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Definitions

Uncertainty analysis: F

OCusesS 01l

quantifying the uncertainty in model

output

Sensitivity analysis: The
relative importance of di:

study of the
‘ferent input

factors on the mode.

- output
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European Commission, 2015
Office for the Management and Budget, 2006

Environmental Protection Agency, 2009

EPA, 2009, March. Guidance on the Development, Evaluation, and Application of Environmental Models.
Technical Report EPA/100/K-09/003. Office of the Science Advisor, Council for Regulatory
Environmental Modeling, http://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1003E4R.PDF, Last accessed
December 2015.

EUROPEAN COMMISSION, Better regulation toolbox, appendix to the Better Regulation Guidelines,
Strasbourg, 19.5.2015, SWD(2015) 111 final, COM(2015) 215 final, http://ec.europa.eu/smart-
regulation/guidelines/docs/swd_br_guidelines_en.pdf.

OMB, Proposed risk assessment bulletin, Technical report, The Office of Management and Budget's —
Office of Information and Regulatory Affairs (OIRA), January 2006,
https://www.whitehouse.gov/sites/default/files/omb/assets/omb/inforeg/proposed_risk_assessment_bulleti
n_010906.pdf, pp. 16—17, accessed December 2015.



European

Commissian

Better Requlation

TEsSon ) Detier Reguston ) Guideines

Stakeholder consultations

Roadmaps / Incepon impact
Assessments

Impact Assassment
Evalugiion
Regulatory Scrufiny Board
Guidetines

Betler Raguiation Guidelines

Bettar Regulation Toolbax
Key decuments

Better Regulation Guidelines

These quidelines explan what Befier Regulation is and how @ should be apphiedin the day
1o day prachices when preparing new inliatives and propasals or managing exsting
policies and legislation

They cover the whole policy cycle. from policy preparation and adopion to implementation
and apphication, 1o evaluation and revsion of EU law. For each of these phases thers are a
number of Better Ragulation principles, chjedives, 1ools and procedures 1o make sure that
the EU has the bestrequlation possibie. Thess ralate to planning, impact assessment,
siakeholder consultation, implementation and evaluation

The Better R2qulztion Guidelnes are stuciured into chapiers which cover each of the
instruments of the law-making process. The corresponding tooidox gives more dedailed
andfechnical infeemation

Befer Reguiation Guideines are based on the outcomes of public consuliation exerises
camedoutin 2013 and 2014

fhe revision of the Cemmission’s Impad Assessmend

Public consuitation of

Guigslines

v Stakehoider Consufiation Guidelinas

yEation on the draft Commission Evaluation Policy G
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errors

engineer's vision of UA, SA

Resolution levels model structures

Simulation

uncertainty analysis

output sensitivity analysis

N
-

feedbacks on input data and model factors




One can sample more than just factors:
« modelling assumptions,

* alternative data sets,

* resolution levels,

* scenarios ‘-



Assumption Alternatives

Number of indicators = all six indicators included or

one-at-time excluded (6 options)

Weighting method = original set of weights,

= factor analysis,

= equal weighting,

= data envelopment analysis
Aggregation rule = additive,

= multiplicative,

= Borda multi-criterion



Space of alternatives

Weights Missing data
Aggregation Pillars
Including/ Normalisation

excluding variables

60

50—

40—

30—

10—

Country 1

Country 2

Country 3
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Why sensitivity
analysis



EVIDENCE, "Are the results from a
etive g Partciiar model more
THE POLICY sensitive to changes 1n the
PROCESS model and the methods used
to estimate 1ts parameters, or

to changes in the data?"

By
6\'&\\1 »
D

- SA can tell Qo oa\ﬂs‘g



Error

Model Inaccuracy

Systematic bias
Measurement Error

Model Complexity

Presented as ‘Conjecture
by O'Neill’

In M. G. Turner and R. H. Gardner,
“Introduction to Models” in Landscape

Ecology in Theory and Practice, New
York, NY: Springer New York, 2015, pp.
63—9b.



Also known as Zadeh’s principle of incompatibility,
whereby as complexity increases “precision and
significance (or relevance) become almost mutually
exclusive characteristics”

[.. Zadeh, “Outline of a New Approach to the Analysis of Complex Systems

and Decision Processes,” IEEE Trans. Syst. Man. Cybern., vol. 3, no. 1, pp.
28—44, 1973.



