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Something general about
mathematical modelling



Caeteris are
never paribus



The case of DSGE, dynamic
stochastic general equilibrium
models
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Philip Mirowski

Philip Mirowski, 2013, Never let a serious crisis go wasted, Verso Books.
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An ethical problem 1n
the use of models 1n
economics?



Pau
mat.

Imd

| Romer’s Mathiness = use of
hematics to veill normative stances

E

o

Erik Reinert: scholastic tendencies 1n the

thematization o:

" eCONOMICS

P. M. Romer, “Mathiness in the Theory of Economic Growth,” Am. Econ.
Rev., vol. 105, no. b, pp. 89-93, May 2015.

E. S. Reinert, “Full circle: economics from scholasticism through innovation
and back into mathematical scholasticism,” J. Econ. Stud., vol. 27, no. 4/5,
pp. 364-376, Aug. 2000.



Models have
[1ttle memory



“l---] The process of constructing and
validating [value—at risk ]| models is time
consuming and detail oriented; normally even
the people who produced the model will not
remember many of the assumptions incorporated
into it, short of redoing their work, which means
that the client cannot simply ask then what went

into it.”

E. Millgram The Great Endarkenment, p. 29



Modelling 1s a
cratt more than
a sclence



Modelling as a cratft rather than as a
science for Robert Rosen IFE

ITSELF

A Comprehensive

Decoding /ﬂql{ﬂj/ into the
Nature, Origin,
@mem N F Enta@ and Fabrication
Natural Formal of Life
system system

ROBERT ROSEN

R. Rosen, Life Itself: A Comprehensive Inquiry Into the Nature, Origin, and Fabrication of
Life. Columbia University Press, 1991.



Entailment

What 1s a model ?

Natural
system

F

Formal
system

Entailment
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Can models be
falsified?



“models are most useful when they are

used to challenge existi

ng 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.



PREDICTION
Models are not

physical laws

and the Future of Nature

Edited by Daniel Sarewitz,
Roger A. Pielke, Jr., and Radford Byerly

Oreskes, N., 2000, Why predict? Historical perspectives on prediction in
Earth Science, in Prediction, Science, Decision Making and the future of
Nature, Sarewitz et al., Eds., Island Press, Washington DC



testing, the predictions invo.
must be capable of refuting t
theory that generated them”
(N. Oreskes)




“In many cases, these temporal
predictions are treated with the same
respect that the hypothetic—deductive

model of science accords to .
predictions. But this respect
misplaced”

ogical
1S largely



“[--- ] models are complex amalgam of

theoretical and phenomenological laws (and the governing
equations and algorithms that represent them), empirical input

parameters, and a model conceptualization |- ] When a
model generates a prediction, of what
precisely 1s the prediction a test? The
laws? The input data”? The
conceptualization? any part (or several parts) of the model

might be in error, and there is no simple way to determine which one it is’




Model-based knowing
1S conditional



When models need as input information
which we don't have

John Kay

J. A. Kay, “Knowing when we don’t know,” 2012,
https://www.ifs.org.uk/docs/john_kay_feb2012.pdf




WebTAG: Annual Percentage Change in Car Occupancy

(% pa) up to 2036
Journey T T Weekday T
7am- l1l0am- Weekday Weekend | All Week
Purpose 4pm-7pm 7pm-7am |
10am  4pm  Average
~ Work | -048 @ -04 | -0.62 -0.5 -044 = -0.48 | -0.45
Non - Work
(commuting | -0.67 -0.65 -0.53 -0.47 -0.59 -0.52 -0.56
~ and other) |




Models and their data



€¢

in climate modelling| it looks very little
like our 1dealized image of science, 1n
which pure theory 1s tested with pure
data. [impossible to] eliminate the model-
dependency ot data or the data—-ladenness
of models”

Paul N. Edwards, 1999, Global climate science, uncertainty
and politics: Data-laden models, model-filtered data.



