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ISOPYCNIC ANALYSIS OF CURRENT FLOW BY MEANS 
OF IDENTIFYING PROPERTIES 

BY 
ALBERT EIDE PARR 

Bingham Oceanographic Laboratory, Yale University 

With regard to the identifying properties by which, in the writer's opin-
ion, the actual trajectories of ocean currents can be more confidently traced 
than by the dynamic topographic method (see preceding acticle, Parr 1938, 
a) nothing much needs to be said in the present article. To the extent that 
these properties do serve to identify water masses of the same derivation in 
the course of their movement and their gradual changes, and do differentiate 
these water masses from those of other origins, the validity of the conclu-
sions to be drawn from a study of the distribution of these properties would 
seem beyond dispute. Investigations by the method of identifying proper-
ties further has two great and obvious advantages over the dynamic method 
of approach to the problem of actual trajectories, namely, 1) that they do 
not require the arbitrary assumption of a stationary datum level, and 2) 
that they are not confined to a consideration of components in two dimen-
sions only, but deal with the ocean on a three-dimensional basis in accord-
ance with actual nature. 

The identifying properties most commonly used are of course salinities 
and temperatures, which may be studied separately, or usually to much 
greater advantage by the correlation method first suggested by Helland-
Hansen (1918) and further elaborated and applied by Jacobsen (1929) and 
many others. When comparisons are made between calculated dynamic 
topographies and horizontal distributions of temperatures and salinities, 
however, one must not lose sight of the fact that one is actually comparing 
only two different elaborations of the same original data, temperatures and 
saliniti es forming the observational basis for the dynamic calculations. In 
consequence only a disagreernent between dynamic topographies and the 
distributions of these two properties will have any conclusive bearing upon 
the corrections to be applied to the dynamic interpretation, while an agree-
ment obtained from this comparison is entirely inconclusive unless the layer 
studied by its identifying salinities and temperatures has itself been ex-
cluded from the computation of the confirming dynamic topography (Parr 
1937a, p. 56). Identifying properties not affecting the dynamic calculations 
therefore have several advantages over those considered in these computa-
tions. Unfortunately most of these independent properties are less con-
servative than the salinities and temperatures. Nevertheless, oxygen dis-
tributions in particular have already found useful applications in such 
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studies, and Seiwell 's valuable report on the oxygen distribution in the 
western North Atlantic (Seiwell , 1934), in which reference is give to all 
earli er work, might perhaps be speciall y mentioned as an illu stration of the 
excell ent results obtainable from this source. Rossby's application of the 
correlation method to oxygen distributions as well as to temperatures and 
sali niti es (Rossby, 1936) is also of parti cular interest. It is obvious that the 
li st of independentl y variable properties can be indefinit ely extended as our 
knowledge of the chemistry of the sea advances. 

Apart from the question of finding the most revealing identifying prop-
erty, we also have the problem of selecting the form of presentation best 
designed to bring out the full hydrographic signifi cance of the distribution 
of the properties which are known and available for discussion. The earli est 
method, still in use for its own parti cular purposes, was that of simply pre-
senting the distri butions in a series of horizontal levels of various depths. 
In such horizontal trans-sections, however, obliquity of the layers will 
introduce apparent discontinui t ies entirely obscuring the actual continuity 
of the layers themselves. Lately this method has to an increasing extent 
been replaced by a presentation of distributions in horizontal projection 
regardless of actual depth, which permits the actual continuity of a certain 
layer to be full y illu strated regardless of its vertical flu ctuations (see parti c-
ularly the clearl y stated arguments for this method given by \Yust 1936). 
But even this procedure has its serious li mitations in the diffi culty of ap-
plying it to any other layers than those in which the property under con-
sideration is consistently present either in a maximum or in a minimum 
concentration in all verticals. 