Model error

Model
iInadequacy
error

SA can help to find
this minimum

Model error

Propagation
error

Model complexity




Model-based knowing i1s

conditional; SA explains this
conditionality



SA can detect garbage 1n
garbage out (GIGO)



Funtowicz & Ravetz’'s GIGO (Garbage In, Garbage
Out) Science “where uncertainties in inputs must be
suppressed least outputs become indeterminate”

H

Leamer’s “Conclusions are judged to be sturdy only
1f the neighborhood of assumptions 1s wide enough to
be credible and the corresponding interval of
inferences is narrow enough to be useful”

S. Funtowicz and J. R. Ravetz, Uncertainty and Quality in Science for Policy.
Dordrecht: Kluwer, 1990; E. E. Leamer, “Sensitivity Analyses Would Help,” Am.
Econ. Rev., vol. 75, no. 3, pp. 308-313, 198b.



Global Environmental Change 20 (2010) 298-302

Contents lists available at ScienceDirect

Global Environmental Change - 3 v i

FI SEVIER journal homepage: www.elsevier.com/locate/gloenvcha - e

Sensitivity analysis didn’t help. A practitioner’s critique of the Stern review

Andrea Saltelli *, Beatrice D’Hombres

Joint Research Centre, Institute for the Protection and Security of the Citizen, Ispra, Italy




The case of Stern’s
Review — Technical
Annex to postscript

Nicholas Stern, London School
of Economics

Stern, N., Stern Review on the Economics of Climate
Change. UK Government Economic Service, LLondon,
William Nordhaus, Www.sternreview.org.uk.

University of Yale . . | |
Nobel ‘Economics’  Nordhaus W., Critical Assumptions in the Stern Review

2018 on Climate Change, SCIENCE, 317, 201-202, (2007).


http://www.sternreview.org.uk/

How was 1t done”? A reverse
engineering of the analysis

Missing points
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Finding all sorts of surprises



‘ Statistics
"0 Society

J. R. Statist. Soc. A (2013)
176, Part 3, pp. 609-634

Ratings and rankings: voodoo or science?

Paolo Paruolo

University of Insubria, Varese, Italy

and Michaela Saisana and Andrea Saltelli 3OS
X0
European Commission, Ispra, Italy 6606\&'\5
< S
QY



Cornell University

arXiv.org > stat > arXiv:1401.5617

Statistics > Computation

Exploring Hoover and Perez's experimental designs using global sensitivity
analysis

William Becker, Paolo Paruolo, Andrea Saltelli

(Submitted on 22 Jan 2014)

This paper investigates variable-selection procedures in regression that make use of global sensitivity analysis. The approach is combined with
existing algorithms and it is applied to the time series regression designs proposed by Hoover and Perez. A comparison of an algorithm
employing global sensitivity analysis and the (optimized) algorithm of Hoover and Perez shows that the former significantly improves the recovery

rates of original specifications. ff
. (ALY
° ° po \‘q\'
Being revised for Journal of 0

Time Series Econometrics P o



Why using
variance—based
sensitivity analysis
methods



Advantages with variance based methods:

 graphic interpretation scatterplots
e statistical interpretation
« expressed plain English
e working with sets
* relation to settings such as
factor fixing and factor prioritization




Without forgetting other methods

« Moment independent
« Shapley coefficients (also for correlated inputs)

Risk Analysis / Volume 31, Issue 3

@ Full Access

Moment Independent Importance Measures: New Results and Analytical Test

Cases
Emanuele Borgonovo &, William Castaings, Stefano Tarantola

First published: 10 November 2010



---forgetting Morris ---

Computer Physics Communications 182 (2011) 978-988

COMPUTER PHYSICS
COMMUNICATIONS

Contents lists available at ScienceDirect

Computer Physics Communications

www.elsevier.com/locate/cpc

From screening to quantitative sensitivity analysis. A unified approach

Francesca Campolongo *, Andrea Saltelli, Jessica Cariboni

Joint Research Centre, Institute for the Protection and Security of the Citizen, Ispra, Italy



Limit of SA: The map i1s
not the territory



Orrin H.
Pilkey

Useless Arithmetic: Why Environmental
Scientists Can't Predict the Future

G by Orrin H. Pilkey and Linda Pilkey-
jtif'f,'‘if'i,.""l.‘,fh"”‘3"‘3 Jarvis, Columbia University Press,

S 2009.

