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Nearly all observation-based estimates of global aerosol radiative forcing have been limited by satellite aerosol
retrievals restricted to clear-sky conditions. Assumptions or model estimates are then required to extend the
clear-sky forcing estimate to all-sky conditions. In addition to aerosol optical depth, the cloudy-sky forcing
depends on the aerosol absorption, the cloud albedo, and the relative vertical distribution of aerosol and cloud.
The last of these represents a major uncertainty in model estimates of aerosol forcing, as the aerosol vertical
distribution is poorly constrained and there is a large diversity between models. These uncertainties can be reduced
using observations from the CALIOP lidar, on the CALIPSO satellite, which retrieves the vertical distribution of
aerosol extinction in both clear and cloudy skies. A 5-year climatology is now available in the recently released
CALIOP Level 3 aerosol profile product.

We have performed estimates of the direct radiative effect (DRE) of the total aerosol (natural plus anthro-
pogenic) making use of the CERES-MODIS-CALIPSO-CloudSat (C3M) product. C3M contains TOA irradiances
and profiles of SW and LW irradiance computed from instantaneous, collocated MODIS aerosol/cloud data
and profiles from CALIPSO and CloudSat, all matched to CERES footprints. Aerosol extinction profiles
in both clear and cloudy skies come from CALIOP. Aerosol absorption, which is not retrieved by either
CALIOP or MODIS, is estimated using a combination of aerosol type information from CALIOP and the MATCH
global aerosol model. Fluxes are derived from the irradiances and used to estimate annual and seasonal mean DRE.

Regional-mean clear-sky and all-sky SW TOA DRE is generally found to have the same sign, although all-
sky TOA DRE tends to be smaller than clear-sky in absolute magnitude. Clear-sky and all-sky surface downward
SW DRE are found to be similar, however. The reduced cooling effect of absorbing aerosol in cloudy skies
significantly offsets the clear-sky aerosol cooling in several regions: south and east Asia, the Gulf of Guinea,
and the subtropical Atlantic, due primarily to aerosol absorption by pollution, smoke from biomass burning, and
Sahara dust, respectively. The largest uncertainty in these estimates of DRE comes from uncertainty in aerosol
absorption, and further work is necessary to reduce uncertainties in aerosol single scatter albedo. Details of the
approach will be presented, along with a discussion of results and uncertainties.
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