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ABSTRACT 

Paths of the East Australian Current are calculated, employing the assumption that 
changes in the total cross-stream vorticity due to path curvature are balanced by changes in 
the planetary vorticity and vortex stretching. With reasonable assumptions for the velocity 
structure, the resulting paths follow the continental slope for the whole known length of the 
current and then graduall y move into deeper water. On reaching the abyssal plain, they form 
ti ght loops of radii simil ar to those of observed eddies. The Lord Howe Rise also influences 
the paths that leave the shore. However , a term neglected in the total vorticity balance 
arises from nonlinear effects at the inshore edge of the current; this term, which can be esti-
mated directly, is comparable to the retained terms. The model is thus quantitatively invalid 
for the East Australian Current; but the results demonstrate that topographic effects may 
be particularly important in the region. 

I. Introduction. Like most other regions on the western side of a major 
ocean, the waters off the East Australian coast display strong narrow currents. 
However, there are some curious features of the East Australian Current 
(EAC) not found elsewhere; the most striking of these is the strong tendency 
for eddy formation, particularly to the east and southeast of Sydney. It is not 
known exactly where the water composing these eddies comes from, but the 
observed dynamic topographies (Hamon 1965, Boland and Hamon 1970) sug-
gest that it usually enters the coastal region north of Brisbane; it must therefore 
travel a considerable distance southward along the coast before forming the 
eddies. There is no obvious relationship between the features of the local bot-
tom topography and the patterns of dynamic topography, which seem to change 
markedly within a time interval of a month or so. 

1. Accepted for publication and submitted to press 9 June 1971. 

256 



Godfrey and Robinson: The East Australi an Current 2 57 

In this paper we test the hypothesis that the path of the current is deter-
mined by an approximate vorticit y conservation appropriate to a thin free cur-
rent, i.e., of the kind studied by W arren ( 1963) and Robinson and Niil er ( 1967) 
in connection with the Gulf Stream. According to this hypothesis, the cur-
rent may be regarded as a narrow filament of rapidly Rowing water that moves 
steadily and without fricti on through a region of geostrophic Row. It is as-
sumed that the change in total vorticity of the current contains three contribu-
tions. One of these is due to changes in planetary vorticity, a second is due to 
vortex stretching and shrinking, and a third is due to changes in the curvature 
of the path along which the water Rows. Each of these terms-because of the 
assumed thinness of the current-is a functi on of the downstream distance 
only. Thus, a given change in latitude and depth under the current produces 
a fix ed change in curvature; this leads to a differential equation for the path 
(if the velocity structure is treated as a known quantity). 

The study of the local dynamics of the current presented here attempts to 
provide an understanding of the dynamical processes involved in the inter-
mediate scale of motion considered. The Row studied is part of the larger 
general circulation that is parameterized in the present model by coefficients 
of, and initi al conditions for, the path equati ons. Thus this type of study 
complements larger-scale general-circulation studies and will hopefully pro-
vide feedback into the construction of end models, both analyti cal and 
numerical. 

I t can be seen qualitatively that a current governed by the dynamical balance 
described above might foll ow the coast of Australia for some distance south-
ward and then leave the shore in a rather ti ght loop or eddy. As the current 
travels southward along the continental slope, its change in planetary vorticity 
could be compensated by vortex stretching, provided the current moves into 
deeper water. However, when it strikes the abyssal plain, no further vortex 
stretching can take place, and any further changes in planetary vorticity must 
be balanced by changes in the curvature only. The resulting simple differential 
equation for the path in this region has been studied (Robinson and Niil er 
1967 ). If the current enters the abyssal plain at a small angle to the eastward 
direction, and with small curvature, the resulting path will be essentially a 
steady-state Rossby wave. If, however, it enters the plain at a large angle to 
the eastward direction, it then forms a loop that becomes tighter and ti ghter 
as the incidence angle increases until the returning current crosses over the 
incident path (Fig. 1 ) . Under these conditions the model evidently breaks down, 
but it is plausible that the formati on of a closed loop in the model should cor-
respond to the development of a detached eddy in the real current. 

