
















































































deepened substantially, the closed recirculation which was near y/R � 0 has now shifted
northward and a new cyclonic recirculation cell has developed just to the east of the island
in southeast. As in the numerical runs, these cyclonic experimental runs are steady. There
is no evidence of the large-scale variability in the meander and vortex shedding found for
the anticyclonic runs with �I /�M � 2. Cyclonic forcing for �I /�M � 3.5 induced
substantial variability in the flow at precisely the lid frequency, suggesting an experimental
issue. This prevented useful cyclonic experiments above this value to check the numerical
result of a transition to time-dependent flow at �I /�M � 4–5.

u/U
s
 = 8

x/R

y/R

a)  δ
I
/δ

M
 = 1.05

−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1
−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1 u/U
s
 = 8

x/R

y/R

b)  δ
I
/δ

M
 = 2.50

−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1
−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

u/U
s
 = 8

x/R

y/R

c) δ
I
/δ

M
 = 3.50

−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1
−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

Figure 26. Mean velocity vectors scaled by US for cyclonic forcing at (a) �I /�M� 1.05, (b) 2.50, and
(c) 3.50.
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iii. Transport. The total transport to the east of the island TI is evaluated from the mean
meridional velocity v(y) and depth h(y) along x/R � 0. This transport is shown in Figure 27a
where it has been scaled by the theoretical linear island stream function, �I, given by (4.23a).
Also shown in Figure 23b is the transport, TT, to the east of the bounding closed geostrophic
contour (at x/R � 0.185 along y � 0). It has been scaled by the theoretical estimate �T from
(4.22a). For both cyclonic and anticyclonic forcing TI /�I is always less than about one.
Cyclonic and anticyclonic forcing transports agree for moderate nonlinearity �I /�M � 1.5, but
diverge as the nonlinearity increases. The anticyclonic transports (both TI and TT) increase
smoothly and appear to plateau for �I /�M � 2.5. While the cyclonic transports steadily
decrease. The anticyclonic transport ratio, TT/TI, is approximately 0.8 independent of �I /�M.
The average cyclonic ratio is slightly larger, � 0.85, and increases weakly with the nonlinear-
ity. The experimental transports are lower and the ratio slightly larger than the numerical results
of Figure 13. However, the overall agreement in the anticyclonic case is quite good.

7. Conclusions and discussion

Although the circulation around planetary scale islands has its own intrinsic fascination,
its importance oceanographically is connected to its role in determining the exchange
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Figure 27. (a) Mean transport to the east of the island TI scaled by �I versus �I /�M. The circles (squares)
indicate anticyclonic (cyclonic) forcing. (b) Mean transport east of the bounding geostrophic contour TT

scaled by�T. (c) The ratio TI/TT. The solid symbols indicate runs with unsteady flow east of the island.
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between adjacent basins. The by now classical example is the flow around Australia which,
as Godfrey (1989) pointed out, is an essential element in the global meridional overturning
circulation.

Earlier theoretical studies have described the dynamics of flow around islands with
vertical side boundaries. In this paper we have emphasized the important changes that take
place when strong, encircling topographic slopes are considered. In particular, the
appearance of closed, ambient potential vorticity contours, f/h has been shown to trap fluid
in a resonant geostrophic mode with flow following q � f/h contours and whose
amplitude, under wind stress forcing, is limited only by dissipation as described by (4.16).
It also follows that the value of the barotropic stream function on the island, i.e. the Island
Constant �I, is probably not the best measure of the inter-basin mass exchange since a
portion of that flux is trapped over the q contours. The value of the stream function on the
outermost closed contour, �T, is likely a better measure of the true inter-basin exchange. In
the linear limit, �T closely agrees with the island constant obtained for an island whose
shape is determined by that outermost contour.

Since both constants are determined by what are, in reality, vorticity budgets in domains
with open boundaries, it is not surprising that these measures of the fluxes, both trapped
and inter-basin, depend on the degree of nonlinearity of the flow which is responsible for
changes in the flow structure. Both numerical (Fig. 13) and laboratory experiments (Fig.
27) show similar enhancements of both �I and �T with respect to the linear theoretical
results of Section 4. We have not yet determined the mechanism in detail for the nonlinear
enhancement; is most likely due to a combination of causes. The enhancement in the range
1 � �I /�M � 2, where the flow is steady, must be due to the alteration of the steady flow
structure and the increasing north-south asymmetry. Larger nonlinearity, where the flow
becomes unstable and eddy-rich, may have important contributions to the vorticity budgets
in the domains used in the linear theory by eddy fluxes. Describing that mechanism more
clearly is a subject for future work.

The presence of the topographic skirt imposes an asymmetry between cyclonic and
anticyclonic wind stress forcing such that the threshold for the appearance of time-
dependent eddy fields is considerably raised in the cyclonic case. This is another example
(see LaCasce et al., 2008) where the direction of propagation of topographic waves, either
with or against the wind-driven flow, strongly affects its transition to time dependence.

A robust feature of the flow structure over a broad range of forcing, i.e. over a range of
�I /�M is the western meander appearing at the western edge of the skirt where the flow,
driven along the f/h contours on the skirt leaves the skirt and its topographic control and
blends into the Sverdrup interior west of the skirt. The abruptness of the trajectory change
is due to the rapid change in the direction of the f/h contours and has been observed in both
our numerical and laboratory work. In cases such as the one examined here where the
topography is steep, the change in direction of the flow becomes dramatically abrupt.

Since the effect of topography is so dramatic in altering the circulation around the island
we have considered, it seems of interest to also examine in the future what role density
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stratification might play. For an island with vertical walls the barotropic mode, yielding the
vertical average circulation, remains essentially unchanged in the presence of stratification.
The presence of topography mixes the barotropic and baroclinic modes of motion and it
remains to be seen how the joint effect of topography and stratification (JETS) will affect
the transport between basins as well as the vertical structure of the exchange. As we have
pointed out earlier, the identification of the outermost closed q contour with the island
shape satisfying the Island Rule could be fundamentally altered in a more turbulent regime
as might occur in a baroclinic ocean with a wider range of instabilities. We expect to
examine that possibility in a future study.

Finally, in our present configuration the dynamics of the flow near the island is strongly
coupled to the dynamics of the basin’s western boundary layer, most strongly in the exit
region of the boundary current. This is especially important for the development of
time-dependent motion. This coupling is inescapable if we use an island extended far
enough in the north-south direction to block both the eastern and western streamlines of the
gyre’s Sverdrup flow. Given the nature of the forcing we have used (constant wind stress
curl) the variation of the Sverdrup stream function in latitude is determined entirely by the
curvature of the eastern boundary. It would be interesting to introduce different forcing,
also reproducible in the laboratory, that would allow the island to experience both eastward
and westward flow while at the same time being well separated from the intricate flow
behavior of the western boundary current. Such possibilities are being examined.
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