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Discrete-Ordinates Method
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IMAGINARY PART OF REFRACTIVE INDEX
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Imaginary part of the
refractive indexes of
some aerosol materials

Note: Main absorbing
species in the SW are
black carbon (Soot) and
Hematite (dust)
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Aerosol Mixture ‘
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Internal mixing in soot agaregates O O

"',_ -1 . {:}
» Internal mixing
Open soot cluster Closed soot cluster . .
each particle consists of
a mixture of chemical
components

Martins et al., JGR, 1908
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~ The scattering phase function P(cos®) 1s defined as a non-dimensional
parameter to describe the angular distribution of the scattered radiation as

L P(cos 0)dC) =1 [1

4 2

where © 1s called the scattering angle between the direction of incidence and

observation.
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Phase tunction
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Scattering angle

Figure 14.5 Examples of scattering phase functions calculated with Mie theory for

several size parameter for nonabsorbing spheres (more in Lab 7).
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Tropical conditions with varying solar zenith angle
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Absorbing
aerosols

Direct effect

(-

Scattering
aerosols

Solar radiation absorbed
(Warming)

e.g. Black carbon, mineral dust

Solar radiation scattered
to space (Cooling)

e.g. Sulphates, nitrates, organics

Most aerosols both absorb and scatter!
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K Fraction reflected upward

r=(l-eHwf

Fraction absorbed = (| -®w)(1-¢ ¥

Fraction scattered downward
=0(1-B)(1-e1

Fraction transmitted = ¢~ 1

BENE: (- g)(1-e)



FT
A

-_ﬁ B35 I AL

0

, / FRST 2R T e T ,,,,,,
Y

; l, tRs Y trRS\ trRy’ ‘ trZRSZ\ PR 1 ......

Surface

F'=(r+'R +rR’ +£'r°R} +---)F,



B FEe3R AL

F'

t*R

1-rR,

SZJ%:—_JiH_j, H E,Jlb\}iﬁzl-%:
Ras —
LSRR STRETL

ARp =R_—R :(r+

r+t2R +¢ rR 2 +t2r2RS3

r+t’R, (1 +rR +7’R>+7r°R’

_|_...)E)

r+ — |F, (r<1; R <1)

F' *R.
=|r+
F, | 1-rR
t’R
S _RS
l—rRS]




-_ﬁ B3 2R

j(’fu\ =RV EMER

Atmosphere /

Cloud Fraction: A.

FO(’I 'AC)

Surface

AF = FAR = F,(1-4,)T;
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42513818 (Radiative Forcing)  _ 2 )
(F'=F")==AF =—F,(1- 4,)T; £r+ Al ]—RS
I 1-rR, )
r:a)ﬂ(l—e_f); t:e_7+a)(1—,8)(1—e_r)
ALPSEaE

F,: incident solar flux (W-m-)
A_: fraction of the surface covered by clouds
T,: fractional transmittance of the atmosphere

R.: albedo of the underlying Earth surface

w: single-scattering albedo of the aerosol
B: upscatter fraction of the aerosol
7. aerosol optical depth
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Atmospheric radiative transfer codes

http://en.wikipedia.org/wiki/Atmospheric_radiative transfer_ codes

Atmospheric radiation transfer for PV
applications

http://www.appropedia.org/Atmospheric_radiation_transfer_for_PV_applications

[EF %]

http://172.16.21.121/faculty/ jyang/classes/atmosrad/topics.htm
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DISORT. SBDART
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LBLRTM
LinePak

MODTRAN
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libRadtran 15711571
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