With recognition of the fact that current flow , as distinct from mixing, 
must foll ow along isopycnal surfaces (Rossby 1936), howe,·er, it is clear 
that the attention should be directed towards a study of the distribution of 
identifying properties in surfaces of equal density, and in this form of pres-
entation we will obviously be entirely free from the parti cular limi tations 
applying to either one of the other two methods just described. Such 
isopycnic methods of invest igation have already been developed and ap-
pli ed to meteorological problems by Rossby and coll aborators (1937 b) 
under the designation of isentropic analysis. Here again it is e,ident that 
it would be of great advantage to be able to study the distribution of an 
identifying property which varies essentiall y independently of the density 
of the medium. In the atmosphere specifi c humidity has pro,·ed Yery valu-
able for such comparison, in the ocean the distri bution of oxygen and 
simil ar properties (see above) not signifi cantly affecting densities are natu-
rall y immediately thought of. But unfortunately no other property is so 
regularl y subject ofobservation in oceanographic research as are the saliniti es 
and temperatures which both enter signifi cantly into the determination of 
densities. In trying to apply isopycnic analysis to tbe ocean currents, it 
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therefore seemed particularly desirable to attempt to develop methods by 
which this analysis could be carried out on the basis of these two dependent 
variables alone. That the use of these dependent variables is not in itself 
objectionable if it will serve its purpose, is obvious from the great success 
and amazing precision of the temperature-salinity correlation method ap-
plied in a single dimension only (T-S correlation curves for single verticals 
of observation), since the study of the distribution of one or other of these 
variables along isopycnal surfaces is simply an extension of the T-S correla-
tion method from one to two dimensions, the correlation with the other 
variable entering in the determination of the isopycnal surface. By integra-
tion of transverse profiles plotted on the basis of isopycnic distributions, the 
method can finally be extended to the third dimension as well, in the manner 
to be discussed in this article. From this reasoning it should be clear that 
the method of plotting salinities or temperatures against densities or 
isopycnal surfaces does not go beyond the premises of the simple method of 
T-S correlations alone, but merely extends the method to two or three 
dimensions, by plotting the variations of one variable against the correla-
tion of both variables expressed in the densities which are the simplest and 
most obviously significant form of expression for this correlationship. It 
would of course also be very interesting to try other methods of expressing 
the variations of one against the correlation of both so as to obtain more 
than a one-dimensional picture, but this would of necessity involve the 
fitting of mathematical functions to the empirical forms of the T-S curves 
for single verticals, and a generalization of these functions for each type of 
water present in the region under investigation. An important contribution 
to oceanographic method pointing in this direction has been made by 
Iselin (1936) in his analysis of the distribution of deviations from the aver-
age T-S correlation curve for the North Atlantic. While this method has 
its own very valuable uses, it is desirable in the isopycnic analysis of flow, to 
have the deviation of each single set of observations expressed not only by 
the separate deviation of each variable from its average for the observed sep-
arate value of the other, but also in terms of the relative deviation of each 
variable from its average for the observed correlation between both vari-
ables. This is what the plotting of either variable against the correlation 
of both, as expressed in the densities, will accomplish with a minimum of 
mathematical complication. 

In the preceding we have repeatedly referred to isopycnic flow as an 
established fact, and before we go on the writer would like to point out that, 
apart from the surface layer in which densities may be changed by external 
influence (Parr 1936 a), the assumption of isopycnic flow is not a mere 
hypothesis or theory, but an axiomatic truth by the definitions of our 
hydrodynamic concepts, since, away from this surface layer, a liquid 
particle can only traverse an isopycnal surface, that is can only change its 
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density, by mixing (assuming diffusion to be negli gible in comparison), 
while longitudinal flow, that is the essentiall y intact movement of a body 
of water as a stable unit with retention of its properties, on the other hand 
involves no change in density and must therefore ipso facf,0 be isopycnic. 
Any component at right angles to the isopycnals is therefore by defi nition 
a mixing component as distinct from the trajectories of fl ow which must 
by the same defi niti ons be isopycnal. This, however, is not to say that all 
isopycnic components are to be classifi ed as components of fl ow, since the 
mixing processes will also have their greatest components along isopycnic 
surfaces (Parr, 1936b; Rossby 1936). 

