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What is Uncertainty?



What is Uncertainty?

Uncertainty refers to epistemic situations involving
imperfect or unknown information. It applies to
predictions of future events, to physical
measurements that are already made, or to the
unknown. Uncertainty arises in partially observable
and/or stochastic environments, as well as due to
ignorance, indolence, or both.l It arises in any
number of fields, including insurance, philosophy,
physics, statistics, economics, finance, psychology,
sociology, engineering, metrology, meteorology,
ecology and information science. (Wikipedia)
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What is Uncertainty?

WHOA!  WE SHOULD GET INSIDE!

¥, ITS OKAY! LIGHTNING ONLY KILLS
2 ABOUT 45 AMERICANS A YEAR, SO
THE CHANCES OF DYING ARE ONLY
ONE IN 7000000. LETS GO ON!

o)

THE ANNUAL DEATH RATE AMONG PEORLE
WHO KNOW THAT SYATISTIC IS ONE. IN SIX.



What is Uncertainty (Prognostic vs. Diagnostic)?

MISR AOD vs. AERONET
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Best Estimate
N = 4215
r=10.8850

RMSE = 0.1291
Bias = 0.0005
Percent In = 67.16
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A Little Retrieval Theory
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A Little Retrieval Theory (Cost Functions)
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A Little Retrieval Theory (Finding a Solution)

Starting

/ Point

Iteration 3

Iteration 4

Convergence




A Little Retrieval Theory (Finding a Solution)

Starting

/ Point

Iteration 3

Iteration 4

Convergence

Carl Gustav Jacob Jacobi




A MISR Example

(e13

) UoljoB.I4 8PO BuUl4 HSIN

10



A MISR Example




A MISR Example

E1B2 V22b24-71 Inverse Weighted

Normalized Value
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Normalized Value

A MISR Example

E1B2 V22b24-71 Inverse Weighted

AOD at Peak = 0.2750
Gaussian Mean = 0.2804
Gaussian StdDev = 0.0609
FWHM = 0.1252

FWHM Est StdDev = 0.0532

Report: 0.27 £ 0.05 (x19%)

NOTE: For a normal distribution

FWHM =2v2In20 = 2355 0.
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A MISR Example
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A MISR Example
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What is Uncertainty (Prognostic vs. Diagnostic)?

Percent of accurate retrievals
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Observing System Uncertainty Experiment

Operational _.E Operational

“'| Forward Model Retrieval
Gro’:rléc:2 'I(')r:ltET ' Comparison
(e.g., ) to Ground Truth

GRASP
Forward Model Retrieval
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Observing System Uncertainty Experiment

X1 —>

Xy —>
State model +
forward simulator

e True state X
« Sensed Radiance Y

« Estimated state X

Vary: System state, parameters
Provides Monte Carlo estimates of:

bias = mean [estimate — frue]
variance = var [estimate]

(Hobbs et al., SIAM JUQ, 2017)

Y1 . |
F(-.B) —| ()+€1 —{ R(-C) — X,

Yy Yy, |
F(-.B) —>| ()+ex | R(.C) — Xy

Estimated
state vect

True state
vector

P(estimated — true)




Observing System Uncertainty Experiment

Initial runs using GRASP modeled conditions corresponding an
AERONET site

» Retrieved parameters:

Particle size distribution V(r) in 22 log-spaced size bins

Total AOD in 4 channels, A = 0.44, 0.67, 0.87, and 1.02 um

Below: Varying instrument noise as a sanity check of retrieval
operation

— 100 replicates at each noise level

Noise up yields
increased error

Total Residual residual
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Multiplicative Noise Scale (Relative to Unity) - Jitter added within-Level
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Observing System Uncertainty Experiment

Monte Carlo over instrument noise to verify GRASP error
bar computation and method.

Showing volume size -

. . . . **I" | Showing a handful of
distribution as a function |EEECEAEEE
of size (log-spaced bins) g

The mean is quite
accurate

Standard error is not
accurate at low and
high particle sizes

— Rather tame AERONET
forward model
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Observing System Uncertainty Experiment

GRASP Reported Errors vs. Initial Guess
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Initial Guess
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OF REFRACTION

IMAGINARY INDEX

Some Explorations of Parameter Space

PARAMETER SPACE (2D)
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Some Explorations of Parameter Space

PARAMETER SPACE (2D) PARAMETER SPACE (2D)
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SCATTERING ALBEDO
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Some Explorations of Parameter Space

INTENSITY
ONLY

PARAMETER SPACE (2D)
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DolLP POLARIZATION
ONLY ONLY
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Some Explorations of Parameter Space
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Kalashnikova et al. JGR (2018)
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Observing System Uncertainty Experiment

Monte Carlo over instrument noise to verify GRASP error
bar computation and method.

The mean is quite -
**" | Showing a handful of
a CCU rate éo"a:“ example retrieved size

distributions
Standard error is not
accurate at low and
high particle sizes

Work in progress

=
=
C
0. |
S
2
£
N
a
(O]
N
%)
()
£
2
0=
>
O ¢
O ;
£
©
&»

26



Jet Propulsion Laboratory
California Institute of Technology

Michael.J.Garay@jpl.nasa.gov



