
se ScienceDirect

Atmospheric Environment 55 (2012) 366–367
Contents lists available at SciVer
Atmospheric Environment

journal homepage: www.elsevier .com/locate/atmosenv
New Directions: A facelift for the picture of the global energy balance
Earth’s climate is largely regulated by the global energy balance,
which considers the energy flows within the climate system and
their exchanges with outer space. Anthropogenic climate change,
from a physical point of view, is first of all a perturbation of this
energy balance, through a modification of the energy flows in the
polluted atmosphere. Iconic pictures illustrating the main energy
flows in the global climate system, such as shown in Fig. 1 taken
from the last IPCC assessment report (IPCC, 2007), are prominently
featured in many publications and textbooks. If you have come
across this sort of pictures repeatedly, as an attentive reader you
may have noted that the actual numbers attached to the energy
flows thereon can vary considerably. This perception points to
a major uncertainty in our understanding of the climate system,
inherent in the quantification of some of these fundamental energy
flows.

While the flows in and out of the climate system at the top of
atmosphere are now well determined form highly advanced
space-born observation systems (Anderson and Cahalan, 2005;
Loeb et al., 2009), much less is known about the energy flowswithin
the climate system, which are not directly measurable from satel-
lites. Uncertainties in the energy flows at the surface and in the
atmosphere are thus generally larger than at the top of atmosphere,
and therefore subject to greater debates. In this respect, it has long
Fig. 1. Fundamental energy flows in the climate system as presented in the 3rd and 4th IPCC
Major adjustments in the surface energy flows that may become necessary to comply with
supported by observational evidence. Other minor adjustments in blue. The higher therma
latent heat flux (the energy equivalent of evapotranspiration) and a lower absorption of so
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been argued that the atmospheric emission of thermal radiation
back to the Earth’s surface is too low in many published estimates,
including those calculated in climate models (Garratt and Prata,
1996; Wild et al., 1995, 1998). This flow (also known in short as
(thermal) back-radiation) is central to the climate change discus-
sion, as it immediately responds to enhanced greenhouse-gas
concentrations, and thus states the greenhouse effect experienced
at the Earth’s surface (outermost right flow in Fig. 1). Comparisons
with surface observations indicate that these estimates, typically
around 330 Wm�2 globally, may be too low by 10–20 Wm�2. This
also applies to the estimate of 324 Wm�2 in Fig. 1 published in
the 3rd and 4th IPCC assessment reports (based on Kiehl and
Trenberth, 1997). The debate on the magnitude of the back-
radiation is currently stirred up again, as emerging studies based
on novel space-born active-sounding measurements now indepen-
dently advocate a higher value (around 345–350 Wm�2) (Kato
et al., 2011; Stephens et al., submitted for publication, in press).
These studies newly incorporate radar/lidar-derived cloud profiles
and associated cloud-base heights, which are critical for an accurate
determination of the back-radiation.

What are the consequences of such high back-radiation? Higher
back-radiation signifies that more radiative energy becomes avail-
able at the surface to drive the evaporative flux, which globally
reports. Numbers indicate magnitudes of these flows in Wm�2. Original values in black.
current state of knowledge in red. Values in parentheses denote the range of estimates
l emission from the atmosphere back to the surface is compensated here by a higher
lar radiation at the Earth’s surface.
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equals precipitation. Therefore a higher back-radiation, everything
else unchanged, would imply more evaporation, precipitation, and
thus a more intense water cycle. On these grounds, it has been
argued that such high values of back-radiation are implausible, as
they would lead to excessive evaporation/precipitation compared
to available observational references (Trenberth et al., 2009).

How can we reconcile this apparent contradiction in our under-
standing of the global energy balance? Is the advocated higher
back-radiation unrealistic? Or are current estimates of evapora-
tion/precipitation fluxes (or their energy equivalent, the latent
heat flux as shown in Fig. 1) too low? In other words, how can we
redistribute the proposed additional 20 Wm�2 back-radiation
amongst the other surface fluxes in Fig. 1, without conflicting exist-
ing observational constraints?

Uncertainties in current global precipitation estimates leave
some room for upward adjustment, particularly due to indications
for underestimations in the remote sensing based precipitation
estimates (Kummerow, 2011; Stephens et al., submitted for
publication). However, an augmentation of more than 10% seems
not negotiable, corresponding to an energy flux equivalent of
10 Wm�2 at most (Kummerow, 2011). Therefore, revised higher
precipitation/latent heat flux estimates may be able to accommo-
date up to about half of the additional 20Wm�2 from the enhanced
back-radiation in Fig. 1.

What about the remaining 10 Wm�2 which are still excessive to
close the surface energy balance? One possibleway to reach closure
is to reduce the amount of solar radiation absorbed at the Earth’s
surface, in order to compensate for the higher back-radiation.
Here I argue that such a lower solar flux would not necessarily
violate observational evidence. Indeed, comparisons with available
surface observations suggest that many climate models and other
estimates overestimate the absorbed solar radiation at the surface.
Climate models with values of 168 Wm�2 and up (as in Fig. 1) are
generally less consistent with surface observations than estimates
close to 160 Wm�2 (Wild, 2008; Wild et al., 1998; Trenberth
et al., 2009). The high estimates of surface solar radiation typically
found in climate models often relate to overly transparent atmo-
spheres, caused mainly by underestimated water vapor or aerosol
absorption (Wild et al., 1998; Kim and Ramanathan, 2008;
Trenberth et al., 2009).

Therefore the apparent paradox in the closure of the surface
energy balance, given an enhanced back-radiation, might be recon-
ciled by increasing the precipitation/evaporation on one hand and
reducing the surface solar radiation on the other hand without
violating observational constraints. This is illustrated by the red
numbers in Fig. 1. Values in parentheses denote the range of esti-
mates in line with observational evidence. These ranges remain
considerable and highlight the necessity for focused research to
narrow down these uncertainties.

The global energy balance as presented in the 4th IPCC report
will need some further adjustments in a number of other compo-
nents, indicated by the blue values in Fig. 1, (based on Anderson
and Cahalan, 2005; Loeb et al., 2009; Stephens et al., submitted
for publication; Trenberth et al., 2009; Wild, 2008), which are,
however, generally smaller than the ones discussed above.

To conclude, as outlined above, the iconic picture of the global
energy balance may need a substantial facelift. The restoration of
this picture calls for major research efforts to better constrain
some of the most fundamental processes in the Earth’s climate
system and their uncertainties, by taking advantage of the unprec-
edented wealth of high accuracymeasurements now available from
both space and surface. These efforts, together with a long-term
commitment for continuous monitoring of these fluxes, form the
basis for progress in our understanding of the genesis and evolution
of climate on Earth.
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