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



Multi-angle Imaging SpectroRadiometer
(MISR)

Jet Propulsion Laboratory, California Institute of Technology      

Aboard the NASA Terra platform
(polar orbiting, sun-synchronous,
AM equator crossing time)

Nine view angles at Earth surface:
70.5º forward to 70.5º backward

Nine 14-bit pushbroom cameras

275 m - 1.1 km sampling

Four spectral bands at each angle:
446, 558, 672, 866 nm

400-km swath: 9-day coverage
at equator, 2-day at poles

7 minutes to observe each scene
at all nine angles



courtesy
 Mike Garay (JPL)



275-m pixels



Radiances & Products
•So far you’ve only seen “Level 1” data:
–raw measurements by imaging instruments, a.k.a. radiances

•Earth scien;sts of every ilk actually want geophysically
meaningful quan;;es!

•Need to translate radiances into temperatures, densi;es,
profiles thereof, surface proper;es, aerosol proper;es,
cloud proper;es, etc., etc., etc. (a very long list!)
–“Level 2” data

–ideally on a pixel‐by‐pixel basis

•Calls for predic've physics‐based model for the radiances,
given a model for the scene: “Radia;ve Transfer” (RT)

•Then calls for an “inversion method” for inferring scene
proper;es from radiances (get RT input from its output)





•Three core problems:

–Propaga/on

–ScaVering

–“Repeat” (mul/ple scaVering)

Note: The following slides contain more complete
material than presented at the lectern.  More
specifics are provided, for the interested readers.

Radia/ve Transfer 101



Radia/ve Transfer 101

•Propaga/on problem: get light from A to B
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•Propaga/on problem: get light from A to B

–One single op;cal property to define
source detector
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•Propaga/on problem: get light from A to B

–One single op;cal property to define
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•Propaga/on problem: get light from A to B
–One single op;cal property to define

–Beer’s law: T(x) = F(x)/F0 = e–x/

– is the “e‐folding distance” of the light of interest

–AeroNet inverts Beer’s law to infer “op;cal depth” x/
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•Propaga/on problem: get light from A to B
–One single op;cal property to define

–Beer’s law: T(x) = F(x)/F0 = e–x/

–AeroNet inverts this to infer “aerosol op;cal depth”
   AOD = x/ where x is the thickness of the aerosol layer

Radia/ve Transfer 101

source detector

distance x

x

logF(x)

logF0

0

slope –1/

logF0/e



 

1

e
=0.36788!



Radia/ve Transfer 101

•ScaVering problem: get light from one direc/on
(A to B) into another direc/on (B to ?)



Radia/ve Transfer 101

•ScaVering problem: get light from one direc/on
(A to B) into another direc/on (B to ?)

–new concept: “phase func;on,” which describes
how much light scaMers into all possible direc;ons



Radia/ve Transfer 101

•ScaVering problem: get light from one direc/on
(A to B) into another direc/on (B to ?)

Note log axis

Molecular
(Rayleigh)
g = 0

“diffrac;on” peak
(silver lining)

“cloud‐bow”
(varies with λ)

“glory” peak
(backscaMering)
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•ScaVering problem: get light from one direc/on
(A to B) into another direc/on (B to ?)
–Rayleigh scaMering by molecular atmosphere
•blue sky phenomenon

–ScaMering by atmospheric par;cles, assumed spherical
•some natural and pollu;on sources of aerosol
•cloud droplets

–ScaMering by atmospheric par;cles, not assumed
spherical
•other natural and pollu;on sources of aerosol
•ice cloud crystals (sun dogs, etc.)

–Memory of previous direc/on, and loss thereof
•mean cosine of scaVering angle (“asymmetry factor,” g)
•iterated scaVering
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•ScaVering problem: get light from one direc/on
(A to B) into another direc/on (B to ?)
–Rayleigh scaMering by molecular atmosphere
•blue sky phenomenon

–ScaMering by atmospheric par;cles, assumed spherical
•some natural and pollu;on sources of aerosol
•cloud droplets

–ScaMering by atmospheric par;cles, not assumed
spherical
•other natural and pollu;on sources of aerosol
•ice cloud crystals (sun dogs, etc.)