In this first attempt to investigate the possibil ities of the methods herein 
suggested, it was found desirable to work with observations from a region 
in which the variation in the identif ying properties of the adjacent water 
masses were greater than in the very homogeneous Caribbean Sea, in the 
study of which the writer is otherwise engaged. In the region of conver-
gence between the Labrador Current and the North At l antic drift off the 
southern end of Newfoundland bank the variations in identif ying prop-
erties over short distances are at a maximum, and an excell ent example 
for the study of the eff ectiveness of isopycnic analysis is here again avail-
able through the observations of the U. S. I ce Patrol. 

DESCRIPTION OF PROCEDURE 

The special set of observations to be discussed in the foll owing were made 
at U. S. Ice Patrol stations 604-630, during June 19-29, 1926, and all the 
original data have been published by Smith (1927). 

As a first step in the procedure salinities and temperatures were plotted 
against densities (o-1) 1 for all stations (curves not shown). Saliniti es were 
then selected for further elaboration. To elaborate both properties from 
a plotting against density would obviously be meaningless in view of their 
mathematically rigid inverse correlationship at constant density Yalues. 
Individual salinit y profiles for selected isopycnals and for the free surface 
were then plotted for each section as shown by an example in F ig. 44. This 
plot is mainly done for the purpose of seeing whether the form of the cur,·es 
will require the interpolation of maxima or minima beyond those occurring 
in the actual observations. From such profil es, and from the salinity-
density curves, the horizontal distributions of salinity in Yarious isopycnal 
sheets are then plotted as shown in Figs. 46-49. 

In meteorological practice the distribution of identifying properties in 
isentropic surfaces is generall y presented in a superimpositi on upon the 
topography of the isentropic surface with reference to elevation. In ocean-
ographic usage the variations in the depth of the upper isopycnic surfaces 

1 See Montgomery 1937. 
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will generally tend to be too slight to be of any certain significance. The 
isopycnic isobaths have therefore only been drawn for the deeper surfaces 
of equal density in Figs. 47-48. In the case of the surface of cr1 = 27.5 the 
bathymetric chart is presented separately to avoid confusion (Fig. 50). 

As a final step the minimum and maximum salinities occurring in each 
isopycnal surface within the entire region under investigation are then 
determined. We now assume that the maximum salinity in any isopycnal 
expresses the most unmixed state in which one of the original water masses 
contributing to the system occurs within the observed area, and that the 
minimum salinities expresses another original water mass in the same man-
ner. Subtracting the minimum from the maximum, we then get the range 
of the difference between these two original components in the state in which 
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Figure 44. Salinit y profiles for isopycnic layers of a, = 26.0; 26.5; 26.8; 27.0; 27.2; 
27.4; 27.6 and for the free surface through Ice P atrol Stations 610-614. Salinit y scale for 
isopycnic profiles at left , for free surface at right. 

they enter our field of observation. Subtracting the minimum salinity in 
each isopycnal sheet from all values determined by observations and inter-
polations within the same density surface, and expressing these differences 
in per cent of the maximum difference within the isopycnal sheet, we should 
then obtain relative salinity values expressing the percentage presumably 
contributed by each original water mass to create the salinities actually 
observed in each surface of equal density, with 0 expressing one component 
in unmixed form and 100 expressing the other. The accompanying table 
gives relative salinity values in isopycnal surfaces for all stations considered 
in this example, and the station curves for relative salinities plotted against 
densities in situ (cr1) are given in Fig. 51 A-E. 

If we have only a single short series of relatively few stations, the useful-
ness of the method will be minimized by the fact that a number of observa-
tions corresponding to the number made _at one station (although not 
necessarily all from the same station) will have to be given the value of 0, 
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Figure 45. Surface salini t ies (heavy Jines) superimposed upon the dy namic topography 
of the fr ee surface with reference to 750 decibars (li gh t lines) as dra,wn by ntith (1927, 
fig. 57) for I ce Patrol Stations 605-630 . 

