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The NASA’s Clouds and the Earth’s Radiant Energy System (CERES) project provides earth radiation budget data products. Top-of-atmosphere irradiances are derived from broadband radiance
observations [1]. Surface and in-atmosphere irradiances are derived using a radiative model [2].
In order to understand radiation budget at a global scale, surface and in-atmosphere irradiances
need to be estimated with a radiative transfer model.
Shortwave (solar) and longwave (emitted by the earth) irradiances are computed separately.
The atmosphere is divided into ~50 vertical layers. Spectral region is separated into smaller spectral regions and absorptions by water vapor, ozone, carbon dioxide, and other trace gases are
treated with the correlated-k approximation. Scattering by air molecules, aerosols and clouds are
treated by two- and four-stream approximations applied to the integro-differential equation of radiative transfer. It is assumed that aerosol and cloud particles scatter radiation incoherently. Polarization state is ignored. Most inputs to the radiative transfer model come from observations, including temperature, humidity profiles, cloud and aerosol properties. Specifically, cloud and aerosol properties used in the computations are derived from satellite observations of radiances measured at discrete wavelengths.
Despite many approximations and assumptions made in the algorithm, computed surface irradiances agree to within the uncertainty of surface irradiance observations taken at 36 land sites and
46 ocean buoys distributed globally when top-of-atmosphere irradiances are constrained by irradiances derived from broadband radiance measurements by CERES instruments.
In this talk we summarize the method to compute surface and in-atmosphere irradiances, and
how these irradiance estimates contribute to the understanding of the energy budget of the Earth
and energy transport and hydrological cycle within the system.
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