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ABSTRACT 

The meridional energy transport in the atmosphere and ocean is computed using atmospheric 
analyses from ECMWF and NMC, and net radiative flux from ERBE. An error analysis of the 
zonally-averaged total transport shows that errors of ± 7 Wm - 2 in net flux produce transport 
errors of ± 0.5 PW at the equator, an error of ± 9 % in midlatitudes. Methods for correcting the 
mass non-conservation in transports derived from operational analyses are discussed. The 
ECMWF and NMC analysis systems now show remarkably similar zonally-averaged total 
energy transports, with normalized RMS differences of only 11 % , despite 23 % differences in 
Hadley-cell transports. The implied oceanic transport is derived along with an error estimate, 
and it is found to be broadly consistent with more direct measures of oceanic transport. The 
energy transport in NCAR's CCM 1 and CCM2 is computed and is found to be about 20 % 
larger than observations. 

1. Introduction 

Despite the fundamental role of meridional 
energy transport in determining global climate, 
estimates of its zonally-averaged magnitude, and 
especially of the partitioning between atmospheric 
and oceanic components, remain surprisingly 
uncertain. The total atmosphere plus ocean 
meridional transport is relatively well known from 
measurements of net top-of-the-atmosphere 
radiative flux. Indeed, the distribution of energy 
transport with latitude is strongly constrained 
simply by geometrical considerations, blackbody 
radiation, and the mean planetary albedo (Stone, 
1978 ). However, the partitioning of meridional 
transport between atmosphere and ocean is more 
uncertain. 

Atmospheric energy transport has been estimated 
from rawinsonde data (Oort, 1983 ), by use of 
archived global analyses from operational centers 
such as the ECMWF (Michaud and Demme, 
1991; Masuda, 1988), and from model-corrected 
rawinsonde data (Savijarvi, 1988). Direct esti­
mates of the oceanic component are even more 
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uncertain due to the lack of relevant observations. 
Perhaps the best estimate of oceanic transport at a 
single latitude is at 24 ° N by Bryden et al. ( 1991 ), 
who estimate a annual-mean northward flux of 
2.0 ± 0.42 PW. (The ± 0.42 is based on a root­
sum-of-squares of the ± 0.3 PW error estimates in 
the Atlantic and Pacific). As Bryden et al. point 
out, this is incompatible with the recent estimates 
of Carissimo et al. ( 1985) who found a total trans­
port of 5.4 PW at 24 ° N and used the Oort ( 1983) 
atmospheric transport estimate of 1.7 PW to get 
an implied oceanic transport of 3. 7 PW. 

For this study, new estimates of atmospheric 
transport were derived from ECMWF and NMC 
operational analysis products. The two data­
sets now give encouragingly similar estimates of 
seasonally and zonally averaged transports, with 
residual differences of ""' 11 % . In order to assess 
the credibility of these estimates we examine their 
consistency with ERBE measurements of net flux 
and various oceanic measurements. 

Our focus here is on estimates of zonally­
averaged transports and their uncertainty. Pre­
vious estimates of atmospheric and total transport 
have not estimated errors, which makes it difficult 
to conclude much from inter-comparisons such as 
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