If the calculated current moves roughly parallel to the continental slope 
until it enters the abyssal plain, it will be moving nearl y southward on entry. 
Thus a ti ght loop or eddy is to be expected. 

One group of theoretical paths has been started on the continental slope 
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somewhat north of Brisbane, using an assumed velocity structure that is in 
general agreement with Hamon's observations (Hamon ~965). Th: behavior 
of these paths is sensitive to the value of the bottom velocity; but, with reason-
able values for this quantity, the theoretical paths travel roughly parallel to 

the shore for distances comparable to 
the whole known length of the EAC 

-I 

Figure 1. Solutions to the path equation over 
flat-bottom topography (adapted 
from Robinson and Niiler 1967: 
fig. 3). 

system before they form a tight loop or 
eddy. 

A second group of paths starts from 
points on the abyssal plain; these show 
the formation of loops and eddies whose 
radii are similar to those found in the 
real EAC. A bottom velocity that is 
consistent with the pinger observations 
of Boland and Hamon ( I 970) is assumed, 
and the effects of the bottom topography 
on currents having such velocities are 
studied. The most interesting effects are 
due to the Lord Howe Rise. Some cal-
culated paths run smoothly northward 
along its west bank while others are 
reflected off it. It is not known whether 
the real EAC displays any of these last 
effects of topography. 

One certainly cannot conclude from 
these results that the EAC is in fact 
governed by the dynamic balance just 
described; on the contrary, it is shown 
from tide-gauge data that one of the 
terms omitted from the path equation 
(the one that describes the effects of 
downstream pressure gradients on the 
path of the current) is in fact of the same 
order of magnitude as the curvature 

term. Furthermore, observations on the real current do not reveal a single 
narrow coherent jet, as assumed here; instead, they suggest the existence of 
a series of eddies along the coast, with rather little connection between them. 

Nevertheless, the success of the simple theory in reproducing some of the 
observed features of the current does suggest that topographic effects are prob-
ably important in the EAC. A full-scale numerical model, using a finite dif-
ference approximation of the Navier-Stokes equations, might therefore yield 
qualitatively incorrect results if the existence of the continental shelf and slope 
were omitted from the model. 
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2. Time-independent Path Equations. As stated in the introduction, we take 
the Row in the model to be steady and frictionless. We also assume that the 
/1-plane and the Boussinesq approximations may be used. Following Robinson 
and Niiler ( I 967 ), we choose a curvilinear co-ordinate system to describe the 
flow, with the y axis coincident with the main axis of the stream (Fig. 2). 
Under these circumstances, the horizontal momentum and continuity equa-
tions are 

-,d''-f// + :/z = o, 

I 
U//z + ////y + W//z + xU// +JU+ - p11 = o, 

f2o 
(2) 

(3) 

U, //,Ware components of velocity parallel to the x,y, z axes; p is the pressure 
and f2o the average density; 'X is the curvature of the stream. We assume that 
the stream is everywhere narrow compared with the radius of curvature; in 
other words, the nonlinear terms appearing in (I) and ( 2) become negligible 
at a distance, ~, on either side of the stream, where xl~I< < I . 'X is taken to be 
independent of x and z. f =Jo+ p(y) == Jo+ PoY is the Coriolis parameter; 
/o and p0 are constants, while r, the distance from the origin in the meridional 
direction, is an initially unknown function of the distance, y, measured along 
the stream path. 

Cross-differentiating (1) and (2) and integrating over the cross section of 
the stream, we have 
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<cp > = JH dz J dxcp(x,y,z), 
B,(y) 

ip = J dxv,[x,y,B(x,y)], 

TL(x)} = JH dzx(x,y,z); 
TR(X) B,(y) 

[ 29,3 

the integrals are taken over the left-hand and right-hand edges of the current, 
respectively. z = B(x,y) represents the position of the bottom; [H - Bo(y)J is 
the maximum water depth encountered at the cross section under study. Note 
that the integrands of TL and TR in (4) can be equated to -(U/7x +/7/7y 
+W/7z + xU/7). Nevertheless, it is convenient to use the given representation 
of the integrand. We have used the boundary condition 

W[x,y, B (x,y)J = - U[x,y, B (x,y)J Bx-/7[x,y, B (x,y)J By 

in arriving at (4). 
We simplify (4) in exactly the same way as do Robinson and Niiler (1967). 