For philosophers Frederick Suppe and
Stephen Norton the blurry model/data
relationship pervades all science

3
Why Atmospheric Modeling Is Good Science

Stephen D. Norton and Frederick Suppe

Changing the Atmosphere: Expert Knowledge and Environmental
Governance, edited by Clark A. Miller, Paul N. Edwards,




Definitions

Uncertainty analysis: Focuses on just

quantifying the uncertainty in model

output

Sensitivity analysis: The study of the
relative importance ot different input

factors on the model output



An

errors

engineer's vision of UA, SA

Resolution levels model structures

Simulation

uncertainty analysis

output sensitivity analysis

feedbacks on input data and model factors J

25



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

v



X11  X12 X1k
X21 X22 X2k
XN1 XN2 XNk

Each column 1s a
sample from the
distribution of a factor
Each row is a sample
trial to generate a
value of y
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Examples of distributions of
input factors



Why Sensitivity analysis?

It 1s 1n the guidelines!



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

ety !
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regulation/

Source: [A Toolbox,
p. 391




Six steps for a global SA:
1.
2.
3.

Ol

4. SENSITIVITY AND UNCERTAINTY ANALYSES
Page 391

Select one output of interest;
Participatory step: discuss which input may matter,

Participatory step (extended peer review): define
distributions;

. Sample from the distributions;
. Run (=evaluate) the model for the sampled values;
. Obtain in this way bot the uncertainty of the

prediction and the relative importance of variables.



Is something wrong with this statement

(p. 38

The 1nfl

4 of .

uence of the key variables

2C guidelines)

should be mvestigated by a sensitivity analysis.

Better Requlation

uation » Guideines

Roadmaps / Inception impact
Assessments

Impact Assessment

Evaluaiion

Regulatory S

¥ Guidelines

y Board

Better Reguiation Guidelnes

Better Regulation Too
Key decuments

Better Regulation Guidelines

These guidelines explain what Betier Regulation is and how & should be applied in the day
1o day practices when preparing new indiatives and proposals or managing existing
policies and legislation.

They cover the whole policy cycle, from policy preparation and adopion to implementation
and appication, to evaluation and revision of EU law. For each of these phases thers are a
number of Belter Regulation principles, objectives, fools and procedures 1o make sure that
the EU has the best regulalion possibie. These relate to planning, impact assessment,
stakeholder consultation, implementation and evaluation.

The Better Requiztion Guidelnes are s¥uctured into chapters which cover each of the
of the law- The 1oolvox gives more detailed
and techical information

Beter Reguiation Guidelines are based on the outomes of public consutation exercises
carmed outin 2013 and 204
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Why Sensitivity analysis?

It can answer interesting
questions



EVIDENCE,
ARGUMENT. &
PERSUASION IN

THE POLICY
PROCESS

"Are the results from a
particular model more
sensitive to changes in the
model and the methods used
to estimate 1ts parameters, or
to changes in the data?"




Why sensitivity analysis?

It 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
if 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 FPolicy.
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, LLondon 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

i
JA
N
SN

<—>\Large uncertainty
J0d
a2 \‘

0

-I\I__-H_H_'_'_‘—'—-—._

IIII 5 1IIII 1I5 ElII 20 30

% loss in GDP per capita



Sensitivity analysis here (by reverse engineering)
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Why sensitivity analysis?

[t allows interesting discoveries



‘ 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



A 10 points participatory checklist
(Jakeman et al. 2006)

Padilla, J. J., Diallo, S. Y., Lynch, C. J., & Gore, R. (2018). Observations on the practice
and profession of modeling and simulation: A survey approach. SIMULATION, 94(6), 493—
506.

Jakeman, A. J., Letcher, R. A., & Norton, J. P. (2006). Ten iterative steps in development

and evaluation of environmental models,. Environmental Modelling & Software, 21(5),
602-614.



Define model purpose

v
» Specify modelling context |e
l Respecify objectives
if necessary

j————a| Conceptualise system, specify data and other prior knowledge

l

—»  Select model features : nature, family, form of uncertainty specification |[¢—
l Reassess
if necessarv

——»| Determine how model structure and parameter values are to be found |e

l

Choose estimation/performance criteria and algorithm

May need to

revisit previous
steps l

b Identify model structure and parameter values

1

Verification including diagnostic testing

Y
Quantification of uncertainty

A |
Model evaluation or testing




é Define model purpose
é_.. Specify modelling context |«

l Respecify objectives
if necessary
I Conceptualise system, specify data and other prior knowledge
Don’t start l
here!
d —»| Select model features: nature, family, form of uncertainty specification |[¢+—
l Reassess
if necessary

———e| Determine how model structure and parameter values are to be found

l

Choose estimation/performance criteria and algorithm

May need to

revisit previous
steps l

»| ldentify model structure and parameter values




l

Identify model structure and parameter values

l

Verification including diagnostic testing

l Too late?

