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A bstrnct 

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 extended to a more 
gcneral 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, 0, of the western bound- 
ary relative to a north-south direction is to widcn the western current (Gulf Stream) by the 
factor (sec @ ) I / 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 lateral eddy viscosity is noted. 

Introduction 

The wind-driven circulation in a rectangular 
ocean basin has been discussed by HIDAKA 
(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) 
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where A is the kinematic cddy viscosity per- 
taining to lateral stresses, ~4 = 24/Jx4 + + 2d4/3?c22y2 + l ) 4 1 ~ y 4  is the biharmonic ope- 
rator, 

is thc rate of change northward (positive y) of 
twice the vertical coniponent of the earth’s 
angular velocity Q , f  the Coriolis parameter, R 
thc earth’s radius, cp latitude, and cur1,t the 
vertical component of the wind strcss curl. 
The positive x-axis extends eastward. 

Equation ( I )  is essentially an integrated 
version of the vorticity equation, and expresses 
a balance between three torques: the lateral 
stress torquc, the planetary 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 esscntially vanish, and then per- 
forming the curl operation. Observations have 
shown that the velocity of the wind-driven 
currents at de ths of one or two thousand 
meters equals f ut a small fraction of the sur- 
face velocity. 
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Fig. I. Dimensions of triangular ocean basin. The wind 
stress t varies from - r at y’ = o (qj = 15’ N),  to + r 
at y’= n (qj= S O O N ) .  A unit distance equals 35’ 
latitudeln, or 1032 km. In these units r’ is the latitudinal 
width of the ocean basin, and 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 )  T, = - r cos ny, tr = o 

giving maximum easterlies at y = o (latitude 
15’) and maximum westerlies at y = n / n  (see 
fig. I). 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 in fig. I .  For the boundary 
conditions along AC and BC we choose 

y b d r y  = 0, ( a y / a v ) b d r y  = 0 (4a, b) 

where Y is normal to the boundary. Along AB 

(az y/aY2)bdry = 0. (5 a, b) 

Equations (4a) and (sa) 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 

y b d r y  = 0, 

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 y‘ = ,!?y,lF, r‘ = nr, x’ = nx ,  y‘ = ny,  
n4 v‘4 = ~ 4 ,  and writing k 3  = ,!?/A, equation 
(I) becomes 

where y = n / k  is the ratio of the wind wave- 
number n to the “Coriolis friction” wave- 
number k .  The distance n / n  between the easter- 
lies and maximum westerlies is roughly 3500 
km; it will be shown that 

is roughly the latitudinal width of the western 
currents, say 350 km. Setting O= 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 coeficient y3 4 I .  The asymptotic 
solution of equation (6) (i.e., the solution which 
becomes more and more exact as y3 + 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 7 3 .  Such a solution is 

(7) 

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. I )  : 

=; - x ‘  sin y‘ + d sin y’ .  

so that 

y lC  = ( -y 6--T tan 0 + d) sin 2 (9) 
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and 

(10) 
In equation (10) 

5 dY I 

Y d c  3 
@(p;) = I -- - == I - - (F-~, , )  t a n y  

is a correction involving the sccond derivative 
of the Coriolis parameter. Here v0 is the lati- 
tude at which y = 5' = 0, about 15' N. The 
correction is small at low latitudes and amounts 
to 2s per cent at 50' latitude. 

It is seen that variations in the y-direction 
involve [ explicitly as well as implicitly 
through 6. Since y < I ,  it follows that only 
the latter need be considered, so that 

where 

y-3 = ( I  f (02 tan2 O)2. (13) 

With these substitutions the asymptotic 
form of the homogeneous equation becomes 

with the solution y '  = y'IV + y t E ,  wliere 

Along the eastern boundary 6 = r'iy, where 
r' = TO' ( I  - </n) is the (non-dimensional) 
latitudinal width of the ocean, and r f 0  = 
(tan 0 + tan a)  the width at [ = 0. Theeast- 
ern boundary conditions give 

- r'-[ tan O + d + c = 0, - y / p  + c - 0 .  

