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Abstract

The ocean circulation induced by zonal winds has been derived for a triangular ocean basin.
The method, which involves the *“boundary layer’” technique, can be cxtended to a more
general wind system, and to ocean basins of arbitrary shape provided the boundaries are not too
irregular. In low and mid-latitudes the principal effect of an inclination, ©, of the western bound-
ary relative to a north-south direction is to widen the western current (Gulf Stream) by the
factor (sec @)1/3 and to reduce the current intensity by a similar factor. A variation in the
circulation pattern associated with the variation in the value of the latcral eddy viscosity is noted.

Introduction

The wind-driven circulation in a rectangular
ocean basin has been discussed by Hipaka
(1949) and by one of us.3 The actual shapes of
the North Atlantic and North Pacific Oceans
deviate greatly from that of a rectangle, but
resemble somewhat more closely triangular
or semicircular basins, the two cases consid-
ered in this paper. The solutions obtained indi-
cate the effect on western currents, such as
the Gulf Stream and Kuroshio, of the orienta-
tion and curvature of the coast line.

The equation of mass transport and boundary
conditions

The stream lincs of mass transport, y, obey
the equation (WOC)

(AA4 — ﬂ%) p = — curl,T, (1)
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where A is the kinematic eddy viscosity per-
taining to lateral stresses, V4 = 9%/Jx* +
+ 20%/9x?Iy? + 9*/dy* is the biharmonic ope-
rator,

is the rate of change northward (positive y) of
twice the vertical component of the earth’s
angular velocity 2, f the Coriolis parameter, R
the earth’s radius, ¢ latitude, and curl;t the
vertical component of the wind stress curl.
The positive x-axis extends eastward.

Equation (1) is essentially an integrated
version of the vorticity equation, and expresses
a balance between three torques: the lateral
stress torque, the planctary vorticity, and the
wind curl. The equation has been derived
(WOC) by integrating the equations of mo-
tion (including horizontal and vertical tur-
bulent stresses) from the surface to some
depth where the motion and horizontal pres-
sure gradients essentially vanish, and then per-
forming the curl operation. Observations have
shown that the velocity of the wind-driven
currents at depths of one or two thousand
meters equals lgut a small fraction of the sur-
face vclocity.
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Fig. 1. Dimensions of triangular ocean basin. The wind

stress T varies from — ["at y’ = o (p = 15°N), to + [’

at ¥ =7 (p=50°N). A unit distance equals 35°

latitude/7z, or 1032 km. In these units r” is the latitudinal

width of the ocean basin, and p§ the distance from the
western boundary.

Two considerable simplifications result from
working with the vertically integrated equa-
tions. In the first place, we can examine the
case of a baroclinic ocean without having to
specify the vertical distribution of density
and current; secondly, only the vertical stresses
at the upper boundaries need to be specified,
and those can be computed from the known
wind field over the ocean. ‘

For a wind system we set

3)

giving maximum easterlics at y = o (latitude
15°) and maximum westerlies at y = z/n (see
fig. 1). The method can easily be extended to
an arbitrary distribution of zonal winds, and
under certain conditions to a general wind
stress field (WOC). '
Assume a triangular ocean basin with the
dimensions shown m fig. 1. For the boundary
conditions along AC and BC we choose

(42,b)

where v is normal to the boundary. Along AB

(9*9/2v*)pary = 0. (53, b)

1. =—1"cosny, 7, =0

Yoary = 0,  (I9/IV)bary =0

Pbdry = O,

Equations (4a) and (s5a) state that the bound~
ary ABCA is a stream line. According to
(4b) no slippage takes place along the land
boundary ACB, whereas according to (sb) no
lateral shear exists along the sea boundary
AB. The boundary conditions are equivalent
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to those imposed on a rigid plate clamped
along the coast line ACB and supported along
the latitude line AB (WOC).

Solution by boundary layer method

Introducing the non-dimensional parame-
ters ' = By/l, 1" =nr, x" =nx, y' =ny,
nt ’4 = 4, and writing k3 = 8/ A, equation
(1) becomes

3 4 _a_> ' — ¢ 4
<7 Vo) y =siny, (6)
where y = n/k is the ratio of the wind wave-
number n to the “Coriolis friction” wave-
number k. The distance 7/n between the easter-
lies and maximum westerlies is roughly 3500
km; it will be shown that
27 (sec @)4/3

V3 k
is roughly the latitudinal width of the western
currents, say 350 km. Setting @= 60° for the
Pacific gives y = .035.