Figure 46, Saliniti es in isopyncic surface of cr , = 26 .0 , [sohaliuas for ever y .5°/oo. 
Figure 47. Salinit y distribution in isopy cnic surface of cr, = 26.5, Isohalines (heaYy 

solid lines) fot· every ,5 ° /oo. Isobat,hs (li gh t broken lin es) for e err ten m eters dep t,h . 
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Figure 48. Salinity distribution in isopycnic surface of cr, = 27.0. Isohalines for every 
.5° /oo. Isobaths for every 50 meters depth. 

Figure 49. Salinities in isopycnic surface of cr, = 27.5. Isohalines for every .1 ° /oo. 
Figure 50. Bathymetric topography of isopycnic surface cr, = 27.5. Isobaths for every 

50 meters depth. 
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and an equal number the value of 100. That is, if a number of observations 
(r) is taken at each of a number of stations (n) out of the total number of 
observations (rn) only r (n-2) will actuall y give signifi cant relative values, 

R ELATIVE SALINITI E S IN !SOPYCNIC SURFACES 
lcE PATROL STATIONS 604-630 

Densities in situ 26.0 26.5 26.8 27.0 27.2 27.4 27.5 27.6 

Maximum salinity 36.04 36.00 35.97 35.62 35.49 35.35 35.28 35. 21 
Minimum salinity 32.88 33.09 33.36 33.61 33.91 34 .22 34.39 34.56 

Salinity range 3.16 2.91 2.61 2.01 1. 58 1 33 .89 . 75 

Station Relative salinities in per cent 

605 100 97 92 100 100 100 85 56 
606 88 56 87 92 80 49 46 35 
607 24 39 48 64 66 34 30 24 
608 9 9 7 6 7 9 12 19 
609 40 34 27 22 19 17 26 21 

610 45 63 74 86 69 26 21 19 
611 11 15 19 27 46 29 25 17 
612 11 11 7 4 1 4 9 13 
613 88 92 88 98 98 85 100 100 
614 93 96 98 98 77 50 52 40 

615 75 94 93 91 80 60 66 45 
616 97 93 91 85 61 36 31 17 
617 19 3 10 70 64 41 38 24 
618 25 22 19 18 19 23 29 36 
619 35 41 58 76 59 40 40 32 

620 24 17 7 3 10 17 25 32 
621 2 20 35 83 50 26 26 25 
626 39 55 66 82 58 35 30 43 
627 11 18 22 28 35 26 27 21 
628 60 52 49 85 75 41 37 29 
629 81 100 100 84 75 61 72 60 
630 68 83 89 94 82 70 2 71 

622 0 0 0 0 0 0 0 0 
623 6 7 5 4 6 5 7 15 
624 9 11 9 8 8 14 21 14 
625 52 61 65 72 56 16 34 21 

604 7 13 

and even their relative values will have less significance in proportion to 
our lack of assurance about the significance of our limitin g values with too 
few observations available. When the relative salinit y-density curve for 
any particular station assumes the value of 100 or of 0 over any great 
density range, this does not mean that the waters at such a, station are 
entirely homogeneous with reference to primary origin of one water mass 
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Figure 51. Relative salinities plotted against densities (u,) for separate profiles. Ice 
Patrol Stations 605-630. (Sequence of profiles from West [A] to East a nd North [EJ.) 
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or the other, but merely that over this density range such stations show the 
relatively least mixed state of the original components as they arrive within 
the region of observation, along isopycnal surfaces, although with reference 
to primary origin beyond this region it is most lik ely that these stations 
also would show variable degrees of already accompli shed mixing over the 
entire density range. 

From the relative salini ty-density curves (Fig. 51 A-E) the relative 
sali nity profiles can be drawn as shown in F igs. 52-56, in which relative 
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Figure 52. Profile of relative salinit y curves (heavy lines) superimposed upon equal 
density curves (li ght lines) . Ice Patrol Stations 605-609. 

salinity curves are superimposed upon the isopycnals (figs. 52-53, 55-56) 
and upon the absolute salini ty curves (fig. 54). 

