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Outline

Simple/analytical forward RT model for
space-based O, spectroscopy
Application to EPIC pixels:
— Fully cloudy, over water

— Cloud-free, over water

— Partially cloudy, over water
— All of the above, over land

Conclusions
Recommendations

The Earth seen from Apollo 17 (Dec 7-19, 1972) at 10232 pixels
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A-band Cartoon - General Case
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Aerosol Case

Toz (Zt >°°) <

Z,=7Z+H

T,,(Z,,Z,) < | optical thickness t=cH << 1: single-scattering
(linearly extended)
Z,=7Z~H

7,.(0,2,) <




Cloud Case

Z=Z7Z+H
To, (Z,,Z,) <

Z,=7Z—H
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Forward model (space-based platform):
Iton(To, - Mos Zy, H T, pt,00) = Uy Fy Ry (To, - Mo3 2 H T pE00) I 7
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Typical Aerosol Phase Function

phase function (double Henyey-Greenstein) :
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Single scattering theory (reflection)

phase function (double Henyey-Greenstein) :
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Cloud/aerosol remote sensing
(dark surface case)

where Z, = H _InP, /P and H =~ H AP /(P + AP /2) (recalling that H , ~ 8 km).

In this case,

Rion (To, oHo: PLAP,T,pE,0) =€ [El(lﬂwoz (AP (P, + AP /2)). 1y 7.pf)

For R () with
- aerosols: a previous slide
- clouds: an upcoming slide



Typical SNR Estimation
OCO-2 [Randy Pollock, pers. comm.]

A-Band SNR vs Radiance
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What are the effective

O, optical depths?
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Aerosols: I;,, VS Ty, VS parameters

F,=1! 1.510%! ph/s/m%/Am; A, =1, 1/2; P,= 1013.25 mbar;
{]q,é;pé;z} — {(Lég;+()f7;—(L‘1}

t=0.1, AP =200 mbar, t=0.1, P,= 700 mbar, P,=700 mbar, AP = 200 mbar,
P = {800, 500} AP = {100, 300} t={0.03,0.1, 0.3}
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N.B. Typically, no signal left for t,, > ~3.



Aerosols: I;,, VS Ty, VS parameters
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Aerosols: /;,, VS Ty, VS parameters
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Diffusion / 2 stream-type theory, 1:

ISOtrOpiC boundary source Radiance reduced to :
phase function (0-scaled Eddington model):

1
Pl £.8) = [ 1280 - )+ (1= F)(1+ 3w,

with f = g%, ¢’ = li ~0.46, with ¢ = 0.85 and 7/ = 7(1 - g)/ (1 — g’) = 0.287

+8
where 1, (1,9 — W,9") = i’ +/1— 21— ' cos(¢” — ¢)

Define Gtr t/H=(1-g)6 & o,=1y,(4,.2)H
dF /dz=-0,J
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where rgj =Tg, X (AP / P, ), 7. =(1-g)7r,and y = 2/3 for clouds (4/3 for aerosols).



Diffusion / 2 stream-type theory, 2:
Anisotropi imated) internal source, T
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where Tg’i =T, X (AP/PO) and 7, = (1-g)t.



Diffusion / 2 stream-type theory, 2:

Anisotropic (collimated) internal source, R
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Clouds: I, VS 1,5, VS parameters

F,=1 1.510%! ph/s/m%/Am; A, =1, 1/2, 1/3; P, = 1013.25 mbar;
2=10.85, hence g’=0.46

T =10, AP = 100 mbar, T =10, P,= 650 mbar, P, = 800 mbar, AP = 100 mbar,
P, = {900, 700, 500} AP = {50, 150, 450} T'={2,6,18}
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N.B. Typically, no signal left for t,, > ~5.



Clouds: I, VS 1,5, VS parameters

F,=1 1.510%! ph/s/m%/Am; A, =1, 1/2, 1/3; P, = 1013.25 mbar;
2=10.85, hence g’=0.46

T =10, AP = 100 mbar, T =10, P,= 650 mbar, P, = 800 mbar, AP = 100 mbar,
P = {900, 700, 500} AP = {50, 150, 450} T =1{2,6,18}
log,,(signal) log,,(signal) log,,(signal)
[1/s/m”Jst/um] [1/s/m”st/um] [1/s/m”Jst/um]
21f 21 21F
20F, 20 R 20|
L, S, | H\K\ HH“HHH
RN \\ \\\V\E \\\\\::\?\ [ \-.'-
19F NN 19F N N NN 19F Ny
[ [ {“‘;\\t\\\ ] b WY,
18 B\ O\ | continuum |
| 3 NN\ response |
17} 17} \\S@\ p_
| RN N 50,
................. WS L L L '..............\}‘w.........Tﬂﬁ
0 0 1 2 3 4 5 0 1 2 3 4 5 7
Z, {0.95, 3.0, 5.7} [km] H {0.6,1.6,4.1} [km] t={7,21,63}
—H {0.84,1.1, 1.5} [km] at Z, 3.6 [km] atZ, 19,H 0.95 [km]
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Clouds: I, VS T, VS parameters
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Conclusions

EPIC’s (A+B)-band suite offers promising results for
coarse (parameterized) profiling of clouds & aerosols

Simplified 1D RT good for:

— Tutorial purposes
— Dissecting signal (physics-based information content analysis)
— 1st guess for inversion scheme based on more rigorous 1D RT

Next ...

Incorporate SNR (vertical error bars)

Implement nonlinear averaging for A\ effects of 15,(A)
Study reflective surface cases, especially for aerosols
Study partial cloudiness cases (linear a/c mixtures)
Correct for time-domain 3D RT effects on sunlight paths



... coming in 2013: NASA will launch the Orbiting Carbon
Observatory “reflight” (OCO-2), which will have imaging
(pixels A2 km) A-band spectroscopy at very high resolution.

Recommendations

 Leverage OCO-2’s A-band

* Polarization? May help:
— Tropospheric ozone?
— Aerosol case
— Partial cloudiness

* Golden opportunity for applled 3D RT
- enadlr ... subpixel-scale effects (stochastic RT models)
— Alimb ... pixel adjacency effects (multi-pixel retrievals?)
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Thank you! Questions?
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