Inspection of equation (6) now shows that
the problem belongs in the “‘boundary layer”
category. The leading term (which contains
higher order derivatives than all other terms)
has a coefficient 93 < 1. The asymptotic
solution of equation (6) (i.e., the solution which
becomes more and more exact as p3 — 0)
can therefore be anticipated to give a good
approximation to the exact flow except in
the vicinity of the boundary intersections.

The conventional procedure for obtaining
this solution is the following. We find a parti-
cular solution of equation (6) by neglecting
the term containing 93 Such a solution is

()

In order to obtain the homogeneous boundary
layer solutions which lead to the determina-
tion of d and the satisfaction of the boundary
conditions, it is convenient to introduce the
following coordinate system (fig. 1):

P'C=—x'siny 4 dsin y"

x' ¢
E="—"tan O, =y, 8
T y (8)
so that

pC=(—ypé—Ctan®+d)sing (o)



and
% I d 0 I J J
(?:;(—7—,7}/,—:—77@ tan@o—é“{'()—é_'
(10)
In equation (10)
?(¢) = _Q@:I_1(¢_¢) tan g
y & 3 ’

(11)

is a correction involving the second derivative
of the Coriolis parameter. Here ¢, is the lati-
tude at which y = { = o, about 15° N. The
correction 1s small at low latitudes and amounts
to 2§ per cent at 50° latitude.

It is scen that variations in the y-direction
involve ¢ explicitly as well as implicitly
through &. Since y < 1, it follows that only

the latter need be considered, so that
(')4
&

Vi yip (12)

where

p3={(1 + @ an*O) (13)

With these substitutions the asymptotic
form of the homogeneous equation becomes

P A
JE Jg) ¥V T°

with the solution »' == "% +4 p’#, where

(14)

I T
. 1 Ly — e FVIDpE | ‘
p'W="(a-ib)e =2 sin & -+
2

L =3 pe

%—%(a»—ib)c* 2 sin &,

(15)

— b9

'E “sin £.

f=gce 16
] (16)

Itis scen that " decreases exponentially with
distance from the western boundary and 3¢
+ ‘W is therefore the western boundary
solution; similiarly u'¢ + 3% is the eastern
boundary solution; whercas 9’ is the solu-
tion in the central portion of the ocean.

The boundary conditions (5) along AB are
already satisfied. The constants a, b, ¢ and d
can be evaluated from the boundary condi-
tions along ABCA. Along the western bound-
ary & = o, and equations (4 a, b) give

—(ltan@ 4 d+a=o, zy/p+a—\/§b:o.
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Along the eastern boundary & = r’/y, where
r' = ry’(1—{/m) 1s the (non-dimensional)
latitudinal width of the ocean, and r'y =
(tan @ + tan ) the width at { = o. The east-
ern boundary conditions give

—r' ' —Ctan@ +d+c=o0, —y/p+c=o.

The boundary conditions can be combined to

yield

a=—1r" {1—¢), c=r¢,

Vib=—71 (1—3¢), d=r'(1—¢) +{tan g,
(17)

where e = y,pr' is a small quantity. The
approximation involved in the non-homo-
gencous term (7) can now be cstimated by
performing the operation indicated in equa-
tion (6) on y’*:

<V3 A4 73) p'C = siny’ [1- 3 (d—x")]

The exact solution requires that the right side
equal sin y’. Since d—x'=r" (1—¢)—yé&, or r’
at most, the neglected term 1s less than 3%,
that is less than 1 per cent.

The solution becomes

2
— 3¢}
. V3 2

(Epf—{—ﬂa—z)’i" I —
2 2 6

ps

I

cos

yp =r"sin{

.Me(p‘E—-cpf*”—l)jl. (18)

For north-south boundaries, ® = o, p =1,
and the equation reduces to the rectangular
case discussed in (WOC). The first term in the
bracket gives the variation of 3" with x near
the western boundary, as shown in fig. 2.
It indicates a series of exponentially ““damped”
boundary vortices, with a strong north-flowing
current and countercurrent in the western
vortex, both of latitudinal width 2a/y3 pk.
The principal effect of the inclined western
coast line 15 to widen the western current
(measured normal to the boundary) by the
factor

p! cos O =~ (sec @)13
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tion of the castern boundary is important only
insofar as it involves the width r of the oceans.

