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Approaches to express and analyze uncertainty

Specify a range, low,

mid, high

Range sensitivity
(tornado chart)

Parametric analysis

Express as probability

distributions

Importance analysis
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Influence diagram for risk analysis
of off-shore wind power




Risk analysis of off-shore wind power
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U1Exercise: Parametric and importance analysis |
with TXC model

* Fire up TXC 2020.ANA e o
- Look at Benefits and costs  |© oo ==

as a function of Emissions |

Reduction ”""Wmmm —
* Mean Net benefits for N
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Importance Analysis

* Indicates which are the most important
uncertainties, and therefore which might

8 W5 Velue - Importance of uncetaintis 1o net benefis =
be worth understanding better. O
» The built-in importance analysis _ Populaton xpose
examines the rank correlation between
each uncertainty in the model with the
outcome of interest. By s B
* It provides guidance on which quantities g rance ofneranies o e panete
really matter to the result — and may be Sow B S

worth further investigation, modeling, or
data gathering.




Why express uncertainty as
orobability distributionse

Probability

wais.g | * Judgment is unavoidable in extrapolating from
el what we know to what we need to make
decisions about. Let’s be explicit about it
C

somperceniey. | © Probability is the clearest, most widely used
language for expressing uncertainty.

* Obtaining probability distributions from a
range of experts is the best way to quantify the
B P T P s e e e e e e current state of knowledge (and lack thereof)

Plant Cost (ion 20055) * There are well-developed methods for

A

10th percentile)

0.010 4

0.005

0.000

obtaining expert judgment as probability
distributions

* Careful assessment methods can minimize
cognitive biases

Uncertainty: A Guide to Dealing with Uncertainty in
Risk and Policy Analysis. M Granger Morgan & Max

Henrion, Cambridge UP, 1990 @’




Assessing points on a triangular distribution

0.015

0.010

Probability

0.005 {

0.000
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Plant Cost (Million 2005$)

* A. Low value -- 10th percentile
* B. Most likely -- mode or peak

A4
* C. High value -- 90th percentile)




Exercise U2: The Plane Catching Decision:
Draw an influence diagram and add definitions

* Your flight is scheduled to depart at 7.00am. * Total time to gate (mins)
You plan to drive or get a cab from your home  gym of the above three uncertain

to the airport. quantities.
* Time to drive to airport (mins) * Decision Time to leave (mins before
* Time from parking (or drop-off) to travel to the  departure)
gate (mins) * Loss if | miss the plane (mins)
* Time to be at the gate before departure (mins) =~ 400 mins
* Define each of these quantities as a * Objective to minimize Time lost (mins)

probability distribution, for example: = Time to_leave — Travel time
= Triangular(low, mid, high)

= UncertainLMG(low, mid, high)
= Normal(mid, sd)

= Lognormal(mid, gsd) @’

+ (IF Travel _time > Time_to_leave
THEN Loss_if_miss ELSE 0)



Create a chance variable and select a distribution

(8 plane catching with EVIU -- Analytica® Optimizer -- C:\Users\Lumina)\Documents\Magic Briefcase\Ana training\Ana training 2015\ Training slides OCt 2015\ Training
File Edit 0Object Definition Result Diagram  Window  Help

&'—::g!‘?hﬁk-h-I..BIIIIT-

&  object Finder
Library:| Distribution | Fnd..
NegativeBinomial (r p over)
Normal { mean, stddev, over )
Pois=on { mean, over )
ProbDist (PRI}
ProbTable ProbTablel 1 ...Im } ul...um}
Random ( dist, method, Over )
Shuffle (A, ] over)
SipDecode { xml, Resultindex, locallndexName, useDll }
SipEncode { X, |, name, type, origin, version, useDll }
StudentT ( dof, over )
Triangular { min, mode, max, over )

Gate time before
Triangular(10, 20, 30)

BEEEEEEEEE

Triangular | 20| 30 |

Triangular{mid,mod, max} returns a continuous, triangular prokability distribution bounded by «min» and «maxs, ﬂ
and with the gpecified «modes.




Plane catching problem:
Example influence diagram




Exercise U3: Analyze the Plane Catching Decision

([ Probability Density - Time lost

mid Mid Value < lestiming)

Reselect Mid from the uncertainty view for

* Result view for " e e

Kt Statistics

== Probability Bands

objective Time lost . oty Dery
= Look at the Mid value

| Sample

Ll

= Select Probability density from Uncertainty view:
Does it have more than one mode?

