fall when the North Equatorial Current
(NEC) bifurcates seasonally at the northern-
most (southernmost) latitude which is influ-
enced by the shift of wind stress curl of the
North Pacific.
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The motivation of this paper is to find the in-
fluences of the seasonal shift of wind stress
curl over the subtropical region to the seasonal
change in VT of the Kuroshio on PN section.
By a MOMZ2 simulation with seasonal wind and
stratification, we found that the shift of the
NEC bifurcation position caused change in the
Kuroshio VT not only in the low-latitude but
also in the mid-latitude such as on PN section.
The summer stratification is also the reason of
the larger Kuroshio VT on PN section in sum-
mer than in winter.

2. Ocean Model

A Modular Ocean Model (MOM?2) is used to
simulate the circulation of the North Pacific.
The model domain is from 1°N to 61°N and
from 120°E to 90° W. The grid size changes
from 0.25 to 1 degree both in meridional and
zonal directions, most fine in the Northwest Pa-
cific. The model has 7 layers in vertical direc-
tion. The depths at the bottom of each level are
30m, 60m, 192.2m, 694.0 m, 1794.0 m, 3492.1 m,
5560 m, respectively. All the four boundaries
are closed. The ETOPO5, 1/12° world topogra-
phy data set from the National Oceanic and At-
mospheric Administration (1988), is smoothed
to our model grid. On the north and south
boundaries, sponge layers are adapted in which
temperature and salinity are restored to the
climatological values with the restoring time
changing from 25 days outside to 75 days in the
interior. Temperature and salinity are also re-
stored on the surface boundary. Climatological
wind stress data from HERLLERMAN and
RosENSTEIN (1983) is used. The climatological
temperature and salinity data (LevITus, 1982)
is used as the initial condition. The annual forc-
ing is used to integrate the model from the rest
state during 8—years. After that, monthly forc-
ing is used to integrate the model for another
4—years. A seasonal equilibrium has reached
for the upper layers. We have compared
the results between hrizontal eddy viscosity
(SMAGORINSKY, 1963) and constant eddy viscos-
ity. Our result shows that the SMAGORINSKY
scheme is more capable to simulate the
mesoscale phenomena.

3. Computed results and discussion

3.1. Variation of NEC bifurcation position

Figure la and 1b show that the zeroline of
wind stress curl shifts toward the southern-
most latitude in May and northernmost lati-
tude in October. By the Sverdrup relation, the
NEC shifts seasonally (Figs.lc and 1d), and the
shift of the NEC causes the seasonal change in
the NEC bufurcation position at the western
boundary (Fig.2a). Qiu and Lukas (1996) used
the FSU (Florida State University) wind data
and got the similar result. Xu and Yuan (1995)
used the TOGA data from 1986 to 1989 and
found the same seasonal changes in the NEC
bifurcation at the 130°E section.

3.2 East of Taiwan

The Kuroshio east of Taiwan separates into
the two branches: the main brabch flows
through the ridge northeastern of Taiwain and
then flows along the continental slope of the
East China Sea, and the other eastern branch
flows east of the Ryukyu Islands. The two
branches confluence together in the region
south of Japan. Figures 3a and 3b show the ve-
locity structure across the 23.125° N section in
May and October at the 12th model years. The
depth of 20cm/s velocity isoline reaches 600m
in May but only 400 m in October. The maxi-
mum velocity reaches 92.1 cm/s in May and
69.0 cm/s in October. This means that the
Kuroshio is intensified in the upper layer and
the vertical difference is larger in summer than
in winter. This is caused by the stratification
effect in summer. SUN and KANEKO (1994) re-
ported the similar measured phenomena. LIU et
al. (1992) have pointed out that in winter the
Ekman effect of the northeasterly monsoon
caused the shallowing of the thermocline.

3.3. East China Sea

Figure 2b shows the variation of monthly
mean VT of the Kuroshio on PN section. It is
larger in May than in October. The VT in PN
section is 31.0, 31.9, 32.1, 27.5X10° m?%/s in Janu-
ary, April, July and October respectively.
KAGIMOTO and YAMAGATA (1997) got the simi-
lar result by POM simulation. Figures. 4a and
4b are the stream function of May and October
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Fig. 1. Climatological wind stress curl from HerLLERMAN and RoseNsTEIN (1983) (CI=10"*dyn/cm®):
(a) May and (b) October, and stream function from the Sverdrup Balance (CI=5X10°m?®/s):

(¢) May and (d) October.

respectively. Comparing the 60 X 10° m®/ s
isoline in May with that in October, it is closer
to Taiwan in May than in October. This means
that the Kuroshio approaches the eastern coast
of Taiwan with larger VT in May than in Octo-
ber, so that larger VT of the Kuroshio can flow
into the Okinawa Trough through the ridge
and cause a little larger VT of the Kuroshio on
PN section in May than in October. This origin
of this process is ascribed to the fact that NEC
bifurcates at the southern latitude in May than
in October. Therefore we propose that the wind
stress curl and stratification are the main rea-
sons of larger summer VT of the Kuroshio on
PN section. When compared with the real
measurement of VT of the Kuroshio, we shall
be caution that the interannual changes also in-
fluence the VT of the Kuroshio significantly.
KawaBE (1998) have reported that the varia-
tion of Kuroshio VT has 20-year period. Qiu
and Lukas (1996) showed that the wind stress
curl changing with the timescale of the El Nifio

Southern Oscillation (ENSO) can influence the
Kuroshio VT.

3.4. South of Japan

There is a permanent anticyclonic eddy
south of Japan. The VT reaches 115X 10°m?®/s
in winter (in January, not shown here) and 97.
9% 10°m?/s in October (Figure 4b). This is in
consistent with the Sverdrup theory. SEKINE
and Kutsuwapa (1994) has got the similar re-
sult by a 2-layer model.

4. Conclusions

In this paper, we have discussed the influ-
ence of the seasonal shift of wind stress curl to
the Kuroshio VT variation on PN section. The
seasonal shift of wind stress curl firstly causes
the seasonal meridional shift of NEC bifurca-
tion position, which can make the seasonal
change in the Kuroshio VT east of Taiwain,
and at last cause the seasonal change in the
Kuroshio VT on PN section. It should be
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Fig. 2. (a) monthly change in the North Equatorial Current bifurcate position at the 125°E section,
(b) monthly change in Volume Transport at PN Section (unit: 10°m?/s)

mentioned that the interannual changes influ-
ence the VT of the Kuroshio significantly (Qiu
and Joycg, 1992; KawaBE, 1998), and the
mesoscale eddies influence the Kuroshio path
and its VT frequently (YANG et al., 1999). We
got the following conclusion in this study:

1) On the 125°E section the NEC bifurcates at
the northernmost latitude in October and
southernmost latitude in May. This is caused
by the seasonal shift of zeroline of wind stress
curl over the southern part of subtropical
North Pacific. This seasonal shift also causes
the variation of VT of the Kuroshio in the East
China Sea.

2) The vertical velocity difference is larger in
summer. This is caused by stronger stratifica-
tion in summer. This is one of the main reason
of larger Kuroshio VT in summer.

3) The Kuroshio VT on PN section is 31.0, 31.9,
32.1, 275X 10°m?/s in January, April, July and
October respectively. The VT of the Kuroshio
is strong in summer and weak in autumn.

4) The Kuroshio separates into the main
branch and the eastern branch in the east of
Taiwan.
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Fig. 3. Velocity structures at 23.125°N for 12
years integration: (a) May (Maximum
velocity =92.1cm/s), (b) October (Maxi-
mum velocity =69.0 cm/s)
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