Quantification of uncertainty -

l

Model evaluation or testing




LLimits of sensitivity
analysis



Orrin H.
Pilkey

Useless Arithmetic: Why Environmental
Scientists Can't Predict the Future
e by Orrin H. Pilkey and Linda Pilkey-
jtif'f,'‘if'i,.""l.‘,fh"”‘3"‘3 Jarvis, Columbia University Press,

— 2009.

SRy Predes % Fitend




‘The map 1s not the
territory



e <]t is important, however, 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 anthmetlc

'bymmcu,.omu

"'Cacd‘ W FitEnd

The confidence of the stakeholders in TSPA was not
helped when evidence was produced which could lead
to an upward revision of 4 orders of magnitude of this

parameter
(the 36Cl story)



Type Ill error in sensitivity:
Examples:

In the case of TSPA (Yucca
mountain) a range of 0.02 to 1
millimetre per yvear was used for
percolation of flux rate.

-2+ SA useless if 1t 1s instead ~
3,000 millimetres per vyear.



= = “Scientific mathematical modelling should
& involve constant efforts to falsify the

Wiy Ervirosroesial Schoatists <o

model”

=» Organized skepticism



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

Robert K. Merton
(1910-2003)



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 ar 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.



Where to study
sensitivity analysis?



GIOBAl

SENSITIVITY _ / =
ANALYSIS

The Primer

FWILEY




3

\\ \\\

/

GLOBAL

SENSITIVITY
ANALYSIS

The Primer

$WILEY

i

Available for free at

http://www.andreasaltelli.eu



How 1s 1t done 1n
practice?



l(—Output variable

40

Plotting the output as a function of two
different input factors

Which factor 1s more important?



~ 1,000 blue

points

Divide them
in 20 bins of

~ 50 points

Compute the
bin's average
(pink dots)




€Output variable

M Input variable x;

Each pink point 1s ~ EX | Y|XI
~I



€ Output variable

. _ Input variable x;

Take the variance of
the pink points one V
. S X
obtains a sensitivity
measure

(Ex, (VX))



€ Output variable

Which factor
has the highest

V, (E, (Y[X.))?

| ~I1 I




VX




1
08} Smoothed curve:
0.6t o
EXML (y ‘ L ’&)
04+
0'%.2 oi4 ojs oia X 1
First order V. E- (EKM- (3}’ ;U-;;))

sensitivity index: V ('U)



Pearson’s correlation Smoothed curve

ratio \ /
s Ve (Be, (y | 20)

Si=n

'3' Vi(y)
N

First order sensitivity index o
Unconditional

variance




Vi (Ex, (Y[X,)

First order effect, or top marginal

vari
vari

ance = the expected reduction 1
factor

ance that would be achieved 1if

X1 could be fixed.




Because: V, (Ex~i (Y‘Xi ))+

+E, (Vy (Y]X,)=V(Y)

Easy to prove using V(Y)=

S(Y?)—

(See exercises in the primer)

2(Y)

GLOBAL
SENSITIVITY

ANALYSIS




Because:

Vi (Ex (Y[X, )+
E, Vi, (VX)) =V ()

This 1s the variance when a factor Xi 1s
fixed ---



Because:

Vi (Ex (Y[X, )+
E, Vi, (VX)) =v )

This is what variance would be left (on
average) if Xi could be fixed:-:



-+ then this -

Vi (Ex, (VX )+
E,, Vi, (VX)) =V )

- must be the expected reduction in
variance that would be achieved if
factor Xi could be fixed




For additive models one can
decompose the total variance as a

sum of first order effects

vai (Ex~i (Y‘Xi))zV(Y)

-+ which 1s also how additive
models are defined



Non additive models
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[s this factor non—important?

Iada)
UVJU

Q
“UVJU




There are terms which capture
two—way, three way, -+ interactions
among variables.

