
6. Radiative Transfer in Optically
 Thick Atmospheres

Gaussian Quadrature
Optimum discrete quadrature for spherical harmonic 
functions 

Assume only two streams in m-axis. Asymmetry factor 
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Flux integration in the two stream approximation

dμμ
0

1

d
0

2

f (μ, ) 2 f (μ), dμμ
0

1

d
0

2

L(±μ, ) 2 μL(±μ) = F±

dμμ
0

1

d
0

2

dμ
1

1

d
0

2 1

4
{1+ 3g[±μμ + 1 μ2 1 μ 2 cos( )]}L( ,μ , )

= dμμ
0

1

dμ
1

1 1

2
(1± 3gμμ )2 L( ,μ ) =

1

2
(1± 3gμ2 )F+ ( ) +

1

2
(1 3gμ2 )F ( )

±μ
dL( ,±μ, )

d
= L( ,±μ, )

+ dμ d
0

2

1

1 1

4
{1+ 3g[±μμ + 1 μ2 1 μ 2 cos( )]}L( ,μ , ) + (1 )B(T )

dμμ
0

1

d
0

2

B(T ) = B(T )

+
dF+

dx
= F+

+ ( +F+
+ F ) + (1 ) B(T )

dF

dx
= F + ( F+

+
+F ) + (1 ) B(T )

±
=
1± 3gμ2

2
=
1± g

2
, cf . ± (μ0 ) = dμ

0

1

d
0

2

P(cos ± ) =
1

2
(1±

3

2
gμ0 )

= F+ (x) + F (x), = F+ (x) F (x)

d (x)

dx
= (1 )[ (x) + 2 B],

d (x)

dx
= (1 g) (x)

Flux transfer equation in the two stream approximation

Up and down scatter coefficients
Total flux and net flux
No flux convergence if =1: Constant net flux
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Non absorbing atmosphere
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from transmission or reflection measurements.
Cloud is bright to the human’s eyes!

General solution and Boundary condition
Diffusion exponent and similarity parameter

Absorbing atmosphere
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Ground surface becomes very dark in 
near-IR region if we have clouds. 
Cloud reflectivity saturates rapidly 
with increasing cloud optical 
thickness.



Similarity parameter of cloud particles
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Solar reflection method for retrieving cloud 
optical properties



Ship trail clouds

Change in convective cloud properties

Rosenfeld (1999)



Large/small particulate distribution

Nakajima et al. (GRL 2001, p1171)

Higurashi 2ch method

Kawamoto reflection method



Correlation between re and c
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Interpretation with model 

Effect of CCN addition on correlation pattern
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Satellite Obs. 
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Suzuki et al. (2006) 



International Satellite Cloud Climatology Project
(ISCCP)

4 geostational satellites and 2 polar orbiters
Cloud reflectance and clear sky reflectance

Region ISCCP SOBS METEOR Nimbus-7

Global 62.6 61.5 60.9 52.9
NH 59.7 59.0 55.7 51.7
SH 65.4 64.0 66.0 54.1
Polar 52.3 68.6 50.4 58.0
Midlatitude 72.2 67.3 68.5 56.9
Tropics 58.4 55.4 58.2 48.5
Land 47.1 53.3 46.5 45.5
Ocean 70.2 65.5 67.9 56.5

n( c,Tc ) A = nAc + (1 n)As

Q

Suppose the planetary albedo is A= 0.3. Calculate 
the global mean optical thickess of the cloud layer 
when g=0.85, the cloud amount n= 0.6 and clear 
sky reflectance As=0.1.
Calculate the global mean cloud liquid water path 
(g/m2) if re=10 μm.
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General solution for the homogeneous part

Diffusion exponent and similarity parameter

Special solution for thermal emission

Solution of the two stream equation 2
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Special solution for thermal emission

Solution of the two stream equation 3

n(n 1)cn x
n 2

n

= (1 g)(1 )[ cn x
n

n

+ 2 B]

c0 = 2 B, cn+1 = 0 = 2B, = 0

F+

=
1

2
[(1 s)C

+
ekx + (1 + s)C e kx] + B

F =
1

2
[(1 + s)C

+
ekx + (1 s)C e kx] + B

= C
+
ekx + C e kx

+ 2 B, = s[C
+
ekx C e kx ]

Standard problem

Boundary condition
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Solar radiation transfer 1

Thermal emission is small for <4 μm B = 0
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Thick non-absorbing medium: Clouds in the visible region

Optical thickness of the cloud layer is obtained from 
transmission or reflection measurements.
Cloud is bright to the human’s eyes!
If ground albedo is included

Solar radiation transfer 3
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Infrared region without solar insolation
Emissivity

Thermal emission 1
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Persian Oil Fire Event in 1991 





Oil fire smoke from sapce

Remote sensing of smoke 
by various sensors



APEX-E1 at Amami after 10 years