SR e > Fiene




" <<t is important to recognize that the
sensitivity of the parameter in the
2 "f'-‘f','f’f”"w ¥ cquation 1s what 1s being determined, not
B | {he sensitivity of the parameter in nature.

useless anthmettc

|-+ ] If the model is wrong or if it is a
poor representation of reality,
determining the sensitivity of an
individual parameter in the model 1s a
meaningless pursuit.>>



One of the examples discussed concerns the Yucca
Mountain repository for radioactive waste. TSPA
model (for total system performance assessment)

for satety analysis.

TSPA 1s Composed of 286 sub—-models.

uselessarithmetic

Wiy Enrviearoenial Scloatists - -

o O 2 g L S




# .  TSPA (like any other model) relies on
use,essamhmehc assumptions = one is the low

W?qr Im«wme»u ,d«nm

-~ permeability of the geological formation
- 1 > Jong time for the water to percolate
from surface to disposal.




useless arithmetic

Wy Errvineroesial Schotists -~
L TG PRGN I Fiee

Evidence was produced leading to an upward revision

of 4 orders of magnitude of this parameter
(the 36C1 story)



In the model a range of 0.02 to 1
millimetre per yvear was used for
percolation of flux rate.

-+ SA useless if it 1s instead ~
3,000 millimetres per year.



“Scientific mathematical modelling
should involve constant efforts to
falsify the model” S

(Pilkey and Pilkey-Jarvis) ffkisf,olfb '"‘T?"C

o = O $‘f~6‘ lafu'm

Organized Skepticism — all ideas
must be tested and are subject to
rigorous, structured community

scrutiny.




Communalism - the common ownership of scientific 1"
according to which scientists give up intellectual pr
exchange for recognition and esteem (Merton actus
term Communism, but had this notion of communali
Marxism);

Universalisi ruth 2
terms of un ( l \ D O S not o
race, class,

Disinterestedness — according to which scientists at Robert K.
acting in ways that outwardly appear to be selfless; Merton

Organized Skepticism — all ideas must be tested and are subject to
rigorous, structured community scrutiny.



Limit of SA: Often no SA ©a
conflated with UA e.g. in economics) O
one—factor—-at—a—-time SA
seen 1n the literature



Environmental Modelling & Software 25 (2010) 1508—1517

Contents lists available at ScienceDirect

Environmental Modelling & Software

journal homepage: www.elsevier.com/locate/envsoft

How to avoid a perfunctory sensitivity analysis

Andrea Saltelli*, Paola Annoni

Joint Research Center, Institute for the Protection and Security of the Citizen, via E.Fermi, 2749, Ispra VA 21027, Italy
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OA'T 1n 3 dimensions

-,_/‘
/)

/I Volume sphere /
' volume cube =?

~1/2



http://images.google.it/imgres?imgurl=http://yaroslavvb.com/research/reports/curse-of-dim/pics/sphere.gif&imgrefurl=http://yaroslavvb.blogspot.com/2006/05/curse-of-dimensionality-and-intuition.html&h=287&w=265&sz=11&hl=it&start=3&um=1&tbnid=WwtgUyNpRPBdwM:&tbnh=115&tbnw=106&prev=/images?q%3Dcurse%2Bdimensionality%26um%3D1%26hl%3Dit%26rls%3DGGLD,GGLD:2004-34,GGLD:it%26sa%3DN

OAT 1in 10 dimensions; Volu
here / volume ten di
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me
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Environmental Modelling & Software
Volume 114, April 2019, Pages 29-39

ELSEVIER

Why so many published sensitivity
analyses are false: A systematic review of
sensitivity analysis practices

Andrea Saltelli » ® & &, Ksenia Aleksankina €, William Becker 9, Pamela Fennell &, Federico
Ferretti ¢, Niels Holst f, Sushan Li &, Qiongli Wu "



A systematic review of 230 scientific papers

mentioning sensitivity analysis, focusing on highly
cited works

42% of highly cited papers present a SA of poor
quality



[Literature search in Scopus

Query: “sensitivity analysis’ & “model/modelling”
& “uncertainty’; yvears 2012-2017; journal
articles; in English

