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Despite the central importance of the Earth energy budget for the genesis and evolution of Earth’s climate, the
adequate quantification of its components is still a major issue. While the net radiative energy fluxes in and out of
the climate system at the top of atmosphere (TOA) are now known with considerable accuracy from major satellite
programs such as CERES and SORCE, a challenge remains the accurate determination of the energy distribution
within the climate system. This applies for example for the partitioning of shortwave energy absorption between
the atmosphere and surface, and within the atmosphere between cloudy and cloud-free parts, as well as for the
longwave energy exchanges at the surface/atmosphere interface. Uncertainties in the energy balance components
at the surface have therefore traditionally been larger and less well quantified than at the TOA. This is reflected
in greatly diverging global estimates of the surface energy balance components that have been published over the
years. Accordingly, also state of the art global climate models still largely differ in their representation of these
components. Since the mid-1990s, accurate direct measurements become increasingly available from the networks
of surface radiation stations, such as the Baseline Surface Radiation Network (BSRN), which allow to better
constrain the energy fluxes at the Earth’s surface. The high temporal resolution of the BSRN observations (minute
data) further allows the construction of clear-sky reference climatologies, based on composites of cloud-free
episodes identified by clear-sky detection algorithms. These clear-sky climatologies allow a quantification of the
surface cloud radiative effect through a comparison with the corresponding all-sky climatologies. Combined with
the cloud radiative effects at the TOA inferred from satellite observations, this allows then also a characterization
of the cloud radiative effect within the atmosphere. Some of the remaining challenges in the quantification of the
Earth energy balance include the accurate determination of large-scale surface albedo estimates, and the adequate
representation of the surface skin temperatures in the estimation of the surface upward longwave radiation.
Considerable uncertainties remain also in the partitioning of the surface net radiation into the non-radiative fluxes
of sensible and latent heat, and accordingly in the consistent representation of the energy and water cycles.

Related references:

Wild, M., 2012: New Directions: A facelift for the picture of the global energy balance. Atmospheric Envi-
ronment, 55, 366-367
Wild, M., and co-authors, 2013: The global energy balance from a surface perspective. Climate Dynamics, 40,
3107-3134.
Wild, M., and co-authors, 2015:, The energy balance over land and oceans: An assessment based on direct
observations and CMIP5 climate models, Climate Dynamics, 44, 3393–3429, doi: 10.1007/s00382-014-2430-z.
Wild, M., 2017: Progress and challenges in the estimation of the Global Energy Balance. AIP Conf. Proc., 1810,
020004 (2017); doi: 10.1063/1.4975500.
Wild, M., 2017: Towards Global Estimates of the Surface Energy Budget. Curr. Clim. Change Rep, 3, 87–97. DOI
10.1007/s40641-017-0058-x
Wild, M., Hakuba, M. Z., Folini, D., Dörig-Ott, P., Schär, C. Kato, S., and Long, C.N., 2018: The cloud-free
global energy balance and inferred cloud radiative effects: an assessment based on direct observations and climate
models. Clim. Dyn., doi: 10.1007/s00382-018-4413-y