The boundary conditions can be combined to 
yield 

u = - r '  ( I -&) ,  c = r ' F ,  
,- 

v3 b = - r '  ( I  - 3 E ) ,  (1 = r' ( I  - - E )  + [ tan 0, 
(17) 

where F = y , p r '  is a small quantity. The 
approximation involved in the non-homo- 
geneous term (7) can now be estimated by 
performing the operation indicated in equa- 
tion (6) on y I c :  

y 3  
'4 - -- yI(' = sin y '  [ I  -- y3 (d-x')]. 

The exact solution requires that the right side 
equal sin y ' .  Since d-x'=r' ( I - E ) - Y [ ,  or r '  
at most, the ncglcctcd term is lcss than y3r', 
that is less than I per cent. 

The solution becomes 

( Jx ' ) 

- p I.. ~- 1 , J . 
(16) Y I E  = c c  S l I l  [. 

It is seen that y'w decreases exponentially with 
distance from the wcstern boundary and y'" + yfhv is therefore the western boundary 
solution; similiarly y"; -+- is the eastern 
boundary solution; whereas y J C  is the solu- 
tion in the central portion of tlie ocean. 

The boundary conditions ( 5 )  along AB are 
already satisfied. The constants a, b, c and d 
can be evaluated from the boundary condi- 
tions along ABCA. Along tlie western bound- 
ary [ = 0, and equations (4 a, b) give 

-c tan 0 4 -  d +  a= 0, 2 ylp f a -  ~ ' 3  b = 0. 

For north-south boundaries, O = 0, p = I ,  
and the equation reduces to the rectangular 
case discussed in (WOC). The first term in the 
bracket gives the variation of y' with x near 
the western boundary, as shown in fig. 2. 
It indicates a series of exponentially "damped" 
boundary vortices, with a strong north-fl owing 
current and countercurrent in the western 
vortex, both of latitudinal width znI\/y pic. 
The principal effect of the inclined western 
coast line is to widen the western current 
(measured normal to the boundary) by the 
factor 

p - 1  cos 0 = (tec 0 ) 1 / 3  
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Fig. t. East-west variation of v' near the western bound- 
ary for an infinitely wide ocean [equation (18) with 
E = 01. The arrows indicate the direction and intensity of 
the long-shore component of the current. Comparc 

with Figures 4 to 6. 

and to reduce the current intensity by a similar 
factor. The approximation refers to low lati- 
tudes; in high latitudes the modlfication associ- 
ated with an inclination of the coast line is 
reduced, or even reversed. The total transport 
remains approximately the same. The inclina- 

tion of the eastern 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 1 3  units and altitude of 4 units 
(I unit = 1032 kin, see fig. I ) .  A rectangle 
is also drawn, which has the proper width at 
a latitude of 32.5O N midway between the 
easterly 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 
parameters : 

Fig. 4 Fig. 5 Fig. 6 
Shape of basin trianglc rectanglc trianglc 
A in cni' sec- 1 2 . 5 .  10' 2.5 * 10' ro8 
z: 11 35' lat. 35'lat. 35'lat. 
At 30' N latitude: 
k in cn-1  2.0.10-7 2 . 0 . 1 0 - 7  1.25 - 10-7 
Y 
P 

a40  0.040 .064 
.445 1.00 .445 

2z 
__ in kin 410 182 650 
\ 3yk 

__ cos 0 in kin 215 182 341 
VI3Pk ' 

2z 

k m .  W 01 180' km E o f  180. 

Fig. 3 .  Chart of Pacific Ocean. The outer scales givc distanccs in kin west or cast of ~So",andnorthofequator. 
T h e  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 occans drawn in thc figure. 

I I-oo3326 
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Fig. 4. Coniputcd transport stream lines in the triangular occan basin for A = 2.5 . 1 0 7  c1nZ sec-1. The lines 
represent cqual values of (B,,/r)y~. The curve to the left represents the variation of y with latitude. Unit distances 
3 h l g  the x- and y-axis equal 1 0 3 2  kin. The section between x = 1.5 and .Y = 4.0, y = 0.5 and y = 2.0 has 

been redrawn on an cnlargcd scale in Figure 8. 

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

The stream lilies are drawn' for equal values 
of 

where Do is the value of at y' = 0. The func- 
tion in the bracket is the one in equation ( I S ) .  

