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Atmospheric Optical Parameters

Transmittance :

AKV

Y, (2) =exp(—=) =exp(-[, “=dz)

7 7z

Optical thickness or Opacity:

TOA
T :j x dz

K, Is gaseous absorption coefficient
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Planck Function

General Expression:

2hc?o’
hcv

ekt _1

B,(T)=

Unit: Energy/time/area/steradian/frequency-interval

Converting to Brightness Temperature:

Temperature that the Planck Function is equal to measured
radiance at a given frequency



Planck Function in Microwave Wavelength

General Expression:

2hc?o’
hcv

ekt _1

B,(T)=

Unit: Energy/time/area/steradian/frequency-interval

. . hco
In microwave region: e <1

(Rayleigh Jeans Approximation)




What are Measured from Satellites ?

Planck Function

Brightness Temperature

This IS
measured
from
space

This IS
typically
shown
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Transmittance

T T I I T T T | T T T | T T T T T T
I ]
— i

0.8

0.6

0.4

0.2

0.0L._..
0 %2 ¥ % o8

MW Stratosphere and Mesosphere Sounding
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Transmittance
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Millimeter Wavelength Spectroscopy

W rr v WYTWYTW.. At SN

T

T

Pressure 100 hPa

—

0.8
0.6
0.4

0.2

Pressure 300 hPa |

\}

-8

0.8

0.6

0.4

0.2
0.0

\

400

Frequency (GHz)

o
O



Pressure (hPa)
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Particle Scattering Parameters

Scattering coefficient:

2 >
o Z—ZZ (2n+1)(a, " +1b, [)
n=1

Extinction coefficient:

e

=%Z 2n+1)Re(a, +b )
n=1
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Particle Scattering Parameters

Particle Scattering Phase Matrix:

R, R, 0 0

p_ Lz P P11 0 0
o, | 0 0 P33 P34
_ 0 O -P, P33_
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Radiative Transfer Equation

di(z, 1, 9)
dr

,U :—I(T,lLl,¢)+J(T,lLl,¢)+S(T,,Ll,¢,ﬂo,¢o)

3= LT[ M(e, s N a0

I(z, 1) +dI(z, 1)
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Source Term

(1)
0
S(Taﬂ9¢9ﬂoa¢o):(l_w)8 0
.0/
(M, (& £, 5,))
+a)|:o eXp(—T//,l ) M12(¢9ﬂ09¢0)
472- 7 M13(¢9ﬂ09¢0)

M _, (&, 1t,.8,) )
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Radiative Transfer Coordinate

lo = (o=40.00,2we=100.00) Is = (fs=45.00,1s=—

N 59 . 89 Zenith
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Solution to General Radiative Transfer Problem

Step 1. Fourier harmonic expansion in azimuthal direction
2N -1

(. ,8) = D [I;, (7, p)cosm(g, — §) + 1 (7, 1)sinm(g, — )]

2N-1

S(r,u.9) = D[S, (7. 11)cosm(g, — @) + S (7, 11)sinm(g, — $)]

di® (z, 1) . .
S = 15 (7 ) = S5 (7.0)
.
1 /
_ a)gf) I—l[(1+ S, IMEI1S —(1—5, YM®I°]d i
dl® (z, . .
ST 4 (o)~ ) (7,10

w

D=0, ML+ @8, )M 1 Tdu



Solution to General Radiative Transfer Problem

Step 2: Legendre Polynomial expansion in zenith angle direction

di;. (7, 4 )
p (75 44)

dr

=1, (r, 1) — 512-) _Z: Wj[(1+50m)an(T’/Ji’/“lj)lfn(z-’ﬂj)_

(L= Som )M, (7, 4, 1)1 (7, 1)1 - Q1 (7, 14)

@

di® (z, 1,
p (75 14)

T 0= S W G ) )~

(1_50m)an(T!/ui’/uj)lfn(z-l/uj)]_Qrsn(Tnui)
i— +1,...+ N.m—=20,...,(2ZN — 1)
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Solution to General Radiative Transfer Problem