By integrating our relati ve salini ty profiles (Figs. 52-56) we finall y obtain 
a three-dimensional representation such as that roughly indicated in Fig. 
57, in which the overlap between the heavil y drawn 50% relative salinity 
contour lines for the Labrador Current (solid lin e, dotted area) and Atlantic 
waters (broken line, hatching) in the south and east, and between the 
Labrador Current waters and the waters off tl1e slope of the bank (broken 
line, hatching) in the northwest, ill ustrates the actual overlap in the three-
dimensional distributions of these ·water masses indicated bv tl1e relatiYe 
salinity profiles. · 
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DISCUSSION OF RESULTS 
Figs. 46-49 will probably be sufficient illu stration in themselves of the 

merits of the isopycnic method of analysis for tracing the actual distribution 
of water masses resulting from the movements of the ocean currents, and 
thereby also for outlining the general features of the current system itself. 

It will be noted at once that the isopycnic salinity distributions for all 
surfaces of equal density here illustrated show a perfect agreement in indi-
cating a major eddy formation in the eastern angle of divergence following 
the convergence between the Labrador Current and the North Atlantic 
drift. Both the position, and the indicated counter-clockwise direction of 
rotation of this eddy are in perfect accordance with every logical and empiri-
cal expectation in association with a convergence of this type. Nevertheless, 
no such eddy formation was indicated in the original dynamic topographic 
map of this hydrographic situation. While it may be true that, with this 
other evidence of the existence of such an eddy available, the dynamic 
contour lines might, without violation of the data, be redrawn so as to give 
a slightly better agreement with distribution of the water masses on certain 
points, such agreement would be utterly unobtainable for the western half 
of the picture, and the discrepancy between the identities of the water 
masses located in the incoming and in the outgoing contour lines in the 
North (Parr 1938a, this issue, p. 122) is entirely ineradicable. Since, 
furthermore, the dynamic map originally published (Smith, 1927, fi g. 57, 
p. 115) is in every way a proper expression of customary methods of dy-
namic interpretation of current trajectories, it provides a perfectly fair basis 
for a demonstration of the limitations of this procedure in comparison with 
the results of the isopycnic analysis of flow (see Fig. 45). 

The instructiveness of the relative salinity profiles (Figs. 52-56) with 
regard to the cross-sections of the various currents passing through the 
profiles in different directions is self-evident. In Fig. 54 the relative salin-
ity distributions in two of the profiles are superimposed (in heavy lines) 
upon the pattern of the absolute salinity distributions (light lines). The 
much greater sharpness of definition obtained from the relative as compared 
with the absolute salinity profiles is obvious in these illustrations. One 
will particularly notice a complete lack of definition of the northern (left) 
boundary of the Labrador Current in the absolute salinity pattern for the 
upper 100-200 meters in Fig. 54, and the equally complete lack of definition 
of the bottom water (or mixing zone) rising to high levels at station 612. 
That the absolute salinity distributions in other parts of these particular 
profiles might in themselves alone lead to approximately the same (but less 
precise) interpretations of current boundaries, as do the relative salinities, 
is due to the fact that the differences in the identifying properties of the 
separate bodies of water in this particular instance are so great that inver-
sions occur both in the horizontal and in the vertical salinity gradients. It 



144 

DEi-TH 
0 

100 

200 

300 

• oo 

500 

Goo 

700 

DE PTH ST.: 9 19 
0 

26 8 

100 270 

200 
272 

3 00 
2 7.4 

•oo 

2 7 6 

500 

600 

700 

BOO 

27. 6 

SEARS FOUNDATION 

612 

2 0 MIL E S 

• ,,,.,. 

I 11111 11 1d11111 Ill ii 

61 8 61 7 'l.~ ... 

20 MILES 

l11111111il11111111 ii 

6 13 

616 'l.~ ... 

~o 
'l. 

[I, 2 

6 15 

26.0 
26.2 
26. 4 
26 6 

26 B 

Figure 53. Prot\Je of relative salinity curves (heavy lines) superimposed upon equal 
density curves (li ght lines). Jee Patrol ' tations 610-614 (aboYe) and 615-619 (below). 