That is to say, we first drop the terms on the right-hand side. We also write 

UBx +/7By = f7By, where [H - B(Y)J is the average depth under the current; 
thus (4) reduces to the path equation: 

a 2 of3 aB 
- (x < 17 >)+ < 17>- +fv - = o. 
ay ay ay (5) 

(We drop the circumflex over B here and in the future.) Discussion of the 
validity of these simplifications is given in § 6. 

3. The Numerical Integration Technique. Equation (5) is the starting point 
for the numerical study of the Gulf Stream by Robinson and Niiler ( 1967 ). 
In a second paper (Niiler and Robinson 1967), they integrated (5) by parts 
and put the result into a standard form for numerical integration: 

where 

(1 + s0 y)x-Co+ C,[(1 + s,y)(B-Bo)- s, J:(B- Bo) dy*J ) 

+C2[(1 +s2 y)(Y-Yo)-s2 J:(Y-Yo)dy*J = o, 

[ (dY)2]-3/2 
dy = I+ dX dX. 

The (dimensional) constants are defined by 

(6) 



and 

Godfrey and Robinson: The East Australian Current 

< Vz > 

C, = I o'0Jo Vo 
< V~ > ' 

V 
Soy = < V~ > - I, c1y = -=- - 1, 

Vo 

C
2 

= 10
12 /Jo <Vo > 

< v~ > ' 

< V > 
czy = --- - I. 

< Vo > 

(7) 

(8) 

A subscript o refers to the initial point on a path, y = o. The quantities ap-
pearing on the right-hand side of each of eqs. (7) and (8) are specified in c.g.s. 
units, whereas in (6) and (8), y,X, and Y are measured in units of IO km, B 
in units of 100 m, and x in units of (10 km)- 1 • Note that so, s1, and s2 are 
taken to be constant along the path; i.e., we assume that the parameters <V>, 
< V• >, and V simply change linearly along the path. In the present paper we 
simplify further by taking all s's to be zero. We refer the reader to Niiler and 
Robinson ( 1967) for the derivation of (6) and for the method of performing 
its numerical integration. The bottom topography was taken from a map 
by Connolly (private communication). Three grids were superimposed on this 
map, as indicated in Fig. 3. Each grid was divided into rectangles that were 
18.56 km long and 16 km wide, and the depth at each grid point was supplied 
to the computer. (Note that the depths shown in this map are recorded in 
fathoms rather than in meters.) In calculating a stream path, the depth under 
a point on the path was found by locating the point on one of the three grids 
and by using cubic interpolation in either direction. 

It is difficult to decide how the substantial seamounts found in the East 
Australian area should be treated in the present context; they generally have 
extremely steep sides, so that a current encountering a seamount is likely to 
suffer distortion in structure rather than a coherent alteration in path. We 
have simply cut off the seamounts at a depth of 2000 fathoms, so the assumed 
bottom topography is to this extent idealized; it is felt that nothing of geo-
physical relevance would be learned by retaining them. In Fig. 3, the locations 
of the cut-off areas are indicated by blackening. 

4. The Velocity Profile. Figs. 4 and 5 are reproduced from Hamon ( I 965). 
They give, respectively, the velocity of the current measured across the stream 
by GEK methods and the distribution with depth of the cross-stream average 
of the baroclinic component of the current. The profiles were obtained across 
several eddies and across the main stream, at various points in the southern 
portion of the region under consideration (i.e., below 32°S), and at different 
seasons. 

It is evident that the profiles are much the same, regardless of the position 
and time. They may be fitted with reasonable accuracy with a polygonal 
profile, as indicated in Fig. 6: the average total depth in which the current is 
found is denoted by H, and the depth of the region in which a thermal wind 
is encountered is denoted by CH. 
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Figure 3. The grids used for digitizing the East Australian bottom topography. Table I contained 
55x 31 points ; Tables 2 and 3 contained 22 x 37 points each. 
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Figure 4. GEK current as a function of cross-stream distance, for several approximately normal 
crossings of the East Australian Current, the countercurrent, and the eddies (from Hamon 
1965). Station numbers at the beginning and end of each section are identified in Hamon 
(1969: figs. 1-18). 