Step 3: Find general and specific solution

| =exp[A(z —7,,)IC, +5,

B(T|_1) o B(T| )

z-I—l I

oF

+ zuo[/qu| + E]_1 7[0 exp(_T / :uo)\P}

S, =5 _{B(z, )=+ [A'E+(r—-17,_)E]
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Solution to General Radiative Transfer Problem

Step 4: Use boundary conditions ™
to determine coefficients

T,

1,(0)=1,

I|(T|—1) — I|_1(T|_1) Ti-1
T;

| (r,)=B(T.)+RI (z,)

F _
+ Ro;exp(—rL [ 1,)E -

Ty
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Pl (.ua @5, .u'fa d);)a 7551

P? (j_l., QEB, !u‘f: ‘f,bj), w2

Pil(u, gt ¢'),

IO(T(): o QS)
Il(Tla o Q‘))
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Emission-Based Approximation

di(z, 1)
dr

H = 1(z, 1) - B(7)

(79, 1) = (7, ) eXp(—7,/ 1) +

1 ' r (7 r—1
I, rs(ﬂ,u)dﬂLO B(r,T) expl v L

(7,~ 7)
u

[ B(z.T)exp[- 1dz/ 1



Emission-Based Approximation (cont.)

T, =T exp(—z,/ @) +T, +1—&)T, exp(-z, / u)

T, =] B(z.T)exp(- (z ;TO))dz-/,u

T, =J'T° B(z,T)exp( (z, _T))dr/,u
Tq /Ll

T =T[M-A-&)Y*]-ATQA-)[1+@Q-&)Y]




Emission-Based Approximation (cont.)

T, =l exp(—z,/ u)+T,+A—&)T, exp(—z, / 1)

——
2
A
Surface Atmospheric
Emission upwelling
attenuated by radiation

atmosphere



Brightness Temperature vs. Atmospheric and
Surface Variables
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Scattering Model Using Two-Stream Approximation

dlﬁw(z-mui)
dz

a)iz') i Wj[(1+50m)an(T’/ui’/uj)l(r:n(z-;,uj)—

(L= Som )M, (7, 4, 1)1 (7, 1)1 - Q1 (7, 14)

H =17 (7, 1) —

If we only considerm=0, N=1, thus J=-1, 1 (two streams)

22 g”‘) ~[1- 01— b)]I (7, 1) — bl (r,—12) — (L- ) B
T

L (Q’T‘“) — [ w@—b)]I (7, — 1) — bl (7, 1) — (1 — ) B




Scattering Model using Two-Stream Approximation
(cont.)

For a single layer of scattering medium:

I(T ) I [7/1 (r—11) ?/2 —k(r— rl)] I [ﬂg K‘(Z’ 7o) ﬂ4 —k(r— 2'0)]
,,Ll u 1812/4 —x(7-79) ﬂ2y3 K(Tl 79)

' k(t-1,) —-k(7-71 (r—17,) (r—1,)
L lye -y 1] I[:Be : :Be "] +B
k(t,—7,) k(r,—7,)
1817/4 170 1827/3 17

|(T,—,Ll) —

b: a ratio of backward scattering to the total scattering intensity

o : single scattering albedo
K: eigenvalue and a function of b and ®

B: Planck function
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sSummary

At microwave region, radiance is a linear function of brightness
temperature, and radiance and brightness temperature are inter-changable
In radiative transfer equation.

Absorption lines in Lorenz shapes from O2 at 50-60 GHz and H20 at 183
GHz provide sounding capability.

Radiative transfer equation is an integral and differential equation, and in
general, radiance solution can be solved numerically for a vertically
stratified emission and scattering atmosphere.

In a scattering-free atmosphere, the solution of radiance can be expressed
In an analytic form, i.e., the so-called emission-based approach.

In a scattering condition, the radiance can be expressed analytically using
a two-stream approximation.
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