Circulation of the Pacific Ocean

Fig. 3 shows a chart of the Pacific Ocean on
which north-south and west-east distances
have been preserved. The basin north of
15° N is approximated by an isosceles triangle
with a base of 13 units and altitude of 4 units
(1 unit = 1032 km, see fig. 1). A rectangle
is also drawn, which has the proper width at
a latitude of 32.4° N midway between the
casterly and westerly winds.

Figs. 4—6 show the computed stream lines
in the triangular and rectangular ocean basins
for the following numerical values of the

t
I
i 1
- CURRENT | CURRENT | : parameters:
i ! Fig. 4 Fig. s Fig. 6
| WESTERN VORTEX | EASTERN VORTEX . . .
i Shape of basin triangle rectangle triangle
. bound Aincm2sec™! 2.5.-107 2.5-107 108
Fig. 2. East~west variation of g’ near the western bound- : ° ° °
ary for an infinitely wide ocean [equation (18) with 7T/ 35° lat.  35°lat. 35° lat.
&= 0]. The arrows indicate the direction and intensity of At 300 N latitude:
the long-shore component of the current. Compare o 1 e _q g
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5% .040 0.040 .064.
and to reduce the current intensity by a similar  p 445 1.00 445
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ated with an inclination of the coast line is ;
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Fig. 3. Chart of Pacific Ocean. The outer scales give distances in km west or east of 180°, and north of equator.
The circulation induced by a zonal wind stress distribution (shown to the left of.the ﬁgure) has been computed
for the cases of the triangular and rectangular oceans drawn in the figure.
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Fig. 4. Computed transport stteam lines in the triangular occan basin for A = 2.5 - 107 ¢m? sec™!. The lines

represent equal values of (B,/1)y. The curve to the left represents the variation of 4 with latitude. Unir distances

along the x~ and y-axis cqual 1032 km. The section between x = 1.5 and x = 4.0, y = 0.5 and y = 2.0 has
been redrawn on an cnlarged scale in Figure 8.

The last two lines give the latitudinal and
actual widths of the western current and coun-
tercurrent at the latitude 30°N wherc these
currents attain their maximum intensity.

The stream lines arc drawn! for equal valucs

of

/qu _ 05 P i ¢ [fpé ol

I cos (19)

where f, is the valuc of # at y’ = o. The func-
tion in the bracket is the one in cquation (18).

1 The approximations involved break down ncar the
northern vertex of the triangle where the 2 boundary
strips overlap. In this region the stream lines have been

The expression preceding the bracket is a
function of y only, and shown to the left of
figs 4 and 5. In the case of the triangular
ocean this function vanishes at latitudes 15° N,
s0° N and 60° N, and accordingly divides
the circulation into an anticyclonic and a
cyclonic gyre. These gyres have been named
the subtropical and subpofar gyres (WOC),
and correspond roughly to the regions of the
subtropical anticyclones and of the cvclonic
storms, respectively. In the casc of the rec-

estimated. Because the rcal and abstracted boundaries
differ greatly in this small region, it scems hardly worth-~
while to devise special methods to compute the exact
position of the theoretical strecam lines.
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Fig. 5. Computed transport strcamlines in the rectangular occan basin for A = 2.5- 107 cm? sec™.
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Fig. 6. Computed transport stream lincs in the triangular ocean basin for A = 108 cm? sec™1.

tangular ocean only part of the subpolar gyre
is included.

The location and intensity of the gyres on
figs. 4 and 6 compares favorably with oceano-
graphic measurements, as presented in fig. 7.
Note that the maximum transport of the
western (Kuroshio) current takes place at
30° N latitude; that the ratio of mass transport
of the Kuroshio Current to that of the Oyashio
Current is of the order of 10:1. The eastern
Pacific gyre and the California Current are
the result of local meridional winds (WOC)
and are therefore not present in our model
for zonal winds. '

Discrepancy between observed and computed
transport

Computations based on the available wind
data and the best available information con-

cerning the relationship between wind speed
at anemometer level and the stress exerted
on the sea surface gives I" = 0.65 dynes cm~2.
(WOC) Setting fiy = 2.2 - 10713 cm~!sec!
one finds that each unit of 8, w/I" as drawn on
figs. 4—6 represents a transport of 3 -10'% ¢
sec-!, or 3 million metric tons sec. This
is one half the contour interval in fig. 7. We
conclude that the computed pattern of water
transport resembles the observed pattern quite
closely, whereas the computed quantity of
transport is about half the observed quantity.

