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NOTE ON THE MERIDIONAL TRANSPORT OF ENERGY 
BY THE OCEANS1 

By 

GLENN H. JUNG 

Massachusetts Institute of Technology, Cambridge, Massachusetts2 

ABSTRACT 

The role of the oceans in providing poleward energy flux within the earth's fluid 
envelope is re-examined in regard to effective transport mechanisms. A hypothetical 
model near 30 degrees north latitude is found to produce a sizeable poleward energy 
transport when effects of closed vertical circulations operating in meridional planes 
are considered. Available data for the Atlantic do not conflict with this result. It 
is suggested that the importance of such meridional circulations should not be disre-
garded in computations of the global energy balance. 

INTRODUCTION 

As is well known, in polar regions there is a net radiation of energy 
into space from the earth and from its fluid envelope, the oceans and 
atmosphere. In tropical regions these receive a net excess of solar 
radiation. However, temperatures show neither a corresponding pro-
gressive cooling in the polar cap nor a progressive warming in the more 
tropical regions. There must exist, therefore, a poleward transport 
of energy through the earth's fluid envelope in order to maintain the ob-
served temperature equilibrium, since conduction through the earth 
proper is of negligibl e importance. 

From qualitative considerations the poleward energy flux through 
the oceans has. been assumed small compared with the transport 
through the atmosphere (see von Bezold, 1906; Bjerknes, 1933). 
Sverdrup (1942) made a quantitative estimate for ocean energy trans-
ported by the Gulf Stream System in the North Atlantic Ocean. This 
estimate gives a small percentage of the radiation requirements, sug-
gesting that ocean currents transport no more than 10% of the total 
poleward energy flux. It is to be noted that this estimate, necessarily, 
did not include energy transported by means other than the standing 
horizontal eddy comprised of the Gulf Stream System and associated 
return currents. 

1 The research resulting in this work has been sponsored by the Geophysics Re-
search Division of the Air Force Cambridge Research Center under contract No. 
AF 19-122-153. 

z Present address: Department of Oceanography, Texas A. and M. College, 
College Station, Texas. 
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Let us consider first some possible energy transport mechanisms 
within the ocean which may be important. As Sverdrup has noted, 
standing horizontal eddies provide one such mechanism. In addition, 
it is conceivable that closed vertical mean circulations in meridional 
planes might transport large amounts of energy, even though the 
average velocities involved are extremely small. 

Since it would seem improper to neglect this second possibility a 
priori, some estimate of the possible order of magnitude of the trans-
port produced by it should be made. Furthermore, if this result is 
significant, then the actual presence of mean meridional circulations 
should be investigated from oceanographic data in so far as this is 
possible. It is hoped that the material which follows may serve as a 
beginning in the study of these two questions. 

HYPOTHETICAL VERTICAL CIRCULATION 

Let us consider the energy transported by a simple closed vertical 
circulation that operates within a hypothetical model. The model 
used is illustrated in Fig. 1. As shown in B of Fig. 1, a northward 
velocity of about 0.51 cm sec-I is assumed to be present from the sur-
face to a depth of 950 m. Mass continuity then gives a southward 
flow of about 0.14 cm sec-I in the layer below 950 m which extends to 
an assumed bottom depth of 4,250 m. 

Reasonable values of the vertical distribution for temperature (T), 
salinity (S), and density (p), as given by Fuglister (1947), were em-
ployed in the hypothetical model. These values are for approximately 
30 degrees north latitude. The temperature distribution is given in 
C of Fig. 1. The width of the model (extent of ocean in the west-east 
direction) was chosen to be 5,000 km, i. e., comparable to the width of 
the Atlantic at 30 degrees north latitude. 

Within the earth's fluid envelope, the total energy flux across a 
latitude wall can be represented by the following expression used by 
Starr (1951): 

F = J A (P + PCv T + pgZ + pC2/2)vn dA . (1) 

P is pressure and T is temperature. Applied only to the ocean, Z is 
vertical distance counted upward, p is the density, and cv is the specific 
heat of the ocean water. C is the ocean current speed and Vn is the 
northward component of velocity. dA represents an element of area 
of the latitude wall within the ocean. 

The term containing P may be regarded as the rate at which pressure 
forces do work across the boundary surface. It is reasonable to assume 
that the term containing T is a close approximation to the internal 
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Figure 1. Hypothetical model of a closed vertical circulation in a meridional plane. 
A. Schematic representation. B. Assumed velocity distribution used for computations. 
C. Temperature distribution in vicinity of 30 degrees north latitude in the North Atlantic 
Ocean after Fu glister (194 7). 

energy transport. The terms containing Z and C2/2 represent trans-
ports of potential and kinetic energy, respectively. 

Under conditions of hydrostatic equilibrium the term in (1) in-
volving pressure nearly cancels the term involving potential energy, 
so that the sum gives a negligible contribution. This cancellation 
would become exact in the case of uniform density. 

Using any reasonable assumed values for the magnitude of C, it can 
be shown easily that the advection of kinetic energy is several orders 
of magnitude smaller than the transport of internal energy. 

The transport of internal energy thus determines the order of 
magnitude of the total energy flux across the latitude wall. For the 
model, this transport is of the order of 3 x 1014 gm-cal sec- 1• In order 
to include the effects of all oceans in the northern hemisphere, this 
figure should be multiplied by a factor of 3. 

The result is of the same order of magnitude as the total poleward 
energy transport required by radiation data for the entire fluid enve-
lope. The latter figure is about 1015 gm-cal sec-1 at 30 degrees north 
latitude according to estimates discussed below. It appears extremely 
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important, therefore, to determine whether or not such net meridional 
circulations do actually exist within the oceans. If so, their effect 
cannot be neglected in any complete study of the energy balance of 
the globe. 