The maxi mum velocities at the top and bottom are VT and Vn, respectively; 
the width of the stream is /. 

For such a profile, 

and 

I 
V = Vn-

2' 
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Figure 5. Graphs of geostrophic current as a function of depth for selected pairs of stations (from 
Hamon 1965). 

from which the structure parameters may be calculated by using (7) and (8). 
For the EAC, we take H = 4000 m, I = JOO km, /30 = 1.75x 10-,3 cm-1 

sec-1,/0 = -o.7x 10-4sec-1. From Fig. 5 we can also get an estimate of CH 
( 1 300 m, giving C = 1 /3) and of the difference ( /7 T - /7 B) between the max-
imum top and bottom velocities in the assumed triangular model. For all but 
one of these profiles, it is reasonable to take /7 T -/7 B = 80 cm/sec; for the 
remaining profile, 1 60 cm/sec would be more appropriate. 

Pinger observations suggest that the bottom velocity, VB, is not likely to 
be much greater than JO cm/sec and might be considerably less. 

With all quantities except /7B and (/7T-/7B) fixed, as above, we can express 
the structure parameters as: 

c,;c. = -6011/(611+ 1) 

C, = -7.875 (f7T- f7B) - , {311 +I+ 1/311}-1 

where 11 = /7B/(/7T-/7B)-Typical values are given in Table I. 
It is interesting to note that C., which determines the behavior of the cur-

rent when it lies over a region of flat-bottom topography, is nearly independent 
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z --------------

Figure 6. The assumed velocity profile. 

of v in the observed range, namely o to (say) 1/6; it depends primarily on the 
directly observed quantity, f/T-f/B . 

5. The Calculated Paths. BEHAVIOR OF PATHS CLOSE TO THE CONTINENTAL 
SLOPE. Fig. 7 shows a series of nondivergent paths that start from an arbi-
trarily chosen initial point roughly halfway down the continental slope;i each 
path starts off in the same direction (more or less parallel to the local direction 
of the edge of the continental shelf), with zero initial curvature. The paths 
differ only in their values of C,, i.e., roughly in their assumed bottom velocity, 
f/B. 

The dotted lines (n.A) in Figs. 7-16 are the "control curves" of paths (n). 
The equation for the control curve of a given nondivergent path is obtained 
by omitting the curvature term, x, from the nondivergent form of (6); thus, 
whenever the path crosses its control curve, its curvature is zero. If the depth 
of water decreases across the stream from left to right, the calculated path will 
be bent to the left when it is to the right of its control curve, and vice versa. 
This situation prevail s for a current moving southward down the East Austral-
ian Coast, and we therefore expect such a path to oscillate about its control 

2. It was originally thought that the EAC was formed north of 2 J°S and that it therefore necessaril y 
extended no deeper than the depth of the gap between the Great Barri er Reef and Cato I sland-about 
3000 m. A current passing through this gap would experi ence vortex stretching on entering the deep 
water further south and would bend [if the path equation (6) applies) to follow the continental slope at 
about this depth. However, recent dynamic topographices (Boland and H amon 1970) suggest that the 
current may be formed further south. 
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Table I. 
C,/C, C, x (VT-VB) 

0 
-2.5 
-4.0 
-5.0 
-6.67 
-8.0 
-8.57 

0 
-1.10 
-1.82 
-2.25 
-2.625 
-2.25 
-1.82 

C, x (VT-VB) 
0.394 
0.440 
0.445 
0.450 
0.394 
0.281 
0.212 

[ 29,3 

curve until the latter reaches the abyssal plain. Here the control curve turns 
sharply out to sea. The path should continue to move southward past this 
point but would bend away from the coast shortly thereafter to compensate 
for the change in planetary vorticity. Thus a calculated path should follow 
the shore for a slightly greater distance than its control curve does. 