This discrepancy cannot be ascribed to the
value of the eddy viscosity, for, according to
equation (18), the transport is almost inde-
pendent of A. Nor can the discrepancy be
ascribed to our assumption of no slippage
against the western boundary. Taking the
extreme case of free slippage against the western

Fig. 7. Transport chart of the North Pacific as derived from oceanographic observations. Transport between

adjacent stream lines are six million metric tons sec™*. The stream lines are based on Fig. 205 of Sverdrup et

al (1942), the arrows on the ‘“Weltkarte zur Ubersicht der Meerestromungen’’, Tafel 22, Deutsche Seewarte,
Ann. d. Hydrogr. u, Mar. Meteor., 1943. The projection is the same as the one in Figure 3.



Fig. 8. Computed Pacific “Sargasso Sea’’ circulation in

the triangular ocean basin for A = 2.5 -107 cm?sec™L.

This figure is an enlargement of the south-west portion
of figure 4.

boundary by replacing boundary condition
(4 b) withﬁ RyplMt=0 at &= o, yields
b ~ +r/V3 (instead of b =~ —#'/V3), and

Pmax = 130 1 sin £ at  pE = 47/3\3
instead of

Yoax = L.I7 7 sin £ at  p& = 273/ V3.

Thus with maximum velocity occurring di-
rectly against the boundary the western current
has two-thirds its former width, and the trans-
port is 20 per cent higher.

A more important modification may be
related to the effect of the earth’s rotation on
lateral stress. Following the customary proce-
dure we have, from analogy with the Navier-
Stokes equations, introduced lateral stress into
the integrated equations of motion through
the term AV2M. (WOC) Since the Navier-
Stokes cquations were derived for a resting
coordinate system it would seem appropriate
to replace the relative mass transport M by
the al}))solutc value M 4 i QRh cos ¢, where
iis the unit vector pointing eastward, and h
the effective depth of the current. Perform-
ing the curl operation! one obtains an addi-
tional term

P

AQh .
AT}}S (QRh cos ¢) = R sin @

2

to be added to the wind curl on the right side
of equation (1). Setting A = 2.5 - 107 cm? sec™?,
@ = 30°, h = 10% cm, gives 2-107% ¢ sec™?

1 Here again we employ a plane coordinate systeni.
In spherical coordinates the modification is several
times larger. We hope to return to this problem in greater
detail when considering a basin on a spherical earth.
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compared to a wind curl of about 9107 ¢
sec2 The effect would be to strengthen the
transport in the subtropical gyre by about
25 per cent, to weaken the transport in the
subpolar gyre, and to displace the boundary
between the gyres northward.

The -physical basis of this modification
forms the substance of RossBY’s (1936) dis-
cussion concerning the merits of Taylor’s
vorticity-transport theory and Prandtl’s mo-
mentum-transport theory. If angular momen-
tum is to be conserved, then any meridional
interchange of eddies must induce a relative
current setting castward at high latitudes, and
westward at low latitudes. '

The discrepancy may also be ascribed to an
underestimate of the surface stress for a given
wind speed, especially at wind speeds of Beau-
fort four or less (WOC).

These remarks apply particularly to the
western currents. In the case of the north
equatorial current (of which only half is
shown on figs. 4—6), the equatorial counter-
current, and the south equatorial current,
SverDRUP (1947) and Remp (1948) have ob-
tained satisfactory agreement between the
transport computed from the wind stress
and that computed from oceanographic ob-
scrvations.

The western boundary vortices (Sargasso
Sea) and the value of 4

An interesting feature is the double vortex
system near the western boundary on figs. 4
and s, which is shown on an enlarged scale on
fig. 8. In the case of fig. 6 the small castern.
vortex is absent, but its effect can still be
noticed by the bulging of the stream lines.

M40

20°

60" 50

Fig. 9. Idecalized topography of the sea level of the North
Atlantic Ocean according to DEFANT (1941). The units
are dynamic centimeters.
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Whether the eastern vortex will or will not
be present depends only on the width of the
ocean and the value of the eddy viscosity, as
will be seen from an inspection of equation (18).
The curve in Fig. 2 represents a graph of the
function f(pé) in the bracket of cquation (18)
for an infinitely wide ocean (¢ = o0). The
function oscillates about the value of 1, and,
strictly speaking, the vortex system cxtends to
infinity, though the amplitudes of the vorticcs
die off exponentially with distance from the
western boundary. In the case of an ocean
of (non-dimensional) width r’ the function
oscillates notabout the horizontal line f(p &) =1,
but about the line f(pf) = 1 —epé. The
eastern vortex exists only if the slope of the
first term in the bracket of equation (18) at the
distance (p&)m = 147/y3 = 8.45, where it
reaches its third maximum, cxceeds the slope
— ¢ of the asymptotic line; that is, if

