o ASR Spectrally-invariant approximations
within atmospheric radiative transfer

System Research
Alexander Marshak!, Yuri Knyazikhin?, Christine Chiu’, Warren Wiscombe!-*

INASA/Goddard Space Flight Center ~ “Boston University SUniversity of Reading  ?Brookhaven National Laboratory

Certain algebraic combinations of single-scattering albedo and solar radiation Summary
reflected from, or transmitted through, clouds do not vary with wavelength
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T4, is the fraction of photons which reach the surface without “&;;\\p(g) ‘?f:g\ Q) °~°'\‘o;\ o(Q) g NG MISsing spectral data
interacting. A fraction, i,=1-T,, interacts with a cloudy atmosphere. | ‘°@ X > o : e
With probability w,, these photons are scattered and then either O‘reco//,s,on O‘,ecou,s,on 'o"lT Testlng 3D radiative transfer codes
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direction Q (with probability R(Q)= p(Q)iy). N SBDART simulations confirm spectral invariance in cloudy atmospheres

Spectral scattering properties of cloudy atmospheres are fully determined by spectrally

Under what conditions is Eq. (*) valid?
q- ) variable single scattering albedo m,, and spectrally invariant recollision probability p

The extinction coefficient and the scattering phase function are

wavelength independent! W, = 1-A,= R,+T,
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Is it true in real cloudy atmospheres? R, is spectral reflectance; T, is spectral diffuse transmittance; A, is spectral absorption
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Cloudy atmospheres: spectral variability of the extinction and scattering
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Spectra of total optical depth of a cloudy atmosphere and its constituents, air molecules, cloud droplets, aerosol particles and Wy, > 0.8 are plotted.
gases. AOD=0.2. Left Panel: Spectra for COD=0.5, 3 and 10. Right Panel: Zoom of spectra for COD=0.5.
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* For wavelengths between 0.7 and 2.5 um COD=10, r,=16 pm, AOD=0.2.



