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Abstract. The infrared bands of chlorofluorocarbons and

NASA Langley Research Center, Hampton ,VA 

f f f
chlorocarbons enhance the atmospheric greenhouse effect. This
enhancement may lead to an appreciable increase in the global surface
temperature if the atmospheric concentrations of these compounds reach
values of the order of 2 parts per billion.f f p p



PART-A: Determination of ForcingPART A: Determination of Forcing

I. Cloud-Radiative Forcing

II. Atmospheric Greenhouse Effect

III. Atmospheric Solar Absorption
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Atmospheric Greenhouse Effect ( No Clouds)
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Resolution of the Basic TOA Forcing Terms
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Source:  Ramanathan, 1998



Solar Absorption: Anomalies in the Warm Pool

CESS (1995) Found Similar anomalies Globally



volution of the understanding of the atmospheric absorption in the global energy budget 
(in Wm-2)

Source:  Ohmura and Gilgen, 1993; Cess et al. 1995; Pilewskie and Valero, 1995; Ramanathan et al., 1995
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Direct observations of Aerosol Direct  Forcing: CERES on TRMM Over 
Maldives INDOEX Results
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PART-B: Estimation of Feedback from ERBE Data



The Water Vapor Feedback
Temp dependence of
Saturation vapor
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Comparison of Ga and sea surface temperature

Source:  Ramanathan, 1998







Unit: Wm-2K-1
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The planet gives off 1.9 Wm-2 per degree C increase in Temperature
Inamdar and Ramanathan 1998



Sea Ice-Albedo Feedback
Pistone and Ramanathan, 2011











Some Outstanding Issues That Can be Looked at with CERES Data

The Water Vapor Continuum : Feedback

Spatial Structure of Clouds and Their AlbedosSpatial Structure of Clouds and Their Albedos

Planetary Albedo: Development of a Theory



Zonal Distribution of Atm. Greenhouse Effect 
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Bring In Spatial Structure of Clouds
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