Hl37-8] 

100 

200 

300 

400 

500 

600 

700 

800 

100 

200 

34.8 

300 

400 

34 .8 

S00 

600 

700 

JO URNA L OF MARINE RESEA RCH 

35 4 

34 . 8 

20 MILES 
l1t1 ,,,,,.!, ll Htllll 

20 MILES 
1111111111!1111111111 

iJ 
? 

\ 

145 

35 8 

05 8 

05 6 

3 5 4 

3 5 .2 

3 5 a 

35.6 

35 . 4 

3 5 . 2 

Figure 54. Profile of relative salinity curves (heavy lines) superimposed upon absolute 
salinity curves (light lines). Ice Patrol Stations 610-614 (above) and 615-619 (below). 



14G SEAUS FO UNDATION [I , 2 

621 

26 8 
100 

200 27.0 

300 

27. 2 

400 

27.4 

500 

600 

20 MILE S 

700 Ull1Jll!illlWlj 

Figure 55. Profile of relative salinity curves (heavy lines) superimposed upon equal 
density curves (light lines). Ice Patrol tations 620-21; 626-630. 

500 

20 MI LES 

111111 111 ,!11 11111 11 1 

27. 6 

Figure 56. Profile of r elative salini ty curves (heavy lines) uperimposed upon equa l 
density curves (li ght lines) . Ice Patrol Stations 622-625. 



1937-8] JO UllNA L OF MARINE RESEARCH 147 

is clear, however, that inversions in the lateral (as distinct from the horizon-
tal) salinity ?radients a~ong the undulating isopycnal surfaces may perfectly 
well occur without leadmg to corresponding inversions either in the horizon-
tal or in the vertical gradient. Under these conditions, which are lik ely to 
develop to a greater extent the less sharply distinct the various bodies 
of water are, the definition of the current boundaries will tend to disappear 
entirely from the absolute salinity profile, as they have disappeared for this 

Figure 57. Distribution of rnlati ve saliniti es (10; 30; 50 ; 70 and 90% ) regardless of 
depth. Dotted area and solid contour lines for relative saliniti es of less than 50 % (L abrador 
Current) . Hatched a rea and broken contour lines fo r relative salini t ies of more t han 50 % 
(At lantic water) . 50 per cen t limitin g boundaries of each system heavier than other con-
tours. 

very reason in the particular portions of the two profiles here discussed 
(see above), while the definitions of the boundaries in the relative salinit y 
profiles remain equally sharp under all circumstances. This variation in 
the relationship between the relative and the absolute salinity distributions 
may be generalized in the statement that so long as the absolute salinities 
as a whole, that is both minimum and maximum salinities, vary with density 
in situ, relative and absolute isohalines can only run parallel with each 
other when the absolute isohalines are parallel with the isopycnals, but 
must have a component at right angles to each other whenever the absolute 
isohalines have components at right angles to the lines of equal density. 
Since absolute salinities almost always vary with density (similarly as with 
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depth) and since the isopycnal surfaces will only exceptionall y also be sur-
faces of equal sali nities for any great distance, it fo ll ows that relative and 
absolute sali nity profil es wi ll only in extremely rare and limited cases, if 
ever, present identical pictures. It is therefore evident that the relati ve 
salinit y profil es or any other form of presentation of relative salinities over 
a range of variations in density (e. g., in charts drawn regardless of depth 
and density such as Fig. 57) will always have a superior significance of their 
own, with a more direct bearing upon the problems of fl ow than that in-
herent in the absolute salinity distributions. 

If, on the other hand, a presentation of salinities with reference to con-
stant density is desired, it is obvious that any distinction between relative 
and absolute saliniti es would be purely numerical and entirely pointless. 
For comparison of relative salinity distri butions from one isopycnic chart to 
another all that is required will be a rectilinear conversion curve for each 
surface from minimum salinity, as 0%, to maximum salinity, as 100%, but 
the isopycnic pattern of relative isohalines wil l be identical with the isopyc-
nic patterns of the absolute saliniti es. 