= Select Cumulative Probability from Uncertainty
view: What is the probability that you will miss
the plane if Leave time = mid value?

= Select Sample from Uncertainty view: Look at
dots. Change to Table view.

* Redefine Decision Leave time to be a sequence
of values

= Sequence(<low>, <high>, <step>)

Where <low> and <high> are the min and max
plausible times to leave, and <step>=15

Time lost

= What Leave time minimizes the Time lost
ignoring uncertainty)?

Select Mean from the uncertainty view for
Time lost

= What Leave time minimizes mean Time
lost (considering uncertainty)?

H 6 Plane catching with EVIU -- Analytica® Optimizer -- C:\Users\Max Henrion\Documents\Magic Bl
I m po rta n ce a n a Iys I s File Edit Object Definition Result Diagram Window Help
‘7:' Find... wF @O @ I
H H Find Next Ctrl+G
= Select the objective ==

Plane c

Make Alias Ctrl+M

j}e Importance
ake User Input Node Ctrl+Alt+| Creates an importance variable (an

Make User OutputNode  CirleAlteQ L Uncertain inputs for the selected v3

Time lost

X plane ’

Show By Identifier

= From the Object menu
select Make Importance ;e

Hide Definition(s)
Unhide Definition(s)

cey  f

= |t makes Time lost inputs
Time lost Importance.

= Which uncertain input contributes the
most uncertainty?




Loss function ignoring uncertainty
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Loss function ignoring uncertainty
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Exercise U4: Tornado chart — range sensitivity analysis

Add these variables:
* Index LMH_percentiles
= [10%, 50%, 90%)]
* Variable PCiles_of _inputs

= Getfract(Time_lost_Inputs,
LMH_percentiles)

* Variable Time_lost_range

= WhatlIfAll(Time_lost,
Time_lost_Inputs,

PCiles_of inputs)

* In Graph setup ...

- Check Swap horizontal o= "0l

and vertical

u C h e C k S O rt by d ata / O _,—\_l_ Di:::ﬁ::i:; [e.q.. tomado plot)

spread

= Check Variable origin _—"

(e.g. tornado plot)

* SetKeytoLMH——-—___

percentiles

* Select Bar origin
to LMH_pc =50%

/

Chart Type  Awis Ranges Style  Test  Background Preview

Line style:

o) N Sort by data spread
0O * - Bar graph settings:

> : Box Cylindrical
(@) . : ["] Show bar outlines

® —. Bar overlap: %
Style template: | Global Defaul -
Apply Set Default Cancel

. Mid Value - Time lost tornado
i of Time lost tornado (mins)

@ Time to leave home (mi 3 [SEs]

-| Vertical Axis:| Time lost Inputs - ;g| LUH percenties v |
)ﬂhin: LMH percentiles=50% a4

"

Time to drive to
airport

Time from
parking to gate

Time at the gate

Time lost Inputs

Loss if | miss
the plane

0 25 5 7.5 10 125 15 17.5 20 22.5 25 27.5
Time lost tornado (mins) |

LMH percentiles
M 10% [ 920%

16




- Tornado diagrams (or
range sensitivity charts)
show the effect on a
result of varying each
uncertain variable from
low to high value, while
keeping the others at
their base (mid) value.

Tornado Diagrams

Compliance wi _
Air quality wt

Cost wi

Marine mammals wt

Water quality wt

Benthic resource wt

Ocean access wt

Cost uncertainty

Fish productivity wt

-

5 10 15 20 25 30 35 40
Utility difference (%)

Levels

[ Low W High




Tornado Chart sensitivity analysis

for Electric Vehicle sales share in 2021 (forecast in 2013)

The range of EV sales
share % as we change
each uncertain
variable from low to
high, keeping the
other variables at
their base value.

Ordered by range.

Variables

Oil Price

Fit alpha for logit model

PEV Incentive multiplier

EAP weight on sales vs |
stock share |

Consumer discount rate

Unit battery cost multiplier

Vehicle Lifetime factor

PEV incentive end year

PHEV fuel economy

Electricity price multiplier

Learning rate for battery |
costs |

Min cumulative
production for learning |

Fixed battery cost

Electricity used per mile |
estimates

o

Effect of the

uncertainty in Oll
Price dominates
other variables

Yy,

0%

2% 4% 6%

PEV sales share

[] Low [ High

8%

12% 14%

10%

16%




Each bar shows the
effect on a variable
of changing swing
weight from 0O to
100

Tornado chart sensifivity analysis

_ R T — | Higher level
Cmﬂpllam_:e Wl - — favors complete
Arquaiywt| /| | : | _removal only for
Cost wt / -1 Compliance and
Marine mammals wi Ocean access
werauiywt] | T — weight
T .