/ - .
£ < e ®m sin I:E (pf)mJ = 0.0I5.
V3 2

The corresponding conditions on y and A are:

"3

y <ooispr, A< (ovm%‘:—r—)—ﬂ
For the Pacific at latitude 30° N, p = 445, ¢ =
= 8.6, f = 2-10713 cm~1 sec”, m/n = 3 90O
km, which gives A <8.25-107 cm? sec™.
For the Atlantic at the same latitude, ® = 50°,

= .625, I’ = 6.0, and A <C 7.8 - 107 cm®ec!
in order for the eastern vortex to exist.

In terms of the dynamic topography of
the sea surface the double vortex system re-
presents two humps in the sea surface, the
western hump being much larger than the
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Fig. 10. Stream lines in the north-west Atlantic from the
surface drift of ships, according to Felber (1934).

Fig. 11. Distrituticn of the sperm whale based on log-

tcok records dating frem 1761—1920 (according to

TownsexD 1935). Fach point represents the position

of a whale ship on a day when one or morc whales were
taken.

eastern hump (fig. 8). The two humps are
separated by a trough running parallel to the
western current with a saddle point directly
between the humps. Observations in the
Pacific Ocean are inconclusive with respect
to the cxistence of the eastern hump. The
corresponding area in the Atlantic, the Sar-
gasso Sea, is one of the most intensely studied
areas in the world, but even so the conclu-
sions are uncertain. DEFANT’s (1941) analysis
of the dynamic topography based on observa-
tions from the Meteor expedition, and previous
expeditions, is reproduced in fig. 9. It shows a
small hump in the Bermuda area, but accord-
ing to Defant (personal communication) the
data was not quite convincing in this respect.
At Defant’s suggestion FELBER (1934) had pre-
viously analyzed the extensive observational
material based on surface drifts of vessels,
and his stream lines show a saddle point
southwest of Bermuda throughout the year.
His figure for April is reproduced in fig. 10.

Defant’s and Felber’s analyses are consistent
with respect to the existence of a saddle point
at about 70° west, 30° north, but they differ
regarding the Gulf Stream countercurrent.
This discrepancy has to do with the different
methods of averaging employed by the two
authors. The large number of observationst
collected since Defant summarized the data
in 1941 have made increasingly clear the varia-
bility of the circulation in the Bermuda area,

1 We are irdetted to C. O’D. Itelin, F. Fuglister, and

A. Worthirgtcn of tke Weceds Hole Oceanographic
Institut e fcr kavirg made tkese okservations available
to us.
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Fig. 12. Dimensions of scmi-circular ocean basin.

and the shifting in position from season to
season, cven from week to week, of the Gulf
Stream and rclated features (Isecin and Fuc-
LISTER, 1048). Defant’s analysis is based on
synoptic profiles, cach of which reveals a
countercurrent scaward of the Gulf Stream,
occurring however at different locations for
different cruises. Felber’s averaging at fixed
geographic location would naturally tend to
obscure sccondary featurcs adjacent to strong
but wandering primary features. The differ-
ences are somewhat similar to the differences
between synoptic weather maps and climatic
charts.

No suitable methods have yet been de-
veloped for combining results from different
cruises to bring out the cxistence of secondary
features such as the countercurrent and the
eastern vortex. For this rcason observations
collected since 1941 have not added materially
to our understanding of the Sargasso Sea
circulation, but most of these observations
indicate a north-flowing current west of Ber-
muda. A curious clustering in the distribution
of sperm whales may perhaps be interpreted as
evidence for the existence of the two vortices
and the trough. Each point in fig. 11 repre-
sents the position of a whale ship on a day
when onc or more whales were taken, accord-
ing to logbook records dating from 1761 to
1920 (TOwNSEND, 1935). Relatively few points
are found in the region of the trough, yet
there appear to have been no reasons for
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whaling ships to avoid this region. These
troughs, according to Felber’s presentation, are
regions of convergence. In such regions the
concentration of nutrients is small, and one
may expect a relatively small concentration of
plankton, and of sperm whales which feed
on plankton. It is not impossible that the two
vortices represent optimum conditions for the
existence of plankton, these being the areas
where freely floating organisms would re-
main for the longest time under uniform en-
vironmental conditions.