1 Thc approximations involvcd break down. ncar the 
northern vertex of the triangle where the 2 boundary 
strips overlap. In this region the stream lines havc 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 I s o  N, 
soo N and 60" N, and accordingly divides 
the circulation into an anticyclonic and a 
cyclonic gyre. These gyrcs have been named 
the subtropical and subpolar gyrcs (WOC), 
and correspond roughly to the regions of the 
subtropical anticyclones and of the cyclonic 
storms, respectively. In the case of the rec- 
~~ 

estimated. Because the rcal and abstracted boundaries 
differ Srcatly in this small region, it seems hardly worth- 
while to devise special methods to compute the exact 
position of the thcoretical streaiii lines. 

cosp. 
cos P 

Fig. 5 .  Cotnyutcd transport strca~nlines in the rectangular occan basin for A =- 2 . 5 '  107 cm* SOC-'. 
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Fig. 6. Computed transport stream lincs in the triangular ocean basin for A = I O ~  cmz sec-l. 

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 IO:I .  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 availablc 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 r = 0.65 dynes cm-2. 
(WOC) Setting Pa = 2.2 1 0 - l 3  cm-l sec-’ 
one finds that each unit of Po y / r  as drawn on 
figs. 4-6 represents a transport of 3 * 1012 g 
sec-1, or 3 million metric tons sec-I. This 
is one half the contour interval in fig. 7. W e  
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 (IS) ,  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 offiee 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-l. The stream lines are based on Fig. 205 of Sverdrup et 
a1 (1942). the arrows on the “ Weltkarte zur Ubersicht der Meerestromungen”, Tafel 22, Deutsche Seewarte, 

Am. d. Hydrogr. u. Mar. Mcfeor., 1943. The projection is the same as the one in Figure 3. 
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Fig. 8 .  Computed Pacific “Sargasso Sea” circulation in 
the triangular ocean basin for A = 2.5 .1o7 cinz sec-1. 
This figure is an enlargement of the south-west portion 

of figure 4. 

boundary by replacing boundary condition 
(4 b) with a2y/av2 = o at 5 = 0, yields 
b = + r’/b/i (instead of b = -r’ / t i ) ,  and 

at p t  = 4z/3 \ 3 

at p~ = m/ \ / 3 .  

yfmaY = 1.30 rr sin c 
instead of 

ytnlax = 1.17 rf sin 5 

Thus with niaxiiiiuni 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 niodificatioii 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 equations were derived for a resting 
coordinate system it would seem appropriate 
to re lace the relative mass transport M by 
the a bp solute value M + i QRk cos p, where 
i is the unit vector pointing eastward, and k 
the effective depth of the current. Perforni- 
ing the curl operation1 one obtains an addi- 
tional term 

23 A9k . 
A- (QRk cos p) = -- sltl 

(3y3 R2 

to be added to the wind curl on the right side 
of equation ( I ) .  Setting A = 2.5 . 1 0 7  cm2 sec-1, 
‘p = 30° ,  h = 105 ctii, gives 2 ero-gg sec-2 

1 Here again we eniploy a plane coordinate system. 
In spherical coordinates the modification is several 
tinier larger. W e  hope to return to this problem in grrattr 
detail when considering a basin on a spherical earth. 

compared to a wind curl of about 9 10-9 g 
sec-2. 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- 
iiientuin-transport theory. If angular momen- 
tum is to be conserved, then any meridional 
interchange of eddies must induce a relative 
current setting eastward 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 REID (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 doublc vortex 

system near the western boundary on figs. 4 
and 5 ,  which is shown on an enlarged scale on 
fig. 8. In the case of fig. 6 the small eastern, 
vortex is absent, but its effect can still be 
noticed by the bulging of the stream lines. 

7”. I 

Fig. 9. Idealized topography of the sea level of the North 
Atliritic 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(p5) in the bracket of equation (18) 
for an infinitely wide ocean (E  = 0). The 
function oscillates about the value of I ,  aild, 
strictly speaking, the vortex system cxtcnds to 
infinity, though the amplitudes of the vorticcs 
die off exponentially with distance from thc 
western boundary. In the case of an ocean 
of (non-dimensional) width r’ the function 
oscillates not about the horizontal linef(p 5 )  = I ,  
but about the line f(p5) = I -~p[.  The 
eastern vortex exists only if thc slope of the 
first term in the bracket of ~ equation (18) a t  the 
distance ( ~ t ) ~  =1 14n/b3 =-- 8.45, wherc it 
reaches its third maximum, cxceeds the slope 
- E of the asymptotic line; that is, if 

The corresponding conditions on y and A are: 

(0.015 pr’)3@ 
y < o.o15pr’, A < ~ --. n3 

For the Pacific at latitude 30’ N, p = 445, r’= 
= 8.6, = 2 .10- l~  cm-1 sec-l, n /n  = 3 goo 
km, which gives A < 8.25 .107 cm2 sec-’. 
For the Atlantic at the same latitude, 0 = 5o0, 
p = .625, r’ = 6.0, and A < 7.8 107 cm2secc1 
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 

Fig. 10. Stream lines in the north-west Atlantic from the 
surface drift of ships, according to Felber (1934). 

