6. Radiative Transfer in Optically
Thick Atmospheres

Gaussian Quadrature #7AKREE

e Optimum discrete quadrature for spherical harmonic
functions

e Assume only two streams in m-axis. Asymmetry factor
2 term approximation
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Flux integration in the two stream approximation
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Flux transfer equation in the two stream approximation

e Up and down scatter coefficients
e Total flux and net flux F+
e No flux convergence if ®=1: Constant net flux
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Non absorbing atmosphere
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® Optical thickness of the cloud layer is obtained ’ FZ‘I Fy l
from transmission or reflection measurements.

® C(loud is bright to the human’s eyes!

Absorbing atmosphere

e General solution and Boundary condition
e Diffusion exponent and similarity parameter
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Uk, ® Ground surface becomes very dark in
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Similarity parameter of cloud particles
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April 2003 MIROC+SPRINTARS
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AOT Cloud particle size (low cloud)
Fig. 3a. Comparison of Aerosol optical thickness (AOT) and effective

cloud droplet radius (CDR) of low clouds from MIROC-GCM and two
satellites (GLI and MODIS) (Nakajima and Schulz, 2009).
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Nakajima et al. (GRL 2001, p1171)




Correlation between r_,and 7,
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International Satellite Cloud Climatology Project

(ISCCP)

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

A=nA +(1-n)A,

n(t.,T,)
Region ISCCP SOBS METEOR Nimbus-7
Global 62.6 615 609 529
NH 597 59.0 55.7 51.7
SH 654 64.0 66.0 541
Polar 523 68.6 504 58.0
Midlatitude 72.2 67.3 68.5 56.9
Tropics 584 554 58.2 48.5
Land 471 533 465 455
Ocean 702 655 679 56.5
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FIG. 2. Annual zonal-mean distributions of optical thickness
and top temperature for all clouds in 1984.

Q

e 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.

e Calculate the global mean cloud liquid water path

(g/m2) if r =10 pm.
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Solution of the two stream equation 2

% = —(1- wg)(1 - 0)[-¥(x) + 27B]

e General solution for the homogeneous part
Y(x)=C,e“+Ce™
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e Diffusion exponent and similarity parameter

k=Jl-wg)(1-w), s=

e Special solution for thermal emission

Y(x)= Z c X"




Solution of the two stream equation 3

e Special solution for thermal emission
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Standard problem

e Boundary condition
FrO)=F; F (x,)=0
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Solar radiation transfer 1

e Thermal emission is small for A<d ym  B=0
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Solar radiation transfer 3

e Thick non-absorbing medium: Clouds in the visible region

w—>1, s,k—0

c—>1-2s, 1-0" —>4s, E' —>1—kx,

:i _1% 4S
1—0°E" (+kr,)— (1—4s)(1—kx,)
4s | o
T ke, +4s 1+(—g)x. /2 1+bx r=1-t
8 8 8

> 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
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Infrared region without solar insolation
F'(0)=0;
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Persian Oil Fire Event in 1991




C131 R/Aircraft of U. Washington




Oil fire smoke from sapce

June 12, 1991 June 22, 1991

Remote sensing of smoke
by various sensors




APEX-E1 at Amami after 10 years