=» 6000 articles



e AgrBioSci (Agricultural and Biological Sciences)
¢ BiochemGenMBio (Biochemistry, Genetics and Molecular Biology)

e BusManAcc (Business, Management and Accounting)

e Chemi (Chemistry)

e ChemEng (Chemical Engineering)

e CompSci (Computer Science)

® DecSci (Decisional Science)

e EarthSci (Earth and Planetary Sciences)

¢ EconFin (Economy and Finance)

® Energy (Energy) subject areas >100 articles
¢ Engineering (Engineering)

e EnvSci (Environmental Science)

¢ ImmunMicrobio (Immunology and Microbiology)
e MatSci (Material Science)

e Math (Math)

e Medicine (Medicine)

e PharTox (Pharmacology and Toxicology)

¢ PhysAstro (Physics and Astronomy)

® SocSci (Social Science)



Taking the top twenty most—cited papers in each
subject areas:

= 324 articles, divided among authors

Cleansing manually irrelevant articles:

=» 230 articles



ImmunMicrobio 4
MatSci 4
CompSci+
Engineering -
BiochemGenMBio +
PhysAstro 4
AgrBioSci 4
Math -

SocSci

Chemi+
ChemEng 4
DecSci 4
EnvSci+

Energy 4
Medicine 4
EconFin+
EarthSci+

BusManAcc o

PharTox +

SA method

Still many papers
apply an OAT SA:

60%



What if the model 1s truly linear?

Linear 7%
Nonlinear 61 %

Unclear 32%



Linear 7%
Nonlinear 61 %
Unclear 32%

05% highly cited articles are OA'T

Taking all unclear = linear = still

over 20% ot papers wrong
(OAT & non-linear model)



Why?

5. Discussion

5.1. Reasons for bad practice



Why? = 1. Modelling as a craft

decoding

¥\

Natural
system

Roert osen

Formal
system

"

encoding

u

TET[[S0E



Why? = 2. Each discipline going about
modelling on 1its own separate way,

pockets of SA practitioners (out of our 280

papers, 35 were methodological, of which 24 suggest
global SA)




Why? = 3. Good practices require
training in statistics




Why? = 4. More time 1s needed;
researchers tend to emulate methods
found in highly cited papers
(assuming that they are best practice)




Why? 5. Unlike statistics,

modelling 1s not a discipline -



- mathematical modelling cannot do this:

A \ \ ' i
W ' STATISTICAL ASSOCIATION
Prnmnnng rhn Pr‘trrurn and Prnfp«mn of Statistics

732 North Washington Street. Alexandria, VA 22314 « (703) 6841221 « Toll Free: (388) 231.3473 « wiww,omstar.org * www twitter comAmtarNens

AMERICAN STATISTICAL ASSOCIATION RELEASES STATEMENT ON

STATISTICAL SIGNIFICANCE AND P-VALUES

Provides Principles to Improve the Conduct and Interpretation of Quantitative

Science
March 7, 2016

Wasserstein, R.L. and Lazar, N.A., 2016. ‘The ASA's statement on p—values:

context, process, and purpose’, The American Statistician, Volume 70, 2016 -
[ssue 2, Pages 129-133.



Why? =» 6. More time 1s needed; though

mature global sensitivity analysis methods around for

more than 25 yvears researchers tend to
emulate methods fo

papers dass

ind in highly cited

1iming t

nat they are best

practice



Why? = 7. Strategical reasons: global SA
1s bad if one wants to play the uncerta

game, inflating or deflati

Instrumen

Inty
'1ng uncertainti
rally

CS

Interested? Come to our ‘Numbers for policy school in
November 18-20, here 1n Castelldefels
https://www.uib.no/en/svt/127988/numbers—policy—

practical—-problems—quantification with Samuele LLo Piano,

Jeroen van der Sluijs and myself.


https://www.uib.no/en/svt/127988/numbers-policy-practical-problems-quantification

Solutions? 1. Statist

takes responsi

me

o111

1IcS as a discipline
'y for statistical

Nnoda

s for

model validation and verification

Nrﬁ

Example: who can authoritatively suggest

to modellers not to overinterpret results
form multi—-model ensembles?