Fig. 7 shows that this rule holds reasonably well for the paths shown. 
For all of these paths, the control curves can be written: Y-Yo = C,/C, 

(B-B0 ), with Yo,Bo, and C, fixed. Since the depth of the abyssal plain is 
nearly constant at 4740 m (47.4 units), the distance (Ya-Yo) pursued by the 
control curve along the continental slope is roughly a linear function of C, . 
Thus, the total distance traveled by a theoretical path southward from a given 
starting point is a sensitive function of the bottom velocity. 

The values of C, and C,, assumed for path 4, correspond to a bottom speed, 
PB, of 23 cm/sec, which is rather large compared with the typical speeds of 
5-1 o cm/sec found in pinger observations. Nevertheless, it is possible for paths 
with smaller bottom velocities to follow the coast for more than I ooo km, as 
path 4 does, if they start from shallower depths. Alternatively, they can start 
from the same depth, but with a negative initial curvature, so that the control 
curve starts in shallower water. T o illustrate this, we show in Fig. 8 a series 
of paths corresponding to different values of C,; all of the control curves reach 
the depth of 4740 mat a latitude of 34°S. All of the paths start at the same 
depth, at 25°S, but all have different initial curvatures. Evidently, each path 
forms a loop slightly south of Sydney; all are qualitatively similar and difficult 
to distinguish from one another. There is no steady progression in properties 
from one path to the next: thus, path 5, whose control curve starts off in the 
shallowest water, does not itself have noticeably more of its path length in 
shallow water than do paths 6 or 7. 

Note that, toward their southern ends, the calculated paths shown in Fig. 7 
and 8 display long segments in deep water, with alternate short segments 
inshore of the control curve where the paths bend sharply. The reason is that, 
in this southern region, the control curves of the paths lie closer to the depth 
of the abyssal plain than to the depth of the continental shelf. Thus, if a path 
crosses the control curve in the seaward direction, it suffers only a small amount 
of vortex stretching before reaching the abyssal plain, and it will acquire only 
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Figure 7. A series of non divergent paths starting at the same point on the continental slope and 
traveling in the same initial direction. The distance each path travels south before looping 
increases as [ C,/C,[ increases. 

a small curvature; on the other hand, a crossover in the opposite direction can 
produce large shrinking and large curvatures. The calculated paths are in 
effect reflected by these sharp encounters with the coast, and they bounce out 



Journal of Marine Research [ 29,3 

150° 155° 160° E. 

30° 

3 5° 

/ 
! 
I 

I 
.f 

00 

/ 

\ _ 

/ 

I 
1. · 

'o 
o,;,._ 

I 
/ 

6 

j 
/ 

\ 

\. . 

'-
\ 
\ 

/ 

·'i I 

I . I 

I I/ 

I 

j 

6 

5 

\ LORD HOWE I. 

, .- ·, . 
\_ 

PATH 
No 

5 
b 
7 

I 

" \ 
I 

c, 

· 0 ·0 10 

·0-01 

-0·01& 

c, 

0 ·00l'4b 
O·OOHb 

2s" 
s. 

,o• 

,,. 

150° 155° 160° E. 
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Bottom velocities range fr om 9.1 cm/sec to 2 3. 5 cm/sec. 

to sea at an angle to the shore that is roughly equal to the angle of incidence. 
However, the path equation is almost certainly inadequate in these inshore 
secti ons of path, because the calculated radii of curvature ( 1 o or 20 km) are 
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co~siderably_ less than the approximate width ( 1 oo km of the observed current). 
It 1s more likel y, therefore, that when the real EAC " bumps into" the shore 
or strikes an irregularit y of suitable scale in the shore (such as those at about 
27°S and 31°S), internal turbulence and a loss of vorti city will occur and will 
modify the defl ecti on of the current as a whole. It also seems likely that the 
effect of pressure gradients along the shore, shown in § 6 to be important, 
will be parti cularl y large when the current approaches the shore. 