COMPUTATIONS FROM ACTUAL DATA 

From the model discussed, it is evident that measurements of ve-
locity entering into ocean energy flux computations of the present 
type must be extremely accurate. Moreover, direct ocean velocity 
measurements are not sufficiently plentiful for this purpose. How-
ever, it is possible that new methods for measuring velocities, such as 
the one developed by von Arx (1950), may ultimately provide a solu-
tion to this problem after a large enough volume of data has been 
obtained. 

It is interesting to note that a vertical meridional cell within an 
ocean differs essentially from a corresponding cell in the atmosphere. 
The latter must be nongeostrophic in order to effect a net meridional 
mass transfer at a given level, and thus it represents a motion in which 
the Coriolis forces are not balanced by pressure forces. In the ocean, 
on the other hand, due to the presence of continental barriers, this is 
not necessarily true. A net meridional transfer at a given level in an 
ocean may be associated with motion in which pressure forces balance 
Coriolis forces. 

With appropriate reservations about possible motions other than 
those given by dynamic velocity measurements, we may use data 
compiled by Riley (1951) for the North Atlantic Ocean. At present 
these data represent the most comprehensive estimation of ocean 
volume transport available and results derived from them are at least 
of some interest. 

The distribution with depth of the average meridional velocities so 
obtained across 27 degrees north latitude is shown in Fig. 2. Since 
Riley points out that his estimates do not account for Gulf Stream 
transport adequately, additional data from Sverdrup, et al. (1942) 
were obtained for this region and are incorporated into the averages 
shown in Fig. 23• 

This velocity distribution gives a small net mass flow northward 
across the latitude section of the Atlantic Ocean. It is possible that 
a compensating outflow occurs on the opposite side of the hemisphere. 
Such an outflow would have to take place through the narrow and 
shallow Bering Strait into the Pacific Ocean with a velocity of about 
100 cm sec-1• However, such large ocean current velocities are im-

3 The velocity at 4,000 m estimated from Riley's data agrees reasonably well with 
preliminary results of a carbon 14 dating technique reported by Kulp (1951). 
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Figure 2. Vertical distribution of average velocities across 27 degrees north latitude in 
the North Atlantic Ocean. Solid curve is from data of Riley (1951). Dashed velocities give 
zero resultant net mass transport across this latitude. 
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probable in this region. In the event that such a mass outflow actu-
ally does exist, negative heat transport across 27 degrees north latitude 
in the Pacific Ocean must occur. This would bring about a cancella-
tion of the heat energy transported northward by the net mass flow 
in the Atlantic Ocean, when the hemisphere as a whole is considered. 
Thus, whether or not this effect is real, it is perhaps best to eliminate 
it. This may be accomplished by one of several procedures. 

The velocity profile may be shifted so that no net mass flux occurs. 
This may be accomplished by moving the profile a small amount in 
the negative velocity direction. As an alternate method, the ragged 
upper portion of the velocity profile may be appropriately smoothed, 
i. e., as shown in Fig. 2. 

Each of these procedures was used together with an average sounding 
of oceanographic variables from the METEOR Atlas (Wust and Defant, 
1936) to obtain estimates of internal energy transport by meridional 
cells within the Atlantic Ocean. The METEOR sounding, representing 
averages over the entire Atlantic section, is quite similar to the 
Fuglister sounding used in the hypothetical model derived from a small 
region of the Atlantic Ocean. The Fuglister temperature curve is 
about 4° C warmer than the METEOR curve at 500 m depth, the level 
of the greatest difference between the two. 

The estimate of the magnitude of the internal energy transported is 
about 3 X 1014 gm-cal sec-1 in each of these cases. This value is 
almost the same as that obtained from the hypothetical model dis-
cussed above. 

COMMENTS 

Baur and Phillips (1935) gave radiation values which can be used to 
obtain net radiation excess or deficit values for the earth averaged over 
latitude belts for the northern hemisphere (see Haurwitz and Austin, 
1944: 18). From these, estimates may be made of the energy required 
for poleward transport in order to maintain the observed temperature 
equilibrium. The amount required for transport by the entire fluid 
envelope across 30 degrees north latitude is approximately 1015 gm-
cal sec-1• 

In this latitude, oceans occupy approximately three times the hori-
zontal extent assumed in our hypothetical model or occupied by the 
Atlantic Ocean. Assuming that the results may be considered typical 
of all oceans in the northern hemisphere, the hypothetical model ocean 
could account for 9 X 1014 gm-cal sec-1, while from actual data the 
oceans could account for 9 - 10 X 1014 gm-cal sec-1• Of course these 
results depend upon dynamic velocity measurements, and therefore 
they must be treated with caution. 
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However, if such small vertical meridional cells in the ocean are 
capable of transporting energy in the amounts estimated here, then 
this possibility should not be neglected in energy balance relationships 
of the fluid envelope. 

According to Wexler (1944), the atmospheric layer from the surface 
to 10,000 feet gains a maximum of heat energy in the region off the 
New England coast in the vicinity of 48 degrees north latitude for the 
month of February. This is located in a region of net radiation deficit 
(see Baur and Phillips' data), and hence such heating must depend on 
sources other than radiation. Wexler proposes that these sources 
may be adiabatic heating from subsidence in polar air masses over 
Canada as well as heat conducted upward from the ocean surface. 
The present estimates indicate that the ocean could indeed act as such 
a heat source for the atmosphere within this region, giving up the large 
amounts of energy transported across latitudes farther south. 
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