IN SCIENCE AND TECHNOLOGY

«VOL. XXXI1, NO. 3, SPRING 2015

Climate Models as Economic
Guides: Scientific Challenge or
Quixotic Quest?

BY ANDREA SALTELLI, PHILIP B. STARK, WILLIAM BECKER, PAWEL STANO



INWIEN

IN SCIENCE AND TECHNOLOGY

Climate Models as Economic
Guides: Scientific Challenge or
Quixotic Quest?

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

A plea against audacious
risk or cost—benefit
analysis running over
centennial time

scales; example: crime
rate as modified by
climate change at US
county level in 2100



Solutions? 2. Learn from what happens in

statistics where the p—test crisis 1s being
tackled head on




SIGNIFICANC

Business Culture Politics PRACTI CE

Cargo-cult statistics
and scientific crisis

The mechanical, ritualistic application of statistics is contributing to a crisis in
science. Education, software and peer review have encouraged poor practice -
and it is time for statisticians to fight back. By Philip B. Stark and Andrea Saltelli



Solutions? 3. Use models via negativa

Nassim Taleb, Black
Swan, Antifragile,---



“models are most useful when they are

used to challenge exist:

ing formulations,

rather than to validate or verify them”

Naomi
Oreskes

N. Oreskes, K. Shrader—Frechette, and K.

Belitz, “Verification, Validation,

and Confirmation of Numerical Models in the Earth Sciences,” Science, 263,

no. 147, 1994.



[Lessons for sensitivity analysis

(Global SA

UA and SA coupled
Purpose— & context—specific
The map 1s not the territory

Model error

Memento

Model
inadequacy
error

Model error

Propagation
error

G



Ninth International Conference on
Sensitivity Analysis of Model Output

Fauls Rego. Self partralt In req (1902), 02tall MNAC, Barcaiona
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. Watch out for two special 1ssues:

940 fa

Reliability Engineering and System Safety

(RESS)

(Guest editors: Bertrand Iooss and Bruno Sudret

Environmental Modelling and Software (EMS)

Guest .

Hditors: Saman Razavi, Andrea Saltells,
Quionglit Wu and Tony Jakeman



Bevond sensitivity
analysis: sensitivity
auditing



Sensitivity auditing
EC guidelines on impact assessment 2015, and
SAPEA report 2019

SATPEA

wirnoe Adeioe for Splry &y Luropest Arademore



IN SCIENCE AND TECHNOLOGY

¢« VOL. XXX, NO. 2, WINTER 2014

When All Models Are Wrong

BY ANDREA SALTELLI, SILVIO FUNTOWICZ




The rules of sensitivity auditing

1. Check against rhetorical use of

mathem

atical modelling;

2. Adopt an “assumption hunting  attitude;
focus on unearthing possibly implicit

dSSUITIP!

'10NS;

3. Check 1.

- uncertainty been

instrumentally inflated or deflated.



. Find sensitive assumptions before these

find vou; c

o0 your oA before publishing;

. Aim for transparency; Show all the data;

right;,

. Perform a
analysis.

. Do the right sums, not just the sums

proper global sensitivity



v nature —2 \\"M

COMMUNICATIONS

Comment I Open Access ‘ Published: 27 August 2019

A short comment on statistical
versus mathematical modelling

Andrea Saltelli



Is there a broader problem
atfecting different instances of
quantification?



“what qualities are specific to
rankings, or indicators, or models,
or algorithms?”

E. Popp Berman

Popp Berman, E. & Hirschman, D. The Sociology of Quantification: Where
Are We Now? Contemp. Sociol. 47, 257-266 (2018).



Algorithms, models, metrics, statistics
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useless arithmetic

PR
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A
/ // ﬂ ‘ \\ \ Orrin H. Pilkey & Linda Pilkey-Jarvis

Common root causes?



Theodore M. Porter
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LEN TR, MNorsk
|I i _| UNIVERSITY OF BERGEN Education Research Library Forstudents Foremployees About UiB ™ e

Centre for the Study of the Sciences and the Humanities

Ethics of quantification

2019 Symposium of
the UIB Senter for
vitenskapsteorti,
iON December 5 and 0,
Bergen, opening talk
by Theodor Porter
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