Ocean acces

Costuncerfanty | | |8 -L“EI;
Fish productjvity wt | B Low [ High
5 0 5 10 15 20 25 30 3B 40

Utility difference (%)

< Prefer complete removal Prefer partial removal -

‘ Compliance weight is the only
variable that could change preference ——
from partial to complete removal @’




Monte Carlo Simulation

Represent each input distribution by a random sample
of n (SampleSize)

Run is the Index of the n samples (or scenarios)

Compute each uncertain result for each of the n
samples.

Estimate a probability distribution (density function,
cumulative distribution, mean, or other statistics) for
each uncertain quantity from the n samples

Precision of these estimates increases with Sqrt(n)

Precision of depends on n, but not on the number of
uncertain inputs — unlike probabillity trees where the
effort is exponential in number of uncertainties




21

The Run index

* Run (Title - Iteration) is the | & smele-Tmeiox e
— l#w|  sample of Time lost (mins) XY
teration (Run) w | []Totals
Index over random Samples @ b Time to leave home (mins) w |> [ Totals
I 60 65 70 75 80 85 ~
I n M O nte Ca rl O 1 572.2 5772 582.2 587.2 5922 597 .2
o _ o| 8075 8125 8175 8225 8275 8325
* Run is like any other index 3| 2546 2506 2646 2606 2746 2796
4 5879 59290 597 9 6029 607 .9 6129
1 5 3108 3158 3208 3258 3308 3358
fo r a rray a bSt ra Ct I O n * 6 5222 527.2 532.2 237.2 5422 5472 (
7 4527 4577 4627 467.7 2.465 7.465
8 236.5 241.5 246.5 251.5 256.5 261.5
9 307 1 3121 317 1 322 1 327 1 3321
10 1425 147 5 1525 1575 162.5 1.619
11 4653 470.3 4753 480.3 4853 490.3
12 2825 2875 2925 2975 3025 307.5
13 408.2 4132 4182 0.1681 5.168 10.17
14 634 639 644 649 654 659
15 1121 117 1 1221 127 1 1321 137 1 (
- 1A A77 AR? AR87 492 497 a02 . v




Exercise U5: Explore Uncertainty Setup dialog box

Select Uncertainty Options...

from the Result menu bar, or e S %
shortcut ctrl+U . Statistics
Probability Bands
Explore options — Probabilty Density
Sampling methc Cumulative or Exceedance Probability
(®) Median Latin Hypercuwe ————+r narmaom caurr mypercuse
|;S'n'p|e Monte Carlo () Sobol sampling
Random seed: | 99 [_| Reset once
 Cancel . SetDefaut =~ Apply
— Analysis option:| Probabiity Density w|
() Histogram
@ Smoothing @

Smoothi'\gfador:l maximum smoothing vl




Uncertainty Setup

Monte Carlo and other sampling methods

— Analysiz option: Uncertainty Sample w

(Applies to entire model)

Sample Size: m

s

Sampling method:
() Median Latin Hypercube
() Simple Monte Carlo

(@) Random Latin Hypercube
() Sobol sampling

]

A\

Random seed: | 99 [ | Reset once

Cancel

Set Default

Simple Monte Carlo simulation samples at
random from each input distribution

Convergence is the rate at which a statistic from a
sample converges to the exact value as a function
of sample size N

Random Latin Hypercube sampling (RLHS)
generates a random sample from each of the N
equiprobable intervals for each uncertain quantity.
Converges a bit faster than simple Monte Carlo.

Median Latin Hypercube sampling (MLHS)
generates the median of each of the N
equiprobable intervals. (Analytica default).
Converges faster than RLHS, but can give wrong
results in very rare cases.

Sobol sampling: Systematic sampling over
multiple dimensions. Works best with a modest
number (say <=7) chance variables.



How large a sample should you use?