“I 

Fig. 11. Dietrituiicn of t t e  :perm whale based on log- 
kcok records dating frcni 1761-1920 (according to 
T G U ~ S E ~ D  1935). Each p i n t  represents the position 
of a whale rhip on a day whcn one or more 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 existence 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 observations1 
collected since Defant summarized the data 
in 1941 have made increasingly clear the varia- 
bility of the circulation in the Bermuda area, 

1 W e  are i rcet tcd to C. O’D. Irelin, F. Fuglister, and 
A. Wcrthirgccn of tke Wccds  Hole Oceanographic 
Institut e icr ba\ i rg  w-de ckete ctmvat ions available 
to us. 
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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 spcrm whales which feed 
on plankton. It is not inipossiblc that the two 
vortices represent optimum conditions for the 
existence of plankton, these being the areas 
where freely floating organisms would re- 
niain for the longcst time under uniform en- 
vironmental conditions. 

In  a comparison of figs. 5-8 one must 
keep in mind that fig. 8 applics to the Pacific 

x I Ocean, whercas figs. 5-7 apply to the Atlantic. 
7 As a whole. the evidence. though far from 

4 rb * 

Fig. 12. Diiiicii\ions of scnii-circular ocean basin. 

and the shifting in position from season to 
season, even from week to week, of the Gulf 
Streani and related featurcs (ISELIN and FUG- 
LISTER, 1948). Defant‘s analysis is based on 
synoptic profiles, cadi of which reveals a 
countercurrent seaward of the Gulf Stream, 
occurring however a t  diffcrent locations for 
different cruises. Fclbcr’s averaging at fixed 
geographic location would naturally tend to 
obscure secondary features 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 rcsults from different 
cruises to bring out tlie existence of secondary 
features such as the countercurrent and the 
eastern vortex. For this reason observations 
collected since I941 have not added materially 
to our understanding of tlie Sargasso Sea 
circulation, but most of these observations 
indicate a north-flowing current west of Ber- 
muda. A curious clustering in the distribution 
of spcrm whales may perhaps be interpreted as 
evidence for the existence of the two vortices 
and the trough. Each point in fig. 11 repre- 
sents thc position of a whale ship on a day 
when one or more whalcs 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 

‘ l  

conclusive, seems to support the existence of 
the eastern vortex, and would therefore indi- 
cate that tlie latcral eddy viscosity in this 
region is less than 7.8 . 107 cm2 s c c l .  

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 provided thc boundaries are 
not too irregular. To express this in quanti- 
tative form, consider a semi-circular basin of 
diameter (not radius) Y ‘ ~  (fig. 12). For a 
coordinate system w e  choose 

whcrc, as previously, y l  is the non-dimensio- 
nal distance from the western boundary, 0 its 
inclination rclativc to a north-south direction, 
and r’o is the width of the basin at y’ = 0. 
Differentiation leads to the same transforma- 
tion as given by (10) except that 0 now dc- 
pends on [. Neglecting variations in 7, we 
obtain 

The second term is a correction for the curva- 
ture of the coastline. This correction is small 
provided the radius of curvature 

As an extreme exaniplc of irregular bound- 
aries 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 = 0.04 would require the radius of curva- 
ture to be large compared to .04 units of 
distance, or 40 kin. The actual radius of cur- 
vature is 160 kin. 

Conclusions 

The present method appears to be suitable 
for a numerical computation of the gross 
features in the ocean circulation, taking into 
account thc outlines of the actual boundaries. 
The simple niodels discussed here give an 

indication of the results of such a computation. 
Changes in the orientation of the coast line 
will lead to a widening or narrowing of thc 
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 
in the various oceans, whereas the ocean 
boundaries are not. 
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