Concerning the relationship between bathymetric topography and the 
distribution of identifying properties in an isopycnic surface, it is the 
general expectation in meteorology to find a parall elism or at least a fairly 
distinct similarity between the pattern of the topographic contour lines 
and of the lines of equal concentration of the property considered. In our 
example of the hydrographic application of isopycnic methods of analysis, 
the surface of a1 = 26.5 is apparently still not far enough below the free 
surface of the sea to escape the distorting influence of the variable forces 
such as wind, etc. acting from above upon the bathymetric characteristics 
of the surface layer itself. In the isopycnic surface of a, = 27 (Fig. 48), 
however, we find a fair, but far from perfect, agreement between bathy-
metric topography and identifying properties, in accordance with the just 
mentioned expectations. This agreement is also repeated in the general 
pattern of the still deeper isopycnic surface of a, = 27.5 (Figs. 49 and 50), 
with a notable exception, however, in the southwest portion, for which the 
writer has no explanation to off er at the present t ime. 

With regard to mixing, the superimposition of the relati,·e salinity pro-
fil es upon the density profil es as in Figs. 52-56 gives us at lea t a valuable 
quali tati ve indication of the distribution of mixing processes in terms of the 
relati ve signifi cance of their hori zontal and vert ical components. Thus the 
manner in which the relative sali nity curves intercept the densitr curves in 
the deeper layers at the right margin of every profil e is probably indicative 
of a considerable vertical exchange in and below the deeper portion of the 
North Atlantic drift . When the relative salinit y curves foll ow an almost 
isopycnic course as they do over considerable distances from the center of 
the profil es to the lower right in all , ections, and also towards the lower 
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left in the more easterly sections (Figs. 53-54) it is probable that both lateral 
and vertical mixing must be relatively very sli ght in proportion to longitu-
dinal isopycnic mass transport. When finally the intercept of the relative 
salinity pattern with the density pattern takes the general form character-
istic of the upper layers throughout, and of the central column to consider-
able depths in each profile, a predominance of isopycnic mixing is obviously 
indicated, with its magnitude at least qualitatively suggested by the spacing 
of the relative salinity intercepts along the isopycnals. 

The isopycnic analysis of the distribution of identifying properties may 
also be of special usefulness in locating centers of vertical motion. As al-
ready brought out in meteorology by Rossby and others, the isolated oc-
currence of high or low concentrations, that is, of areas surrounded by 
closed curves of equal concentration of the identif ying property, in any 
isopycnic surface is ipso facto evidence of vertical motion. When variations 
in the identifying property studied do not signifi cantly affect the densities, 
the case is comparatively simple, but when for such reasons as those ad-
vanced in the preceding (p.135) we want to base our analysis upon dependent 
variables, certain compli cations arise. In either case it is necessary to 
investigate the circumstances under which the presence of such closed curves 
in an isopycnic surface may be due simply to vertical or lateral mixing, and 
when it may be considered to provide unequivocal evidence of vertical 
convections passing through the surface in question. 

Unfortunately our example from the convergence of the Labrador 
Current with the North Atlantic drift does not provide an illu stration of 
such closed curves, but the principles involved can be easil y demonstrated 
on an abstract case. If we have a temperature-salinity correlation curve 
such as ABC in Fig. 58, it is evident that vertical mixing confined to one of 
the straight regions of this curve, between A and B or between B and C, 
cannot produce any changes either in the salinity or in the temperature of 
any isopycnic surface. If, on the other hand, vertical mixing occurred 
around the inflection point B, the T-S correlation curve might change from 
ABC to AB1C and both temperatures and saliniti es would increase in the 
isopycnic surface of cr1 = 28. In the isopycnic surfaces around any curved 
portion of the correlation curve between two identifying properties of which 
at least one varies with density,* areas isolated upstream with reference to 
the distribution of at least one of these properties may develop simply 
through vertical mixing. If the vertical mixing is localized, it is further 
evident that these areas may also become isolated downstream by subse-
quent lateral mixing, and may thus be circumscribed by completely closed 
curves without giving evidence of anything but vertical and lateral mixing. 
To give conclusive evidence of actual convection through an isopycnic 