Uncertainty Setup

(O Smoothing &)

Samples per PDF step interval: 20

() Equal X axis steps
(®) Equal weighted probability steps
| (") Equal sample probability steps

Cancel

Set Default

Uncertainty Setup

— Analysis option:| Probability Density

() Histogram

®Smocthing €

Smoathing factor: | default

Cancel

Set Default

- Start small (e.g. 100) while building and testing a large
model

* You can control the apparent smoothness of
distributions with Samples per PDF plot point or Samples
per CDF plot interval in Uncertainty dialog from Results menu

- What kind of measures of the distribution are you
Interested Iin?

= Cumulative distribution (all the percentiles)
= Probability density function — more sensitive to sample size

= Median, mean, standard deviation, 10% -- 90%iles?

o See Analytica Docs, Choosing a Sample size.
https://wiki.analytica.com/index.php?title=Selecting the Sample Size

- How will the uncertainty affect decisions?



https://wiki.analytica.com/index.php?title=Selecting_the_Sample_Size
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How to select a distribution to express uncertainty¢

f‘ "
* |s it discrete or continuous? _..l_ / \\
Disecr = Confinuous =
* Does it have upper and/or \ ‘ S/ \1
[ . ff’
|OW€r bOU ndS? Enxact LO'.:'-EFBOLIHIII;S E;actUpp;rEloun;;s
° ? / H\\ d j .
How many modes: ‘ //W \ e \\\_/ N
wode . mad -~
. ? ’/_h\ Positive Skew {e;:tl e Skew
* Symmetric or skewed: VAR i
e \_\ //’ \\\
Symmetric J’I - "‘H\&

* Recommend UncertaintyLMH(low, mid, high, prob)
* prob is Pr(x<low) = Pr(x>high)
* Can add lower or upper bound. @’




Truncate(X, xmin, xmax) generates a distribution the same
as X, removing tails below xmin or above xmax

* Try Truncate(X, -2)

- How would you truncate "My Chance Node" such
that values higher than 2 are thrown out? Try -
Truncate(-X, -2)

- If you don’ t want to resample but want to replace
rejected values with a boundary value, use
Max([min, expr]) or Min([max, expr])




Statistical functions: Array-reducing functions

ith EVIU -- Analytica® Optimizer -- C:\Users\Max Henrion\Documents\Ma¢

Definition Result Diagram Window Help

T — v | @ O @ I « Mean(x, i)
= - SDeviation(x, i)
D S [ - Variance(x, i)
i S’L ( e - Skewness(x, i)
| ;t:wk : Eﬂf.e.;  Kurtosis(x, 1)
| e { oy * CoVariance(X, Y, I)
[ { i - Correlation(x, v, i)
Neule Ed - RankCorrel(x, vy, i)
S * Regression(y, b, I, k)
o
L Soormion If you omit index i, by default each assumes
g e B ey the Run Index from Monte Carlo simulation.



Sensitivity analysis shows the quantitative
relationship of one variable to another

* Importance — calculates the absolute rank ordered
correlation of an objective variable to its predecessor
variables.

- Tornado plots — shows how an objective variable
changes in response to a predecessor variable that
moves from a low to a high position while all the other
variables follow their natural variation.

- Scatter plots — shows the shape of the relationship of
the probability sample of y against a comparison
sample of x.

= We’'ll look at these with our last example.




Other methods for studying sensitivity

» Dydx(y, X) —what is the slope of y
with respect to x — I.e., the ratio of the
change in y to change in x, for a small
change in x?

 Elasticity(y, x) — what is the percent
change in y due to a 1% change in x?




to set correlations among variables

Multivariate Distributions library

- Select Add Library from File menu

Look: in: I | Libraries

@

Recent Places

L

Desktop

Libraries

i!:;

