
below. Uncertainties are discussed in Trenberth et al. (2009) and are mostly not dealt with
here, except to highlight some sources of discrepancy with other studies.

In Fig. 1, use has been made of conservation of energy and the assumption that, on a
time scale of years, the change in heat storage within the atmosphere is very small.
Accordingly, the net radiation at TOA RT is the sum of the ASR minus the OLR:
RT = ASR - OLR. In turn, the ASR is the difference between the incoming solar radi-
ation and the reflected solar radiation. At the surface, the ASR has to be offset by the
sensible heat and latent heat fluxes plus the net longwave radiation. The latter is made up of
two large terms: the emitted radiation from the surface and the downwelling longwave
radiation coming back from the atmosphere. Both at the surface and TOA the imbalance is
the same and, as noted above, is estimated to be 0.9 W m-2.

Updates in Trenberth et al. (2009) included revised absorption in the atmosphere by
water vapor and aerosols, since Kim and Ramanathan (2008) found that updated spec-
troscopic parameters and continuum absorption for water vapor increased the absorption by
4–6 W m-2. The sensible heat has values of 17, 27, and 12 W m-2 for the globe, land, and
ocean (just over 70% of the Earth), and, even with uncertainties of 10%, the errors are only
order 2 W m-2. There is widespread agreement that the global mean surface upward
longwave (LW) radiation is about 396 W m-2, which is dependent on the skin temperature
and surface emissivity (Zhang et al. 2006).

Global precipitation should equal global evaporation for a long-term average, and
estimates are likely more reliable of the former. However, there is considerable uncertainty
in precipitation over both the oceans and land (Trenberth et al. 2007b; Schlosser and
Houser 2007). The latter is mainly due to wind effects, undercatch, and sampling, while the

Fig. 1 The global annual mean earth’s energy budget for 2000–2005 (W m-2). The broad arrows indicate
the schematic flow of energy in proportion to their importance. Adapted from Trenberth et al. (2009) with
changes noted in the text
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