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The ratio w,,(r)/wy,(r,) of two single scattering albedo spectrais a linear Summary
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the ratio wg,(r)/wg,(ry) of two single scattering albedo spectra is a linear
function of w,,(r), where r = effective radius.

- The slope and intercept of the linear function are wavelength
iIndependent, sum to unity and depend only onr.
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This relationship represents any single scattering albedo spectrum
L ~r=40 um| Wq,(r) via one known spectrum wg,(ry).
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" The Proof

Single scattering albedo ratio wg,(r)/wg,(ry) vs. wg,(r) for 4 wavelengths A=0.86, 1.65, 2.13 and 3.75. Droplet
effective radii r=20 & 40 ym; r,=5 ym. Droplet size distributions are gamma with effective variance v=0.1 uym.
Single scattering albedos calculated from Mie theory.

Assumptions

- Scattering efficiency factor does not vary with either wavelength or droplet size;
- kyr < 0.1 where k, is the bulk absorption coefficient (41 times ratio of imaginary
refractive index to wavelength)

Two steps of the proof
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(1) Co-albedo is proportional to droplet size (Twomey and Bohren, 1980): 1—-w,(r) = (2/3)k,r

0.85 |

0
0

0.85 |
‘ 05 oo

OA
OA

038 | 0.8 | (2) Ignoring second order term [(k,r )?]:

0:4 tucoaiass

7

‘e

0.75 Eo i 47——y.5.0.500.+.0.500x..R=1......

o (r)/o (r =5 um)

O

I 7. 3
O — Wy_—.@529+@47ng;@9999g_

OA

T

® (r)/o (r =5 um)

‘:’— -y = 0297 + 0.701x R: 0.9999 ] t '/— y =0.320 + 0.677X R: 0.9997 |

L +o(l-p)+ 1-p)+
0.3 g - | a)O/I(r) . Gsp Gs( p) Ga/l(rO) _ pa)(u(r)_l_ GS( p) Ga/l(rO)

0)0/1(7'0) GS T Gaﬂ,(r) Gs T Ga/l(r)

and K r

0.7 :. ..... ,*'——-y20232+0766x ...... Rz@ggggn 0.7 "“ """ 'v'__y:0247-{-0750)( """ ;E"U'_‘9996""":
- : : : : . 1 A : :

A . Ly = 0.202§+ 0.793x R: 0.9994 | = y =0.195 + 0.799x R: 0.9992 ]

] E E E | I 0.65 L E E E E -
0-650_5 e 07 0.8 0.9 1 C e 0.5 0.6 0.7 0.8 0.9 1

(x)m(r) CryStaI wox(r) 0.1 ..... .....

0.9 lucaa e

1 -mm‘( r

If p =1-ry/r, the second term in the above equality can be written as

o(l-p)+ock,r, (A-p)+ck,r(l-p)
o +ock,r 1 +ck,r -

1-p

Single scattering albedo ratio wg,(r)/wg,(rg) vs. Wy, (r) for 4 wavelengths A=0.86, 1.65, 2.13 and 3.75. Single oFT™15 2z 283 35 4

scattering albedos from Ping Yang database (e.g., Yang et al., 2003). Particle effective radii r=10, 20, 30 and wavelength (um)
50 ym; ry=5 um.
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Slope p as a function of effe_ctivg radius r for different ice (left) A between 0.2 ym and 4 um with 10 nm spectral resolution; r=20 uym, r,=10 um. Grey open dots
crystal habits and the approximation papprzl-rolr where r,=5 W h y ’7 correspond to wavelengths between 2.5 and 4 um while black filled dots to wavelengths between 0.2
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um. p is calculated using only three wavelengths (0.86, and 2.5 ym. The linear fit is for the black dots only. Red dots correspond to the 4 wavelengths: 0.86,
1.65, and 2.13 um) since the regression is poorer when all 1.65, 2.13 and 3.75 um . (right) wy,(r) for =20 um (grey dots) and the bulk absorption coefficient
4 wavelengths are used. (black dots) as a function of wavelength (from Fig. 2.25 of Bohren and Clothiaux, 2006).