In a comparison of figs. s—8 onc must
keep in mind that fig. 8 applics to the Pacific
Ocean, whercas figs. s—7 apply to the Atlantic.
As a whole, the cvidence, though far from
conclusive, seems to support the cxistence of
the eastern vortex, and would therefore indi-
cate that the lateral cddy viscosity in this
region is less than 7.8 - 107 cm? sec™2.

The effect of curvature in the boundaries

It has been stated previously that the present
method can be extended to an ocean basin of
arbitrary Shapc providcd the boundaries are
not too irrcgular. To cxpress this in quanti-
tative form, consider a semi-circular basin of
diameter (not radius) rg (fig. 12). For a
coordinate system we choose

’ ’ ’

§:l:—f(1—cos o), ?,‘,:129 sin O,

where, as previously, y¢ 1s the non-dimensio-
nal distance from the western boundary, & its
inclination relative to a north-south direction,
and r'y is the width of the basin at y’ =o.
Differentiation leads to the same transforma-
tion as given by (10) except that @ now de-
pends on . Neglecting variations in y, we
obtain

92 2y

R B S
\V4 yz<scc @952 7

o2

scc® @ + ...
AEIL )
The second term 1s a correction for the curva-

ture of the coastline. This correction is small
provided the radius of curvature

I
~r'y =y sec 0.
2

As an extreme example of irregular bound-
arics consider the sharp change in the orienta-
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tion of the eastern seaboard between Jackson-
ville, Florida, and Savannah, Georgia. Setting
@ = 0.04 would requirc the radius of curva-
ture to be large compared to .04 units of
distance, or 40 km. The actual radius of cur-
vature is 160 km.

Conclusions

The present method appears to be suitable
for a numerical computation of the gross
features in the ocean circulation, taking into
account the outlines of the actual boundaries.
The simple models discussed here give an
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indication of the results of such a computation.
Changes in the orientation of the coast line
will lead to a widening or narrowing of the
western  current, but the general features
should be more or less the same, irrespective
of the boundaries. This is in agreement with
the fact that the general circulation is similar
m the various oceans, whereas the ocean
boundarics are not.

Acknowledgement

We arc indebted to Mr P. Osborn for his
assistance in preparing the figures.

REFERENCES

DEeraNT, A, 1941: Dic absolute Topographic des physi-
kalischen Meeresniveaus und der Druckflichen, sowie
dic Wasserbewegungen im  Atlantischen Ozean.
Deutsche Atlantische Exped. Meteor 1925—1927, Wiss.
Erg., Bd 6, 2 Teil, 5 Lief.,, fig. 41.

FeLBER, O.-H., 1934: Oberflichenstromungen des Nord-
atlantischen Ozeans zwischen 15° and 50° n. B. Arch.
d. Deutschen Seeworte, 53, 1, pp. §—I7.

Hipaka, K., 1949: Mass transport in occan currents and
the Lateral Mixing. Geoph. Notes, Tokyo Univ,,
2, 3, pp. 1—4.

Isetin, C. O’D., and Fucrister, F. C., 1948: Some
Recent Developments in the study of the Gulf Stream.
Journ. of Marine Res., 7, (Sverdrup Anniv. Vol.) pp.
317—329.

Munk, W. H., 1950: On the Wind-driven Ocean Cir-
culation. Journ. of Met., 7, pp. 79—93.

Reip, R. O., 1948: The Equatorial Currents of the East-
ern Pacific as Maintained by the Stress of the Wind.
Journ. of Marine Res., 7, pp. 74—99.

RossBy, C.-G., 1936: Dynamics of Steady Ocean Cur-
rents in the Light of Experimental Fluid Mechanics.
Pap. Phys. Oceanogr. and Met., §, 1, 43 pp.

SverDprup, H. U. and collaborators, 1942: The Oceans,
Their Physics, Chemistry, and General Biology.
Prentice-Hall, New York, 1087 pp.

Sverprup, H. U., 1947: Wind-driven currents in a
baroclinic ocean; with Application to the Equatorial
Currents of the Eastern Pacific. Proc. Nat. Acad. Sci.,
33, pp- 318—326.

Townsenp, C. H., 1935: The Distribution of Certain
Whales as Shown by Logbook Records of American
Whale Ships. Zoologic, 19, 1, pp. 2—s50.



