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of one island because it is simple, can be dealt with analytically,This point is subtle and we will explain it further. In a strictly

and is sufbcient to elucidate the windBbuoyancy question. Thenathematical sense, the Belt Constraint must be equal to the Ek-
MOC derived from the Belt Constraint is shown to be consis-man transport because itis the net Bow across a closed latitudinal
tent with GodfreyOs original Island Rule (IR) when sinking isintegration path where at any depth below the Ekman layer the
accounted for between the island tips (Godfrey, 1989; Pedloskyntegrated geostrophic transport must be zero. However, in the
et al., 1997; Firing et al., 1999; Stanton, 2001). sense that eq. (3) represents northward Rowing water that sinks

Next, we show that the ocean aligns the global buoyancy forcto depths below the ODrake PassageO topography, it does not cor-
ing to the SO wind forcing by adjusting its stratibcation. In Sec-respond to the surface water in the Ekman layer. The water that
tion 3, this is shown conceptually with the use of a salinity andwill eventually reach the NA to sink there enters the SA on the
temperature box model and a temperature slab model. In Sectiogast through the Sverdrup interior. In fact, the actual water mass
4, areduced gravity model, adapted to include buoyancy forcingthat returns southward at the latitude of the Belt Constraint may
is used to illustrate the stratibcation adjustment numerically. Wenever have been in the Ekman layer at that latitude. Consider fur-
discuss our results in Section 5 and present our main conclusiortker that, if it is strictly the Ekman layer water that represents the
in Section 6. upper limb of the meridional overturning cell, then the sinking in
the Pacibc must necessarily be twice as strong as in the Atlantic,

a fact which we know to be false. This issue is discussed in detail
in Nof (2003) and Nof and De Boer (2004).

The amount of water that converges between the tips of
Consider a single meridional elongated island on a spher¢he island in Fig. 2 can now readily be derived from the Belt
(Fig. 2). The net northbsouth transport across the zonal corZonstraint (3),
tours passing through the island tips can be derived analyticall o
as follows. We integrate the linearized Boussinesq momenturﬁv = Q1S Qq “)
equations for a continuously stratibed Buid from the surface to gyhere the subscripts 1 and 2 refer to the southern and northern
Pxed depthi, below the Ekman layer (so that the stress is zero)ips, respectively. Steady-state conditions require that an amount
and above the bottom topography, of water,W, sink belowH and return to its origin. We assume

2. The Belt Constraint and the windbbuoyancy
connection

N <« P « adequate bottom topography at the latitude of the island tips to
S ofV=S X H @ enable a geostrophic return Bow at depth.
Therefore, the wind drives a meridional overturning that re-
Jfu=23 _P + YS RV, @) quires sinking and rising of water (to connect the opposing sur-

face and deep Rows). In a stratibPed ocean, large vertical excur-
where , is the mean density, is the Coriolis parameter and sions are accompanied by buoyancy transformations. The den-
U andV are the depth integrated zonal and meridional velocity,Sity changes are facilitated by surface heat and freshwater Buxes.
respective|yp isthe depth integrated pressure (from the SurfaceHerem liesa paradox. There is no known direct relation between
to H, apredetermined depth which is not necessarily a level ofthe strength of the SO winds and the global buoyancy forces.
no motion and is slightly above topography) ands the surface ~ Traditionally, wind and surface buoyancy Buxes have been re-
wind stress in thé direction. Note that, for clarity, all variables garded as independent forces, but the above example indicates
are debned in both the text and the Appendix. Equations (1jhat they must be aligned. The main purpose of this study is to
and (2) correspond to a Sverdrup interior and frictional westerrinvestigate this connection.
boundary currents. Most of the energy dissipation occurs in the Before continuing, we briey show that the current geometry
western boundary region through the teRW (whereRis a  highlights a problemin the application of GodfreyOs IR (Godfrey,
frictional parameter). Integrating eq. (1) zonally around an 0penl989) to large islands and how this can be corrected. Our starting
latitude band free of continents eliminates the pressure term sBoint is again the horizontal momentum equations. We integrate

that eg. (1) along AB and CD (see Fig. 4) and eq. (2) along BC and
X DA. Adding the four resulting equations yields
Q=S ®3) .
o oS f1Q1+ f2Q2) = far, (5)

whereQ; is the transport across the integration patfrom the

surface tdH. For the remainder of this paper we refer to eq. (3), where, again, the subscripts 1 and 2 refer to the southern and

previously derived by Nof (2003), as the Belt Constraint. northern island tips so tha®, , are the transports across AB
Again, itis emphasized that, even though eq. (3) looks like ancand CD, respectively. The integral " dr is the counterclock-

must necessarily be equal to the Ekman transport, it correspondsise integrated wind stress along the path. Because the frictional

to the water mass associated with the Sverdrup transport alongrmRV is of O(1) only in the western boundary region (which

the eastern side of the basin rather than the Ekman 3ux itselfve avoid in this integration), it does not enter the rest of the

Tellus 57A (2005), 5