In discussing Figs. 7 and 8, we stated that the general nature of the cal-
culated paths should be determined (at least near the shore) by the control 
curve. T o test the range of ci rcumstances in which this statement is true, we 
show in Fig. 9 three paths that have the same control curve but which start 
out from the same initi al point in different directions. It is evident that paths 
8 and 9, each of which makes an angle of about 1 5° to the line of the con-
tinental slope, follow the slope smoothly until they finally depart from the 
shore. Even path 1 o, which starts at an angle of about 4 5° to the continental 
slope line, follows the coast reasonably closely. 

So far we have considered only paths with C2 = .003455, corresponding 
to a baroclinic component of velocity (VT - VB) of about 1 1 o or 1 30 cm/sec. 
If Cr and C2 are decreased, leaving the ratio C,/C2 constant, the control curve 
passing through a given point should be unaffected while the magnitude of 
the curvature at any given point should decrease. The exact consequence of 
this for the average "wavelength", or distance between two successive cros-
sings of the control curve in the same directi on, are unclear because of the ir-
regular nature of the oscillations about the control curve. However, we do 
at least expect that the wavelength will increase with decreasing C2, and it 
is apparent from Fig. 1 o that this expectation is satisfied. 

BEHAVIOR OF PATHS AwAY FROM THE CONTINENTAL SLOPE. M ost of 
the paths shown previously move generally in a southerly direction on leaving 
the coast, and they either loop back on themselves or show large-amplitude 
meanders beyond this point. At the last zero of curvature before leaving the 
coastal region, the paths generall y make an angle with true north of between 
I 50° and 240°. 

Figs. r 1-14 show several nondivergent paths that start off with zero initial 
curvature from various locations on the abyssal plain and move in various 
initial directions. Most of these have an assumed top velocity, V r, of 142 
cm/sec and a bottom velocity of I r.6 cm/sec on the triangular model in § 5; 
the bottom velocity is somewhat high compared with the typical speeds observed 
at great depths. The aim is to obtain a crude idea of how important the topo-
graphic effects are l ikely to be for currents that have already reached the abys-
sal plain; with the bottom speed chosen here, we will probably overestimate 
their importance somewhat. 

In each fi gure, all of the paths start off at the same initi al angle. For reference 
purposes, we show on each diagram one path with the same value of C2 but 
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with Cr zero-in other words, a path that has no velocity at the bottom; 
its curvature is due entirely to the /J-effect. Roughly speaking, the seabed is 
nearly flat below the 2500-fathom contour and is hilly or mountainous above 
it. Thus there should be relatively little topographic influence on paths so 
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long as they are below the 2500-fathom contour, but some effect should show 
up for paths that cross this contour. All of the paths that start at an angle of 
240° remain in the deepest water for almost their entire length, and, as ex-
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pected, the paths with a finite bottom velocity (paths 20-22) differ little in 
general appearance from the pure Rossby loop of path 23. 

If any of these paths were continued, they would cross themselves; this, as 
stated earlier, is impossible in a steady-state situation. However, it is not un-
reasonable to expect that the formation of closed loops in the present model 
is related to the existence of eddies in the real current. It is interesting that the 
closed and nearly closed loops appearing in Figs. 11-13 have a radius of cur-
vature of 70-110 km, which agrees favorably with the radii of the eddies 
observed in this region. A quantitative comparison is difficult because the 
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observed eddies do not have a well-defined radius; however, visual inspection 
of the observed dynamic-height contours, such as that shown in F ig. 16 (re-
produced from Boland and Hamon 1970: fi g. I 6 ), suggests that the 190-cm 
dynamic-height contour usually defin es the fastest-moving water in the eddies. 
Eddies have been observed between 33° and 36°S, primarily over the abyssal 
plain (Hamon I 96 5 : figs. I, 5, 6; Boland and Hamon I 970: fig. 3). For all 
of these eddies, the 190-cm contour forms a rough circle, with a radius of 
about I oo km. The largest radius that can be reasonably inferred from these 
eddies, defined by the largest dimension of the largest closed dynamic-height 
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contour, varies from I oo km to about I 40 km. Furthermore, the fl ow in all 
strong eddies in this region is anticlockwise, as it would be for eddies formed 
in the manner just suggested. 