* Whether by direct causal relationship or indirectly is entirely immaterial in this 

connection. 
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surface, as distinct from mixing, the occurrence of isolated areas of maxi-
mum or minimum abundance of properties which vary with density in any 
signifi cant manner whatsoever must be associated with a complete separa-
tion between the correlation curve of two such properties defining their 
relationship within the isolated area and that characteristic of their relation-
ship in the surrounding waters, or by a reduction in the radius of curvature* 
of the correlation curve if the curve within the isolated area has an inter-
cept with the correlation curve of the surrounding waters both above and 
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Figure 58. Effects of lateral and vertical mixing upon the isopycnic distribution of salini-
ties and temperatures. See text. 

below the isopycnic surface in which the isolated maxi.mum or minimum 
appears. 

With reference to the eff ect of lateral mixing upon isopycnic distribution 
it is of interest to note that if we base our analysis upon temperatmes and 
sali~iti es, and lateral mi~ing occurs along isopycnic surface bemeen two 
bodies of water charactenzed by separate T-S cw·Yes, uch a for in tance 
AB_C and DD1 in Fig. 58, the rectilinear gradient along the actual mixing 
tra~ecto~y must result in a curved gradient along the i opycnaJs for rea ons 
which will be abundantly obvious in the illu tration. That i to sa~·, lateral 

* The radius of curvature of a straight lin e being infini te. 
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mixing cannot actua_lly be strictly isopycnic for the reason that the mixing 
products between different waters of equal density do not themselves re-
main of constant density (see also Montgomery 1937). If a sufficient num-
ber of sufficiently accurate determinations could be made, it seems indi-
cated that the form of curvature of the isopycnic gradient between adjacent 
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Figure 59. Temperature-salinit y correlation cw·ves for Ice Patrol Stations 614 and 616, 
representing Atlantic water; Stations 610 and 610, representing water off the slope of the 
bank; and correlation points for the minimum temperature layer in the Labrador Current 
(Stations 622 and 623). 

bodies of water might provide a valuable clue to the lateral mixing processes 
themselves, but such accuracy is probably not yet obtainable in practice. 

Concerning the apparently separate body of water of higher relati ve 
salinities occurring immediately off the slope of the Newfoundland bank, 
it is of interest to notice from Fig. 59 that its temperature-salinity correla-
tions agree very closely with those obtaining in the North Atlantic drift, 
and that the relevant portions of the T-S curves, both for the North 
Atlantic drift in the south, and for the slope water in the north are pointing 
with an amazingly perfect fit in a straight line towards the correlation 
values obtained for the cold core (minimum temperatures) of the Labrador 
Current in the most northern profil e. 
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Several possibiliti es thus suggest themselves for the deri vation of this 
intermediate slope water. It may be the disintegrating end point of a 
slowl y moving northern branch of the Atlantic drift , originating through a 
bifurcation farther to the eastward around a fi nal submergence of the 
branch of the Labrador Current which still remains in tbe upper layers in 
the region here investigated. Or the slope water may be an accumulation 
from occasional eddy transfer fr om deeper levels in the Atlantic drift to 
higher levels off the bank, taking place below the Labrador Current, which 
would not require the assumption of any changes by mixing after the slope 
water has arrived in its northern location. Or it may finall y and more prob-
ably arise from occasional eddy transfer (or regular eddy transfer in loca-
tions which have escaped observation) over the top of the Labrador Current, 
facilitated by the extremely sharp pycnoclines in its upper central portion. 
This would bring towards the slope of the bank water of higher saliniti es 
than those actually observed in the northern slope water (see Figs. 52-56), 
but the obse~·ved values would quickly develop through mixing in situ and 
in the course of the eddy transfer. 

SUMMARY 

An isopycnic method of analyzing current patterns by means of relative 
salinity distributions is suggested. As an example it is shown how this 
method serves to demonstrate the existence southeast of the K ewfoundland 
bank of a large and deep eddy movement, the presence of which is entirely 
undisclosed in the dynamic topography of the free surface calculated with 
reference to a horizontal datum level. 
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