Computer

A
™l
Metwork

x|
Nl e m
Name = | -| Date modified | +| Type |-| size |-
| old 9/16/2014 11:58... File folder
@; ACP style library 1242013 7:56 aM  Analytica model file 1,118 KB
a':]____ Base Conversion Library 9f7/2012 2208 PM  Analytica model file 11KB
ia':':., Bayes function 972012 2:08 PM  Analytica model file G kKB
@; Continuous Distributions 972012 2:08 PM  Analytica model file 9 KB
@; Distribution Densities 9/22/2014 9:05 AM  Analytica model file 32KB
i"Z!.— Distribution Variations 9f7/2012 2208 PM  Analytica model file 23KE
ia':':., Expand Index 972012 2:50 PM  Analytica model file G kKB
@; Financial Library 4/1/2015 12:53PM  Analytica model file 31KE
@; Flat File Library 11/6/2013 3:45 aM  Analytica model file 7KB
i"Z!.— zarbage Bin 9f7/2012 2208 PM  Analytica model file TKEB
ia':':., Linked List Library 972012 2:08 PM  Analytica model file 10 KB
& Multivariate Distributions 11/3/2014 10:33... Analytica model file 35KB
a':]__; QDBC-Library 9f7/2012 2208 PM  Analytica model file 4KB
i"Z!.— Optimization Functions 9f7/2012 2208 PM  Analytica model file TKEB
ia':':., Perfarmance Profiler 972012 2:08 PM  Analytica model file 10 KB
@; Structured Optimization Toals 3/13/2015 449 PM  Analytica model file 4KB

Filz mame:

Files of type:

I['H'quti\rariate Distributions

I.ﬁnal}rtica Madel *.ana)

L Lo




Scatter plots help visualize dependencies

@ Result - Thing2
[ Sample of Thing2

« Set up a scatter plot in the result
window of a variable as dependent

on another. e L

* Click the XY button while in edit - ]
mode. :’; e i

* Check Use another variable. T — | X
® CIiCk Add mmn an |eCt the Variabl From this dialog, select source values to compare on your graph. To create an XY graph, select a

value to use as the horizontal-coordinate. This may be another variable, or it may be a single column of

you want to compare. e “X” or \| = o -
: . Alfter you select sources here, they can quickly be assigned to graphing roles (such as the horizontal axis)
independent variable. \

via pulldown selections in the result window. You must be in edit mode to add or change sources.
* Click OK.
* Use Result/Graph S

show individual points (not
Bars).

Use comparison index

Check ths option if you would like to plot one column of your results
inst another column. From the result window, you specify which
ines the columns - this is called the Comparison Index.

L] to vV Use another variable

The following are other variables that can be assigned to orizontal axis, or other roles, of your
araph. These should share a "common index' with your main resti

Thing1 Thing1

oK Cancel




Ways 1o visualize uncertainty with probabillities

Probability density functions Random sample
0.025
> 0.02 a =
=2 0.015 L =
T2 [ =
23 0.1 [ S
°o / w
o 5m / =
£ (&}
D -}
50 100 150 200 250 300 350 400 450 500
LCOE ($/MWh) .
lteration (Run)
Selected Technology
I Combined Cycle - Efficient (H Frame) 800 MW Selg‘:te". Technology
. . . #» Combined Cycle - Efficient (H Frame) 800 MW
B Solar Photovoltaic (Single Axis) 100 MW = Solar Photovoltaic (Single Axis) 100 MW

Cumulative probability distributions Probability bands or percentiles
® Combined Cycle -
> 2 2 Efficient (H
&5 B0 Frame) 800 MW
el Lo
gL o c ;
=1 o g ﬁ Solar Photovaltaic
oo 2 (Single Axis) 100
MW
100 150 200 250 300 350 400 450 . T T T -
] 50 100 150 200 250 300 350 400
LCOE ($/MWh)
LCOE Box Plot ($/MWh)
Selected Technology Percentiles
[ Combined Cycle - Efficient (H Frame) 800 MW
B Solar Photovoltaic (Single Axis) 100 MW (J1% @ 10% M25% M75% [@90% []99% jpu—

Expert estimates in 2010 for generators built in 2020,



Approaches to express and analyze uncertainty

Compliance wt ]
. Airquality wt |
* S eCIf a ran e IOW Costwt| = [
7 V4 Marine mammals wt

Water quality wt

° ° Benthic resource wt

l I l I d h Ig h Ocean access wt
’ Cost uncertainty

Fish productivity wt
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Lumina Sensitivity, uncertainty

Decision Systems

and Monte Carlo simulation

« Approaches to express and analyze uncertainty

« Exercise: Parametric and importance analysis with TXC model

«  Why treat uncertainty with probability distributions?

- Exercise: The Plane Catching Decision Problem

*  How to create a Chance variable Q & A
« The expected value of including uncertainty (EVIU)

* Monte Carlo and other random simulation methods

- Statistical functions

*  How to select a probability distribution

« Correlated and dependent variables

" P
«Ways to view uncertain quantities O n O |)’hC O
m

visionary odeling



