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&) croneein Simple Answers about Complex Systems

* Model to learn how to influence complex systems of national or
global scale

* Public policy is vehicle for influencing large complex systems

* Policy people want simple answers to complex questions
— How to nudge the system toward good outcomes

— How to avoid pushing the system to catastrophic failure
modes

— How risky is each option

* Different levels of focus characterize complexity modelers and
policy people.

* Uncertainty analysis sometimes helps provide metrics and
Information to bridge the gulf
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&) v Routine Uncertainty Analysis as
Due Diligence

* Create design of experiment to answer the question efficiently
* Run the model many times with different inputs.

* Perform Sensitivity Analysis (SA) to determine which inputs
have the most effect on outputs

* Run uncertainty quantification (UQ) to identify sources of model
uncertainty and how best to reduce it

* Run statistical significance tests to gauge reliability and quality
of study results

* Repeat until satisfactory levels of confidence reached.
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CAS0S

D) cogncering Simple Sensitivity Analysis

* Parameter sweeps ”
— Run model many times 'z~
— Vary single model input |
while holding all others s | I T ——
fixed
— Plot output vs. each input seterpiotman _
* Pros:
— Fast to set up o
— Easy to interpret B
* Cons:
— Takes a lot of runs e
— Ignores interactions § o SRR R
— Only looks at small portion oo | H E ee] el e
of parameter space. e e a e s
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CASOS Meta-modeling for Sensitivity Analysis

Engineering

Far fewer model runs needed (~1%)

More flexible and stable estimates

Determine interaction effects CessThreshold  MeanTolerance

0.4 i
& 045 . 035

Fast, approximate model results for
input combinations that weren’t run

Best bets: Gaussian process, radial
basis functions , adaptive splines,
and polynomial chaos expansion

Model Report

Total
Column Theta Sensitivity Main Effect
sensitivity 0.007127% 0.0013994  0.0007988
hMid 1.0880024 0.2295383 0.1078837
pFill 1.111107 08873233 0.7630665
IFull 0.1427269 0.0059568 0.0035089

consumptionTime  0.0010747 0.0000354  0.0000056
productionTime 8.7114e-5 1.0103e-6  2.6351e-9
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*‘E) s Best Practices for Uncertainty Analysis of
Complex Models

« Define policy inputs as numerical ranges rather than
categorical choices whenever possible

 Run simple parameter scans to get a feel for effects

* Run near-orthogonal Latin hypercube space-filling design
on small sets of runs (n = ~200)

« Document sensitivity and interactions with meta-models
* Trace uncertainty from sources to results
* Apply uncertainty to rank policy options

e Look for interesting peaks and troughs in state space and
distributions

* Use uncertainty to guide further refinement
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Pandemic Influenza Case Study:
Communicate Modeling Results
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Effective, Robust Design of Community Mitigation for
Pandemic Influenza: A Systematic Examination of
Proposed US Guidance

Vietoria L Davey'=™, Robert L Glass®™, H. Jason Min®, Walter E Beyeler®, Laura M. Glass*
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Interim Pre-pandemic Planning Guidance:
Absract Community Strategy for Pandemic Influenza
et o B e ety bl ot st s s byl ok St o e Mitigation in the United States—
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Background

Human inflenzm pendemics of unpredicnhle severity and
comsequence are considered ineviiable. Seudies using comm -
tiomal madels have svamined roles of horder conmolks, intemnal
travel rearictions, meument and prophylavis with andvirak,
alafion of cases, quaranine of howehold members, schoal
chosure, and partially efecive vacrine an limiing owhreak sizes
[1-7]. C#hers have madeled 2 pandemsic at lar ge scale eher from
2 source in SE Asia (9], ar within the US ar Great Brimin

'-'@'. PLas ONE | wawpinsans o

[1,11] in arder & describe effecs of vacdnation, choal cheures,
and volmery or impaed pardal or stal communiy member
quarantine. Sill athers have focuwed at the community scale @
mmider cmmumity conminment opams [12-14]. The findings
fam these and other large and small scale simudation studies
mderpin the 1S govemnment’s fuiedn  Feponton

Plsming
Cuidme Commseniy Sraigy fir Pandanic Ieflumza Misigatise i the

Uil St [15].

