
5. Conclusions

1. Introduction
Anticyclonic recirculation gyres (RGs) south of the Gulf St ream in the
North Atlantic and the Kuroshio Extension (KE) in the North P aci�c are
well documented. The RGs signi�cantly enhance the eastward volume and
heat transport of the western boundary currents and their va riability has
been recognized in recent years to be crucial in understandi ng the
low-frequency midlatitude oceanic changes.

3. Mid-Depth Circulation in OfES

In the present study, we frist describe the mean circulation pattern at the
1,500 m depth inferred from the pro�ling 
oats' drift trajec tories, and
then explore the formation mechanism of the inferred Northe rn RG. With
the bottom topography underlying the KE's northern RG essen tially 
at,
we hypothesized that the northern RG is driven by eddy 
uxes a ssociated
with the time-varying KE jet. In order to test this forcing me chanism, we
analyzed the output from the multi-decadal hindcast run of t he OGCM
for the Earth Simulator (OfES).

In the North Atlantic, observations also revealed a RG north of the Gulf
Stream (e.g. Hogg et al. 1986). In contrast, evidence for a RG north of
the Kuroshio Extension is fragmentary. On one hand, moored c urrent
meter measurements over decades have consistently showed s teady
westward 
ows of 2 � 5 cm s � 1 in the deep layers 
anking the narrow,
eastward 
owing KE jet (Schmitz et al. 1987, Schmitz 1987, Ow ens and
Warren 2001, and Fujio and Yanagimoto 2005). On the other han d, there
exists no surface expression revealing the presence of a northern RG in the
KE system (Niller et al 2003).

Schematic of the North Paci�c circulation.Schmitz and McCartney (1993, Rev. Geophys.)

2. Argo Float Velocities at 1500m
Figure below shows the velocity vectors at the 1,500 m depth e stimated
from the 8,813 available pairs of ascending-descending 
oa t positions.
Floats with the parking depth at 1,000 and 2,000 m have their v elocity
values adjusted according to local, climatological geostr ophic shears.
Velocity vectors with an eastward (westward) component are plotted in
red (blue).
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Figure below shows the time-mean velocity �eld at the 1,500 m depth
objectively mapped from the available velocity vectors sho wn in the left
bottom �gure. In between the KE jet ( � 34 � N) and the Subarctic
Boundary ( � 40 � N), broad-scale westward 
ows correspond to the KE's
northern recirculation.
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Figure below shows the mean velocity �eld at the 1,500 m depth averaged
in 2000{2004 from the OFES hindcast run. Velocity vectors ar e
subsampled from the original 0 :1 � � 0:1 � model grid. The inset shows the
accumulative eastward volume transport values across 145 � E, 150 � E, and
155 � E, respectively. The reference latitude is 28 � N.
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4. Formation Mechanism of the RG
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(b) Eddy PV Flux Convergence [1x10-12  s-2 ]
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(a) Mean PV Advection [1x10-12  s-2 ]
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The eddy 
ux-induced mean 
ow can be evaluated by integratin g
pseudo-westward along constant Q contours:

@	

@p
= �r � ( u0Q0) ;

where p is the arc length along the constant Q contour, rescaled according
to @jx j=@p= jr Qj. The results is shown below. Compared to the \true"
	 �eld shown in the last �gure of Section 3 (bottom �gure in the m iddle
column), the inferred 	 �eld generally has the correct sign and this is
particularly true in regions of the northern RG and the Subar ctic Boundary.
Overall, the inferred 	 values have larger amplitudes than the \true" 	 ,
suggesting that the eddy-induced mean circulation is likel y weakened by
the dissipation processes neglected in the turbulent Sverd rup balance.
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We explored the turbulent Sverdrup balance (Rhines and Holl and 1979)

u � r Q ' �r � ( u0Q0) :

In the below �gure (a) shows mean PV advection, u � r Q which can also
be written as J (	 ; Q), (b) eddy PV 
ux convergence, �r � ( u0Q0), (c)
mean PV Q, and (d) scatter plot of u � r Q versus �r � ( u0Q0) inside the
KE's northern RG. All are on the 27.575 � � surface, and Potential
Vorticity (PV) Q is de�ned by Q = f o + �y + � + f o

@�� =@z
@h� � i =@z:

A. Pro�ling 
oat measurements from the KESS and internation al Argo
programs detected the presence of a RG north of the Kuroshio
Extension jet.

B. A similar northern RG is found in the OfES hindcast model ru n.

C. The PV budget analysis based on the model output indicates t hat the
convergent eddy PV 
uxes produce the NRG with the correct sig n,
but an overestimated amplitude.
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Figure below shows the distributions of the mean geostrophi c
streamfunction 	 on the 27.575 � � surface.
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