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ABSTRACT

The poleward energy transports in the atmosphere-ocean system are estimated for the annual mean and
the four seasons based on satellite measurements of the net radiation balance at the top of the atmosphere,
atmospheric transport data, and atmospheric and oceanic storage data. To eliminate the occurrence of
spurifous nonzero transports of energy at the north or south poles various types of corrections had to be
made, so that the global balances are maintained. This also enabled us to estimate the uncertainties in the
procedures used. The uncertainties found are similar to those reported by Hastenrath based on different
satellite data sets but using the same correction method.

Finally, oceanic heat transports are computed for the annual mean and seasons. One of the crucial terms
in the heat budget, the interseasonal storage of energy in the oceans, is estimated for three different layers,
0-112, 0~275 and 0-~550 m, enabling a further error estimate in the inferred oceanic heat transports.

The present results confirm the presence of a strong annual cycle in the transport of energy by the oceans.

1. Introduction

Satellite measurements of the radiation flux have
made possible global estimates of the energy budget
for the earth. These estimates show latitudinal varia-
tions requiring large energy transports by the atmo-
sphere-ocean system.

The energy budget for a unit-width latitude band
that includes both the atmosphere and oceans can be
written as

Sa + So = Fra — (T + To)/adh, 4))

where S, = 0E,/0t is the rate of storage of energy in
the atmospheric part of the band, So = dE/dt the
rate of storage in the oceanic part, Fp, the net
downward flux of radiation at the top of the atmo-
sphere, T, and T, the transports of energy across a
latitudinal wall in the atmosphere and oceans, re-
spectively, a the mean radius of the earth, and 4 the
latitude. In Eq. (1) we have neglected the storage of
energy in the land, snow and ice (see Oort and
Vonder Haar, 1976, for further discussion). Integration
of (1) over a polar cap (see Fig. 1) yields

Ta() + To(0) = —(Fra) + {(Sa) + (So), (2)
where {( ) = [7? ( )adb'.
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The primary purpose of this paper is to present
the results for transports T, and T for the year and
the four seasons. Qur calculations are based on
radiation data from Campbell and Vonder Haar
(1980), atmospheric energy storage and flux data
from Oort and Peixoto (1983) and Oort (1983), and
oceanic heat storage data from Levitus (1982, 1984).

The presently used values are improved over those
used by Oort and Vonder Haar (1976) by including
more recent measurements and better analysis tech-
niques. For example, in the radiation sample two
years of Nimbus 6 data were added and some earlier
months with incomplete satellite coverage were de-
leted. A total of 48 months of satellite data are
contained in the present data set. The radiation data
were taken from polar orbiting, sun-synchronous
satellites which may be affected by a diurnal sampling
bias. Campbell and Vonder Haar (1980) made an
extensive error analysis. They concluded that for the
satellite measurements the present sampling was ad-
equate to determine the relative magnitude of an
average beyond a month but that large systematic
errors were still possible because of the lack of
absolute calibration of the instruments. Their error
estimates for net radiation combined the errors esti-
mates for infrared radiation and planetary albedo
measurements in ten-degree latitude zones for each






