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Radiative transfer in the atmosphere.

QeVI =3I + j dYP(r, Y —O)I(r, ) +S(r, Q)
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In GCM models
1D RT + cloud overlap
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Challenges:

Accurate measurements of atmospheric constituents
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Reducing the ambiguity introduced by 3D structures of
the scattering layers (clouds and aerosols)

Enhancing the vertical resolution of retrieved aerosol
and cloud optical properties

Accurately detecting water vapor over and between
clouds.

Better detection of thin layers of clouds and aerosols
especially over surfaces with high albedo or clouds

Developing and validating cloud overlap schemes and
Broadband Heating Rate Profiles (BBHRP)



Radiative transfer in the atmosphere.
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Radiative Transfer and Photon Pathlength Distribution

Equivalence Theorem: [Irvine, 1964]
|, (1, &, 110, 00) = 1o (11, &, ﬂo'¢o)jgo p(l .4, ﬂo’¢o)e_’9ld|

Where p(l) is photon path length distribution with path length |

K, is gaseous absorption coefficient
1, (1, & 1y, 4,) = cloud optical properties

— Radiation field
p(l, 1, ¢; 11y, ¢,) = cloud geometry

. Mean path length to ensues the radiation closure at the surface
and TOA
. Higher moments to ensure the accuracy of heating profiles



Radiative Transfer and Photon Pathlength Distribution

Equivalence Theorem: [Irvine, 1964]
|, (1, &, 110, 00) = 1o (11, &, ﬂo'¢o)jgo p(l .4, ﬂo’¢o)e_’9ld|

Where p(l) is photon path length distribution with path length |

K, is gaseous absorption coefficient

Taking inverse Laplace transform:

001, 1o 110, 1) = L-l('vl(k&; ‘;."fl“‘;;?)) = LUR(K, . 065 110.6)

Radiation measurements of | (u,d; 11,,4,) and R(K , 1, &; 11y, 9,)

provide a complete set for understanding RT in the atmosphere




Photon Pathlength Distribution and Oxygen A-band
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Oxygen A-band: 759 -770 nm

= Vertical profile of Oxygen is well
known (uniform mixture)

=« No other absorbers interfere within
Oxygen A-band g

= A number of absorption lines cover a
suitable dynamic range

=« The lines are regular and “looser” to
be resolved by an instrument

= 760nm is the central wavelength to
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Photon Path length Distribution and water absorption band
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Cxygen {Airmass™—1)
""" Water Vapor {cm™—1)

Changes in radiative heating ey
associated with changes in
vertical cloud structure
related to water vapor affect
all aspects of the energy and

hydrological cycles; JLM
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To use known absorption properties of a well mixed gas (oxygen) as a vehicle
to understand radiative transfer in a multiple scattering medium, and then to
exploit the scattering of the atmosphere and surface to deduce the properties
of absorbing species (water).



Validate Broadband Heating Rate Profiles (BBHRP)

radiation closure
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Irradiance (w/m2/nm)
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High resolution A-band and
vapor band Spectrometer (H
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Singluar Values

Information content and instrument specifications

Instrument characteristics:
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Slit Function and signal-to-noise ratio of HAWS
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Retrievals of photon path length information from R (k, 2, ¢; 144, 6,)

Thin cirrus cloud and aerosol case [Min et al. 2001]

R el AT B

Reflectivity (082)
()

&5
€0 .20 20 . = & Aw

IS RS TR T 1 O T O A T TR R O

L]
B D R T |

Altitude (m)
0 2500 6000 9500

321.63 321.68 321.73 32178 32183 32188
Time (971117)

14

Optical Depth

Pathlength (AM)
02 06

L | | | 1 T e ST IS

—  Pathlength i
PR, :

= : :
% " ! . iz
mnnd e T Y4

3 TR S

-1.0
05

321.63 321.68 321.73 321.78 321.83 321.88
Time (971117)



Retrievals of photon path length information from R (k, . ¢; 145, 4,)
Single and multi-layer clouds [Min et al. 2001]
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Retrievals of photon path length information from R (k, u.¢; 14, 4,)

Detecting “missed” cloud by MMCR from mean and variance
[Min and Clothiaux, 2003]

g =
. - [ 2
o l h E
= =)
E Y £ =
=g P § & -
E g ' SL=L 8 =
g B 23 ;B
g 1 Nz : E
& 4 B3 :
28 80 4
% =1 b &
QSBea B 2
[ 5 -
3 . -
- 1 = — - | o .
155 17.0 185 20.0 21.5
Tima{EﬂIﬂﬂEB)
B e ”
5
o | - 1
g € : | HE
s - i ;1': ":‘E' #‘F ::'" y—
8ol .0 ¥F % N . o
CE I T 7
& ™ i ¥ W -'.I-. -% -
B : 2
& o ] s o
=
g Mﬁw §
& B srEmr= &
g — G e R . B S W e - as
-

Time



Retrievals of photon path length information from R (k, u.¢; 14, 4,)

Mean and variance of path length distribution [Min and clothiaux, 2003]
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Retrievals of photon path length information from R (k, u.¢; 14, 4,)

Joint statistics of mean and variance of photon path length with
cloud optical depth in O2 and H20 bands [Min and Clothiaux, 2003]
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Measured A-band and water vapor band spectra on June 20, 2001
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Retrievals of photon path length information from R (k, u.¢; 14, 4,)

moments of photon path length distribution from HAWS
[Min et al, 2004c]
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Retrievals of photon path length information from R (k, u.¢; 14, 4,)

moments of photon path length distribution from HAWS:
Joint statistics and photon diffusion theory [Min et al, 2004c]
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Retrievals of photon path length information from R (K, 2, é; 144, 6,)

moments of photon path length distributions
for different cloud layering relation
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Photon Path Length Distribution Spectrometer

Issues:

eUnderstanding information content and instrument

specifications
*Resolution; Signal to noise ratio; Out of band rejection; Stability;
Nonlinearity; and Calibration

eSecondary physics for instrumentation

*Cost-efficiency
sInstrument (parts and development); measurement operation; and
data analysis

Current Status:

*A working prototype that meets various specifications
*Retrieval algorithms are developed

>>>A cost-efficient system (instrument/algorithm) can be
developed in a timely manner



A-Band & Water-lIce-Vapor Instrument
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Beam Distributor Module (BDM)
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HiRes A-Band Spectrograph

Image-CCD

Nominal Design

grating: 1800 I/mm

alpha-beta = 10°

f1 =1000mm f2 = 1000mm
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Retrievals of cloud and aerosol optical properties from |1,(u,&; 1y,4,)

Direct beam measurements of RSS and MFRSR:
optical depths of thin clouds (0~7) and aerosols
[Min et al., JGR, 2004a]

Diffuse measurements of RSS and MFRSR: cloud
optical depth (from 5 and up) and effective radius
[Min and Harrison, GRL, 1996; Min et al., JGR,
2003Db]

Simultaneously retrieving cloud optical depth and
effective radius for optically thin clouds from
forward scattering lobe of direct beam [Min and
Duan, 2005]



Retrievals of photon path length information from R (k, .4, 14,.6,)

Mean path length from the first generation of RSS
[Min and Harrsion, GRL, 1999; Min et al.,, JGR,
2001]

Mean and variance of phton path length
distribution from oxygen A-band and water vapor
band [Min and Clothiaux, JGR, 2003; Min et al,
JGR, 2004Db].
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