Returning to the questi on of topographic influence on currents that have 
left the neighborhood of the continental slope, we note that the calculated 
currents differ from one another and from the reference path with C, = o; 
this occurs more and more strongly as the initi al angle is changed from 240° 
to 150°. This is because the currents run more and more directly into the 
region of hill s and mountains to the east of the main abyssal plain. Apart from 
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the seamounts (which are incorrectly represented here), the most massive fea-
ture of the topography to the east of the abyssal plain is the long bank, which 
runs north from 34°S and on which Lord Howe Island is situated; it forms 
the western Rank of the L ord Howe Rise. A current running northward along 
the western slope of this bank should be stably "attached" to it in the same 
way that a current running southward down the continental slope is attached. 
Path 30 in Fig. I 3 shows clear evidence of this phenomenon; it moves a con-
siderable distance further north than does path 3 1, which has zero-bottom 
speed. Fig. I 5 shows a series of paths starting off from the same point as path 
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30, but at slightly different angles; it is seen that the attachment of the cur-
rent to the bank can occur in a fairly wide range of circumstances. On the 
other hand, if a path runs too directly into Lord Howe Rise (such as paths 
28, 32, and 34), it is generally reflected back onto itself. 

It is not possible to tell from the observed dynamic topographies whether 
topographic effects of the type just described actually occur; the data collected 
thus far to the east of the Australian coast are too scanty. 

6. //alidity of the Path Equation. All of the preceding discussion has been 
based on the use of the path equation (5); several assumptions, whose validity 
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must now be discussed, were made in arriving at it . One assumption in par-
ticular can be shown by direct measurement to be invalid. 

When the current l ies close to the shore, the ri ght-hand inerti al term, 
TR[JU + 1/e0 py] appearing in (4), is of the same order of magnitude as the 
typical observed and calculated values of the curvature term, o/oy(~ < /72 > ). 
This foll ows from the fact that, in the region where the current generally 
fo ll ows the coast, the shoreline is roughly parall el to the y axis; thus py is 
roughly Pr!' where r; is a coordinate along the shoreline, and U is nearly zero 
(even outside any assumed thin frictional sublayer). Consequently 

( 
I ) o I TR JU+ - py == 8 , 

eo 'Y/ 
where 

I = - p(x,y,z)dz, I JH 
(!o B,(y ) 

the integral being evaluated close to the shore. Now, tide gauges at shore sta-
ti ons opposite the current show ir regular slow flu ctuati ons in sea level, of the 
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order of 10 cm and with a typical period of 20-50 days; it is believed that they 
are related to the fluctuations of the EAC, which have similar periods (Hamon 
1969 ). Th us the fluctuations in pressure just below the surface are of the 
order of I o4 dyn/cm2

• Those at greater depths can be found from measurements 
of density versus depth, taken just offshore from the tide gauge; Ramon's 
measurements show that the pressure fluctuations at 500 m are not much 
smaller in magnitude than those at the surface (although the fluctuations at 
the two levels are not very well correlated). The fluctuations below 500 m 
are not known. If we choose to ignore them we probably underestimate the 
value of I; thus I is at least of the order of 5x 108 cm3/sec2

• 

On the other hand, the radius of curvature, "-,, of the bends in the EAC 
is seldom less than 30 km, either in the observed current or in the calculated 
paths; < f/2 > , according to the data in § 4, is about 9x 1014 cm4/sec2• Thus 
"< f/2 > is of the order of 3x 108 cm3/sec2

• If the typical wavelength, L'.ly, for 
downstream variations of " < f/ 2 > and J are about the same, then the right-
hand inertial term is at least comparable to the curvature term, and its neglect 
from the path equation cannot be justified. 

