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ABSTRACT

Recent measurements of the earth’s radiation budget from satellites, together with extensive atmospheric
energy transport summaries based on rawinsonde data, allow a new estimate of the required poleward energy
transport by Northern Hemisphere oceans for the mean annual case. In the region of maximum net north-
ward energy transport (30-35N), the oceans transport 479, of the required energy (1.7 X102 cal year™). At
20N, the peak ocean transport accounts for 749, at that latitude; for the region 0-70N the ocean contribution
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averages 40%.

1. Introduction

Poleward energy transport by ocean currents plays
an important role in climate on earth and has been a
subject of study for many years. Bryan (1962) provides
a synopsis of the estimates based on surface heat budget
studies (Budyko, 1958; Albrecht, 1960; Sverdrup,
1957). In addition, he demonstrates a method for
oceanic transport calculations based on hydrographic
data as an extension of earlier work by Jung (1952).
The inadequacies of the former method are shown by
Bryan to result primarily from the fact that the trans-
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where
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dFE/dt=AT+OT+RF+HF, (1)

rate of change with time of the total energy in
a polar cap north of latitude ¢ (°N). The
important components of the total energy
are the internal energy, potential energy,
latent heat, and kinetic energy of the atmo-
sphere, ocean and cryosphere (snow and ice)
contained in the polar cap.

port is calculated as a small residual of two large AT atmospheric energy flux into polar cap across
quantities, the net radiation gain of the ocean surface latitude ¢ (°N) (area S1)
and the net energy loss (to the atmosphere) due to
latent and sensible heat exchange. Unfortunately, global ,
availability of hydrographic data is probably not yet =/ /p(cuT—f—gz-l—Lq—{—c-/Z—{-p/p)vdxdz
extensive enough to use the second technique for global St
ocean transport estimates; an additional difficulty is T oceanic energy flux into polar cap across lati-
the ambiguity in the choice of reference level. tude ¢(°N) (area S2)

The present study uses a third, indirect approach
based entirely upon measurements. Satellite data on the
net radiation budget of the earth-atmosphere system = / / pley' THga+c?/2+p/p)vdudz
(Vonder Haar and Suomi, 1971) are now available over 52
suiﬁc.i ent j[ime periods (data from th‘? years 1962-70 are RF net radiational flux into polar cap at top of the
used in this study) to allow a firm estimate of the “mean

) atmosphere (area S3)
annual” energy exchange between earth and space. In
addition, rawinsonde data from the MIT General
Circulation Library for the 5-year period May 1958 = / / Qdxdy
through April 1963 give a matching data set for which s3
Oort (1971) has calculated the energy transport in the . _
HF energy flux into polar cap at the surface of the

atmosphere.

2. Method of calculation

The energy balance for a polar cap north of a certain
latitude ¢ (°N) can be written in the form (compare

169

solid earth (area S4)
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