–Memory of previous direc/on, and loss thereof
•mean cosine of scaVering angle (“asymmetry factor,” g)
•iterated scaVering
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case where g = mean of cosθθs = 0.5



•ScaVering problem: get light from one direc/on
(A to B) into another direc/on (B to ?)
–Rayleigh scaMering by molecular atmosphere
•blue sky phenomenon

–ScaMering by atmospheric par;cles, assumed spherical
•some natural and pollu;on sources of aerosol
•cloud droplets

–ScaMering by atmospheric par;cles, not assumed
spherical
•other natural and pollu;on sources of aerosol
•ice cloud crystals (sun dogs, etc.)

–Memory of previous direc/on, and loss thereof
•mean cosine of scaVering angle (“asymmetry factor,” g)
•iterated scaVering

 

If <cos!sn>=g (n=1,2,…), where <X> means "mean of X," then what is <cos!n>?

(where !0=0 and !n=!s1+!s2+!s3+…+!sn)

Answer (in the absence of absorption): <cos!n> =g
n

How many scatters (n") before<cos!n> ! <cos!n>= 1, when g is#1?

Answer (loss of directional memory): n>n"#
1

1$g

How far ("t) did the light propagate (on average) before that happened?

Answer: "t#
"

1$g

Radia/ve 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101
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101

•Repeat [propaga/on & scaVering] un/l …

–Absorp;on (by molecules, par;cles, or surface), or …

–Escape (to space), including …

–Detec;on (actually a sampling of the radiance field)

•This defines the mul/ple scaVering problem

•a.k.a. diffuse reflec/on/transmission problem



Is this a cloud?

Radia/ve Transfer 101

•Diffuse reflec/on/transmission problem:



Yes, it is! … because we can solve its
forward (and inverse) RT problems

Assume no absorption, hence 
R(eflectance) + T(ransmittance) = 1
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Define cloud “optical” depth

g = <cosθs> ≈ 0.85

χ ≈ 2/3 



Yes, 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… 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Define cloud “optical” depth
Recall Beer’s law:
Tdirect = e

–τ (here << T ≤ 1)

Here, by contrast:
T ∝ 1/τ (when τ >> 1)

g = <cosθs> ≈ 0.85

χ ≈ 2/3 

 total = direct + diffuse



Yes, 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… 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Yes, it is! … because we can solve its
forward (and inverse) RT problems

Assume no absorption, hence 
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Define cloud “optical” depth

g = <cosθs> ≈ 0.85 

χ ≈ 2/3 
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Yes, it is! … because we can solve its
forward (and inverse) RT problems

Assume no absorption, hence 
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Define cloud “optical” depth

g = <cosθs> ≈ 0.85

χ ≈ 2/3 

✔?



My goals for the workshop:

•Give a taste for what’s “under the hood” in
atmospheric remote sensing … and maybe a healthy
dose of skep;cism about “Level 2” products

•Meet in small groups

•Figure out …

–Propaga;on problem

–ScaMering problem (especially, direc;onal memory loss)

–Diffuse transmission/reflec;on problem

•There are several simple and insighdul deriva;ons for
each expression (applicable to STEM curriculum?)

•Connect all of the above with classical op;cs, as it is
presented in the classroom





My research statement:
•Go beyond the standard (horizontally uniform
and infinite slab) model that defines “1D” RT

•Use 3D RT:

–Account to unresolved (sub‐pixel) spa;al variability

–Account for resolved spa;al variability (cross‐pixel
fluxes)

•Also, use ;me‐dependent 1D and 3D RT:

–Pulsed laser sources (lidar, but with mul;ple
scaMering)

–Equivalence between transfer ;me and absorp;on
by a uniform gas (prime candidate is oxygen)