In view of this fact, only the briefest comments on the other assumptions 
of the theory are made. The neglect of time-dependent terms from the path 
equation (5) is probably fairly well justified; the oscillation period of 20-50 

days is long compared with the average time for the water to traverse one 
"wavelength" (i.e., about 200 km) of the current. Little can be said con-
cerning the validity for neglecting either the friction or the left-hand inertial 
term, TL( - UVc - f/f/y - Wf/z - "Uf/), appearing in (4), from the path equa-
tion. The assumption of a velocity structure for a current that is independent 
of the topography over which it passes presupposes that the changes in depth 
along the path are small compared with the average depth; this is not partic-
ularly well satisfied for the paths calculated here. Finally, the width of the real 
current is about 100 km, which is of the same order as the typical path cur-
vature. [The last two sentences can be expressed in the one statement that b 
is of the order of unity, where o is the nondimensional parameter introduced 
by Robinson and Niiler ( 1967 ), § 5, I. For the Atlantic, o was found to be 
small, permitting the use of a perturbation expansion that led to equation (5) 
of the present paper; here this would not be justified.] 

7. Conclusions. Attention in this paper has been focused on the behavior of 
nondivergent currents traveling over the Eeast Australian bottom topography, 
subject to the path equation (5). The main conclusions are: 

(i) A current of this type, which has an assumed velocity structure that is 
consistent with observation, can travel about I ooo km southward along the 
East Australian Coast before forming a loop. 

(ii) Such currents generally make an angle of 45° or less with the local 
direction of the continental slope at their last zero of curvature before leaving 
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the coast; therefore they are likely to go into large amplitude loops or to cross 
over themselves. 

(iii) In the sections of path overlying the deep abyssal plain (below 2500 
fathoms), topographic influences may be neglected if the bottom velocity is 
consistent with pinger observations. The paths are therefore essentially Rossby 
loops in this region. It is suggested that the particularly well-defined eddies 
frequently found south of Sydney might be formed by the gradual closing of 
an open Rossby loop. 

(iv) There is a noticeable tendency for the calculated currents to either 
follow the Lord Howe Rise northward into shallower water or be refl ected 
back by it . 

It has been demonstrated that the downstream pressure gradients occur-
ring in the real EAC are suffici ently large to invalidate the use of the model 
equation (5) for quantitative studies of the EAC. A direct demonstration of 
the fact that the model equation is not always valid for the EAC is afforded 
by Fig. 16 (reproduced from Boland and Hamon 1970: fig. 4). 

The 190-cm dynamic-height contour in Fig. 1 6 bends sharply to the right 
at about 34 °2o'S, 153° 4o'E and then bends sharply to the left at about 34 °2o'S, 
155°2o'E. These two bends occur at nearly the same latitude, in water of 
nearly constant depth, so that, if this strong current were governed by the path 
equation (6), it would have the same curvature throughout this region. 

Taupo Bank, the nearest major topographic feature, l ies about I oo km to 
the northeast of the second point mentioned, so it seems unlikely that the 
observed behavior is explained by vortex shrinking induced by the Bank. 

It would appear more probable that the northward-moving water is in-
flu enced by the feature at about 32°3o'S; in other words, the explanation lies 
in nonlinear interactions between the two adjacent bodies of rapidly flowing 
water. However, this is obviously an ad hoc assumption and does not alter the 
fact that the path equation does not hold in this region. 

Despite these failings, the areas of agreement that do exist between the 
calculated paths and the behavior of the real EAC suggest that a certain amount 
could be learned from a depth-integrated model of the usual type, in which 
a partial differential equation is solved for the time development of a stream 
function, defined over a two-dimensional region. In such a model, the most 
questionable assumptions of the present work- namely, the "thinness" of 
EAC and the lack of nonlinear interactions between the current and its sur-
roundings- would be irrelevant, since the model would in effect assign equal 
importance to the downstream and cross-stream directions. On the other hand, 
a depth-integrated model involving current velocities simil ar to those occur-
ring in the real EAC should contain dynamic features that have scales similar 
to those found in the real EAC, just as the present model has. It would also 
be desirable to include a continental slope at the western edge of the model 
rather than a vertical wall, which has been employed in most numerical studies 
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to date. It is evident from the foregoing (particularly Fig. 7) that vortex 
stretching and shrinking are capable of producing major effects on the paths 
of currents that start in shallow water. 
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