L ecture 23
Review for mid-term exam 2: Solar radiative transfer processes

Topicsto review:

» Concepts of scattering, polarization, scattering phase function and Stoke
parameters (Lecture 13). Qualitative understanding of Eqs.[13.6]; [13.8]; [13.11]

Recall that
| ~ g [13.2]

The dectric vector E may be decomposed into the pardlel E; and perpendicular E;

componentsas
E, =a exp(-id,)exp(-ikz +ivt) [13.24]
E, =a exp(-id,)exp(-ikz +ivt) [13.20]

where g and a; are the positive amplitude of the pardle E; and perpendicular E;
components, respectively; d; and d; are the positive phases of the pardle E; and
perpendicular E; components, respectively; k is the propagation (or wave) constant, k =
2p/l w isthecircular frequency, w = ke=2p c/l

Stokes parameters: so-cdled intengty |, the degree of polarization Q, the plane of
polarization U, and the dlipticity V of the eectromagnetic wave.

| = E,E, + E E] | =a’+a’
Q=EE - EE  [136 Q=a’-a  [138
U =E|E:+ErE|* U = 2a,a, cos( d)

:-i(E,E:- ErEI*) V =2a,a,sn( d)

The degree of linear polarization LP of alight beam isdefined (neglecting U and V) as
II = Il’

rP=-=-=--—"-
|2 L [13.10]



» Rayleigh (molecular) scattering (Lecture 13: Eqs[13.12]; [13.13]; [13.15]; [13.16])

Rayleigh scattering: x=2pr/l <<1, misarhitrary (gppliesto scattering by molecules and
smdl particles)

Mie-Debye scattering: x=2pr/l and m are both arbitrary but for spheres only (appliesto
scattering by aerosol and cloud particles)

Rayleigh scattering:
|, =l k%a?/r?

|, = l,ka?cos’(Q)/r?

thus

L4 2
| =1, +1, =104 28R 0 1 C0S(Q)

22 e > [13.12]

Rayleigh scattering phase function for incident unpolarized radiation
P(cos( Q)) = %(1+ cos 2(Q)) [13.13]

and asymmetry factor g=0 or Rayleigh scaitering.

NOTE: General definition: the phase function P(cosQ) is defined as a non-dimensond
parameter to describe the angular distribution of the scattered radiation as

4\% OP(cosQ)dWw =1 [13.11]

where Q is called the scattering angle between the direction of incidence and
observation ( cos(Q) = cos(q')cos(q) + sin(g’)sin(q) cos(f '-f))

Eq.[13.12] may be re-written as

(cosiQ) =185, 212

1 [13.15]




Opticd depth of Rayleigh scattering of an amospheric layer between Z1 and Z2:

t()=s.( )Zéj\l(z)dz
4

» Single-scattering and absor ption by aerosol and cloud particles (Lectures 14-15):
Outline of Mie theory. Concepts of extinction, absorption and scattering efficiencies
of anindividuad paticle.
Optica properties of the ensemble of particles (i.e,, particles of various szes and
compositions)
Parameterizations of the optica properties of cloud droplets (Eqs[15.1]-[15.4])
Basic principles of measurements of light scattering and absorption by particul ates.
Mesasurements of optica depth.

Assumptionsin Mie theory

i) Paticeisasphere of radius a;

i) Particle is characterized by asinglerefractive index m=m; - im; a agiven

wavelength;

NOTE: seethe dtrategy to compute optics usng Mie theory in Lecturel5

Mie theory gives the extinction, scattering and absorption cross-sections (and
efficiencies) and the scattering phase matrix of a single spherical particle with a size
parameter x = 2pr/l

If the particles characterized by a size digtribution N(r), the extinction, scattering and
absorption coefficients (in units LENGTH™) are calculated as

b. = g5 (ON()r b, = 5 J(IN(T)C, b, = ¢, (IN(r)elr

b

—_ S

The single scattering albedo if defiredasY o = b [14.12]
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Water drops
The effectiveradius is defined as

_ QproN(rdr
e = Qpr2N(r)dr [15.1]
The extinction coefficient (for large drops when Q. = 2)
3 LWC
b, » P [15.3]
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» Conceptsof diffuse and direct solar radiation in the atmosphere (Lecture 17)
Attenuation of the direct solar radiation (Egs. .[17.1]-[17.2])
Diffuse radiation. Concept of multiple scattering. Source function for diffuse solar
radiation. (Eq.[17.3]). Generd form of the radiative transfer equation for the diffuse
radiation (Eq.[17.4]).

Direct solar radiation isapart of solar radiation filed that has survived the extinction
passing alayer with optica depth t * and it obeys the Beer-Bouguer-Lambert (extinction)

law: Fq, = mpF,exp( -t /m,) [17.2]

where F 4, , Foandt* arethe functions of wavelength.

The sour ce function for diffuse solar radiation may be written as two components

2p1

) \' A v . . <
J(t, mj )=ﬁod(t,m,1 )P(mj ,mi,j dmidj '+
o [17.3]

+\;PTOpFOP(m,J. - M) o) exp(-t /my)

where the wy isthe sSingle scattering abedo and P is the scattering phase function.



Using the source function for scattering, we can write the radiative transfer equation
for thediffuse radiation as

dit W
n&W _, ¢, W- -2 ¢ ¢, WHP(W W) dW- —pF P(W-W,)exp(t /my)
ot 4|0 4
[17.4]
» Methodsfor solving radiative transfer equation with multiple scattering and
absor ption:
Approximate methods:
) Single scattering approximations (Lecture 17)
i) Two-stream approximations (Lecture 18 and Homework 3)

i) Eddington and Ddta- Eddington gpproximeations (Lecture 18 and
Homework 3)

“Exact” methods:

i) Discrete-ordinate technique (L ecture 20)
i) Adding-doubling technique (L ecture 21)
i) Monte-Carlo technique (Lecture 22)

Single scattering appr oximations: the sour ce function is

I, mj ):Zp—proP(mj - My o) exp(-t /m)

the solutionsfor reflected and transmitted diffuse intensities

PN VAN | N oS 1 1 QU
I/ (O;mj ) = ———=—2-P(mj ,- m,, )él xph-ty(+ )
| 4(m+my) ol o é m’ &
[17.9]

and for misNOT equded to my
_ vV mF, . & ®t,0 ®et,
(- mj ) =—2 P(-mj ,-myj o)@expg- — - eXpl — 1
4(m- m,) JEPE my TP m
[17.10a]

and for ntemy
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NOTE: For the single scaitering gpproximation, the diffuse intengties are directly

- . v t.F . . 6 >t
I (t-mj ) =—22P(-mj - My o)geng- Eﬁ

am, [17.10b]

proportiond to the phase function.

» Concepts of thereflection and transmission of an atmospheric layer
(Lecture 18: Egs[18.1]-[18.9])
Concepts of the reflection function, planetary reflectivity and globa abedo

Concepts of the diffuse transmission function, transmission and globd transmission.

> Reflection from the surface (Lecture 19: Egs.[19.1]-[19.2])
Concept of the Lambert surface