All these terms are linked by a
formula



Variance decomposition (ANOVA)

V(Y)=

ZV + > Vi 4.4V

|, j>1



Variance decomposition (ANOVA)

When the factors are independent the
total variance can be decomposed into
main effects and interaction effects up
to the order k, the dimensionality of the
problem.




[f fact interactions terms are
awkward to handle: just the second
order terms for a model with k
factors are as many as k(k=1)/2 -

(10 factors=45 second order terms)



Wouldn't it be handy to have just a

sSing.

e ‘impor

ncle

ance’ terms

or all effects,

sive of fi

rst order anc

Interactions?



In fact such terms exist and can be
computed easily, without knowledge of
the individual interaction terms



Thus given a model Y=f(X;,X,,X;)

Instead of Or — divided by V
V=V, + Vot Vot 1551F 5o o5t
+V o+ Vit Voot T S0t Sigt Soat

+ S
T V123 123



We have:

SO Ot O3t D103

(and analogue formulae for Stg, Sts)
which can be computed without
knowing Sy, Sio, Sya, D199

> 1S called a total effect
sensitivity index




E, Vs (7]X)

Total effect, or bottom marginal variance=

= the expected variance that would be left 1f

all factors but Xi could be fixed (sel:
definition )

- evident



_EW(vx.)




What 1s the shortcoming of S+




Coding St and S, yourself?

Use this work:

Saltelli, A., Annoni, P., Azzini, [., Campolongo, F., Ratto, M.,
Tarantola, S., 2010, Variance based sensitivity analysis of
model output. Design and estimator for the total sensitivity
index, Computer Physics Communications, 181, 259-270.

http://www.andreasaltelli.eu/file/repository/PUBLISHED_PAPER.pdf



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




How to generate
the random sample?

Quasi random
sequences

developed by [.M.
Sobol’
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x[1:1000, 2]

1.0

0.8

0.6

04

0.e

0.0

=
— . “u - —
a
L &g o % ] ] ) L
=" o .
™~ . S
a
— i Ei w "% % % - o
o g L] =
L] 7o . o ] o
CE.
P L kS “a & L .
a
a - o
_ 2 R o8 . @
"
% &8 o e e - ™ e . =
- - " B
] i . . . ™ [ ]
- "2 F
A Y & oy s g ® E % T
+
— a a = =
3 E ) , ah B P
a
o % a o T " % -
. B 0 o
o o f
— - % : u- g = o A & o . o
g n o =
‘ h a a &
LY . b "l b - % o
a
—] - L
=
I I I I I I =
0.0 0.z 0.4 0.6 0.4 1.0

X1,X2 plane, 1000 Sobol’ points

Sobol’ sequences
random points

X1,X2 plane, 10000 Sobol’ points
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X[1:10000, 2]

0.4 1.0
l

0.6

W[1-10000. 7]

0.4

0.z

n.a

X1,X2 plane, 10000 Sobol’ points X1,X2 plane, 10000 random points

Sobol’ sequences of quasi—-random points
against random points



Why quasi—random:
they have faster
convergence

Sergel Kucherenko,
Imperial College LLondon

Kucherenko S., Feil B., Shah N., Mauntz W. The identification of model
effective dimensions using global sensitivity analysis Reliability
Engineering and System Safety 96 (2011) 440-449.



’iﬁt 4 QMVC (-0.94)
8 aMC (-0.52)

k=1

_ 1/2
&= (K Z(f[f]—fk[f])z)

n . l

> (=1 11 Xj

=1 j=1
Error=numeric-—
versus—analytic
value the integral
of the function (for
n=360) over its
dominion.

Root mean square error over K=50 different trials.



Secrets of
sensitivity analysis



Why should one

ever run a model
just once”



Better Regulation

European Commession ) Betier Reguistion ) Guideines

hrves | Stemap| Avout this sde | Lege 201

<C 1mpact assessment guidelines:
sensitivity analysis & auditing

PR R
| English (en) r

¢ | Contact| Searc

Home
REFIT
Stakeholder consultations

Roadmaps / Inceplon impact
Assessments

Impact Assessment
Evaluaion
Regulatary Scrutiny Board
Guidelines

Better Raguiation Guidelnes

Better Ragulation Toolbar"
Key decuments

Better Regulation Guidelines

These guidelines explan what Betier Regulation is and how # should be appliedin the day
1o day practices when preparing new indialives and proposals or managing existing
policies and legisiation