Yet, these studies have explored the influence of mitigation
smategies through 2 limied set of defining wenaris. Many
quesians are left imanavered: Which cambinasions of interven-
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e Pandemic study generated
lots and lots of data

TABLE 1: 90% compliance

Combinations with infected attack rate 10% or less are green, 25% t010% are pink

Table 2: Example model run results. Cell values represent mean number of infected

1o Factor CTsd _crssassd scred s crsaassd people from 100 runs. Infectivity=0.75. Compliance=90%
0.75 None 1111
T
0 None A C CA S 5 A 5C S,CA
QT
op 2780 | 1872 | 1111 | 624 221 207 124 119
Q,Pex
Lo N ams T 1560 | 765 373 241 164 150 122 117
T 4111
P e Q 984 562 267 237 178 151 125 141
QT 2823
I P 711 379 217 184 161 138 114 123
Q,Pex 1287
1 e e QT 600 324 218 159 140 132 119 120
Q 4989
S Q,P 329 298 166 160 148 129 121 130
o E 251 208 149 150 146 134 106 111
Q,Pex 2686
T e Q,E 267 187 138 145 122 117 104 108
Q 5986
P 5573
QT 5288 ' . .
AT Table 1: Intervention Strategies
Pex 3967
Q,Pex 3485
o e m oo mmom e Category Intervention
P s Network-Based S Schools closed.
QT 6687 5445 6002 4987 5744 4720 — . N R . .
o wm  aw0  sws asw su1 a0 Network-Based C Social distancing of children and teenagers.
Pex 5233 4020 4611 3559 4144 3156
o QP Ao wme w0 o 2159 S s Network-Based A Social distancing of adults and seniors.
o Case-Based Q Household quarantine.
P 7777 5997 7246 5761 7268 6038 3788 860 . . N
ot o as g0 s Tor7 6051 4429 1765 Case-Based T Antiviral treatment.
QP 7112 5662 6519 5308 6534 5417 3014
S oo R po w08 2058 - Case-Based P Household member antiviral prophylaxis.
o o o rer poo Case-Based E Extended contact prophylaxis
Q 8626 7261 8259 7139 8410 7606 7216 5447
P 8384 6472 7933 6302 8052 6902 5687 1897
QT 8188 6697 7768 6515 7861 6921 6004 3465
QP 7753 6194 7284 5909 7396 6340 4983 1786
Pex 6803 5216 6353 4964 6327 5155 3803 1135
Q,Pex 6276 4906 5832 4561 5758 4663 3124
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« CAsos Scatter plot of pandemic study results shows numbers
e of people infected and variability in model runs
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. Engineering

* Each policy tried on 100 random social
networks

* 2,780 cases expected with no treatment

* Closing schooals is best single option
— Mean = 137 cases
— Moderate variation

* Social distancing is not as effective
— Mean = 987 cases
— Wide variation

* Both policies in conjunction create robust
solution
— Mean = 118 cases
— Narrow variation

* Robust solution:

— Good outcome

— Most stable to uncertainty
Sandia

National
Laboratories
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Desirable Outcomes and Low Variabllity

Characterize Robust Policies
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@ Engineering Re-casting model results
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Engineering Tradeoffs: Effectiveness and Predictability
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Isolating Categories for Layered Interventions
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Number of Rank of . Mean Standard
) ) Intervention . .
Interventions Effectiveness Infected Deviation
1 1 L S 220.5273 133.8141
2 Q. 984.4853 595.5609
3 . 1111.12 586.9511
2 1 CS 124.1364 13.89174
2 T 163.9688 65.28918
3 Q_ S 178.0909 62.91812
3 ACS 118.6429 14.75235
Q_CS 125.1429 24.43471
T CS 121.875 30.07342
4 1 TP___CS 114 13.6504
2 T ACS 116.75 15.32272
3 T _QCS 118.5714 22.619
5 1 TP__ACS 123 1.414214
2 TPE__CS 106 3
3 T__QACS 119.6667 4.163332
6 TPEQ_CS 103.6 2.50998
TPE_ACS 110.75 5.188127
TPEQA_S 116.5 14.47165
7 1 TPEQACS 108.3333 1.527525
Sandia
National -
Laboratories

Rankings by Categories

Behind the scenes
analysis permits
confident
assignment of best
approaches

Simple presentation
helps convey results
In actionable form

Policy makers desire
robust options:
concurrently good
performance and low
risk options

ICCS 2011
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«
E) i Summary

Engineering

* Routine uncertainty analysis of complex system
models

— Which policies can make good changes
— Which policies can create undesirable changes
— How risky is each policy option
* Communication between modelers and policy people is
paramount
— Eyes often glaze over at tables, equations and graphs
— Colorful graphs and 3-d response surface plots work

— Conceptually, uncertainty analysis is easy for many policy
people to grasp, but details are not
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