They cover the whole policy cycle. from policy preparation and adopion to implementation
and apphication, to evaluation and revision of EU law. For each of these phases there are a
number of Better Regulation principles, objectives, 1ools and procedures fo make sure that
the EU has the bestregulaion possitie. These relate to planning, impact assessment,
stakeholder consultation, implementation and evaluation

The Better Requlation Guideines are stuchured into chapiers which cover each of the
instruments of the law-making process. The comesponding tooloox gives more detailed
andfechnical infoemation

Befer Reguiation Guidelines are based on the outcomes of public consultation exsrgises
camed outin 2013 and 2014

suitation on fhie revision of the Cemmissig

Last update: 11062015 | Leqnl notice | Cooties | Contact | Search| T

[Seafch "T]

Stay connected

Find what you wanted?

Yes ' No

What were you looking for?

l ]
Any suggestions?

I |

http://ec.europa.eu/smart-regulation/guidelines/docs/br_toolbox_en.pdf



First secret: The most important
question 1s the question.

Or: sensitivity analysis is not ‘run’
on a model but on a model once
applied to a question




Second secret: Sensitivity analysis should not
be used to hide assumptions

it often is]

i W
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We're going to need a biger rug !



Third secret: If sensi

tIvity

analysis shows that a ¢
cannot be answered by t
one should find another
or model

uestion
he model
question

[Often the love for one’s own model

prevails |



Fourth (badly kept) secret:

There 1s always one more bug!

=L.ubarsky's Law of Cybernetic Entomology




Fifth secret: use SA to calibrate complexity

Model error

Model error

Model inadequacy Propagation error
error

Model complexity



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.



Lofti Aliasker Zadeh

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. 2844, 1973.



Model error

Model
iInadequacy
error

SA can help to find
this minimum

Model error

Propagation
error

Model complexity




Sixth secret:

With SA it 1s easier to disprove than to prove,; use
SA ‘via negativa’:

Doing the right thing
or

Avoiding something wrong?




And of course please don’t run a sensitivity
analysis where each factors has a 5%
uncertainty




(?




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 "



HOWYW "T'O

LIE WITH
Can we say that one OV Y CHN (I

l1es Wl::h sensitivity Darrell Huff
analysis as one can
[te with statistics?




Limit of SA: Often no SA ©a

conflated with UA e.g. in economics) O
one—factor—at—a—-time SA



Why is OAT (one-factor—at-
a—time) SA so bad?



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
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How would vou test the scatfolding?

How to shake coupled

How coupled ladders are ladders e or Uty
shaken in most of available THE
literature F;LA\’V
; AVERAGES
~ 5 HE ———
\“w{"_ W !




[Literature search in Scopus

Query: “sensitivity analysis’ & “model/modelling”
& “uncertainty’; vears 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% of papers wrong
(OAT & non-linear model)



Why?

5. Discussion

5.1. Reasons for bad practice



Why? = 1. Modelling as a craft

decoding
€ >
= Natural Formal o,
g system system g
@ =

N

encoding



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

pockets of SA practitioners (out of our 280

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




Why? = 3. Mathematical 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.



Need for a more structured, generalized
and standardized approach to verification

Padilla, J. J., Diallo, S. Y., Lynch, C. J., & Gore, R. (2018). Observations on the
practice and profession of modeling and simulation: A survey approach.
SIMULATION, 94(6), 493-506.



Why? = 4. Good practices require
training in statistics




Why? =» 5. More time 1s needed; though

mature global sensitivity analysis methods around for

more than 25 yvears researchers tend to
emulate met.

papers assi

nods fo

1ind 1in highly cited

1ming t

nat they are best

practice



Why? = 0. Strategical reasons: global SA
1S bad 1f one wants to play the uncertainty
game, Iinflating or deflating uncertainties
instrumentally




Solutions? 1. Statist

takes responsi

me

o111

1IcS as a discipline
'y for statistical

Nnoda

s for

model validation and verification

171

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




Throw away
the concept of

statistical

significance?
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namre

International journal of science

COMMENT - 20 MARCH 2015

Scientists rise up against statistical significance

Valentin Amrhein, Sander Greenland, Blake McShane and more than 800 signatories call for an
end to hyped claims and the dismissal of possibly crucial effects.

Valentin Amrhein B, Sander Greenland & Blake McShane

See the discussion on the blog of Andrew Gelman https://statmodeling.stat.columbia.edu/



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



[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



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

\...\1.. Ly . .
\ WEAPONS 0F/ B 2=
S MATH DESTRUCTION” | | TYRANNY

useless arithmetic

PR
- E.!.’ﬂ T Why Environmenta | Scientists ‘ o F IlIII
s _— ; . Can’t Predict the Future o @~
.X. . | o w HOW SLOPPY SCIENCE
[~ L L, e METR'BS W CREATES WORTHLESS "., ,\
lllllllllllllllllllllllllll \ =
..................... = OO = CURES, CRUSHES HOPE
7 EATHY ulNE'l ~ ; v ‘ ‘ o7 L * * * * ‘A’ = AND WASTES BILLIONS
/ ....................... \ . < JERRY Z. MULL RICHARD HARRIS

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

Common root causes?



Thecodore M. Porter

\lamn Supiol

l.a Gouvernance
par les nombres
I Fre& FPurLarssa

2002.2014% .
something from
sociology of

S e I numbers?
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Do we need a movement
of resistance?

[. Bruno, E. Didier, and J. Prévieux, Stat—
activisme. Comment lutter avec des

nombres. Paris: Zones, La Découverte, ;OMMENT LUTTER
2014 - Al \iu'i-'m-rz-:ml




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
of Theodor Porter

Photo: 123RF



'The End

@andreasaltelli Q




IFT'heodore M, Porter

SUMEY
[Theodor — WHHTIVINDY

Obhjectrtivity

Theodore M. Porter, Trust in Numbers,
The Pursuit of Objectivity in Science and Public Life, Princeton 1995



p. 8. “The appeal of numbers is especially RUSTIN
compelling to bureaucratic officials who lack
the mandate of a popular election, or divine
right.

Arbitrariness and bias are the most usual
grounds upon which such officials are criticized.

A decision made by the numbers (or by explicit
rules of some other sort) has at least the
appearance of being fair and impersonal.”



p. 8: “Scientific objectivity thus
provides an answer to a moral
demand for impartiality and fairness.

TRUST [N
HUmRcH

oy Quantification 1s a way of making
decisions without seeming to decide.

Objectivity lends authority to officials
who have very little of their own.”



Trust, authority and styles of quantification: two different stories

US Army Corps
of Engineers.

—

| ENGINEERS




Porter’s story: Quantification needs judgment which
In turn needs trust ---without trust quantification
becomes mechanical, a system, and ‘systems can
be played’.

r WE CLEAR THE |
f o

| ENGINEERS




R
Charles Goodhart

p. 44 “Any ‘- measures necessarily
involve a loss of information -+ [and
distorts behavior]” (Porter, 1995)

This is what we normally call Goodhart’s
law, from Charles Goodhart. "When a
measure becomes a target, it ceases to
be a good measure."

Also known as Campbell's law (1976);
https://en.wikipedia.org/wiki/Goodhart%27s_law



https://en.wikipedia.org/wiki/Goodhart%27s_law

For Ravetz (1971, pp. 295-296), when the goals of a
task are complex, sophisticated, or subtle, then crude
systems of measurements can be played exactly by
those persons possessing the skills to execute the
tasks properly, who thus manage to achieve their own
goals to the detriment of those assigned.

Ravetz, J.R., 1971, Scientific Knowledge and Its Social Problems, 1996
Edition, Transaction Publishers. See plenty of examples in Muller, J.Z.,
2018, The Tyranny of Metrics, Princeton.



| More reading

of il

METRIBS W J. Z. Muller, The tyranny of metrics.
' . . .

Princeton University Press , 2018.
XXk k k B

~ EJERRY Z. MULL




Metric fixation, or the irresistible
pressure to measure performance

Gaming of metrics (recall Goodhart law)

“The calculative is the enemy of the
imaginative” »

| | ‘TYRANNY
A wealth of case studies from education i
to war to medicine to foreign aid..

METRICS =




Critiques of metrics

From the left: metric fixation promotes
deskilling

From the right (Friedrich Hayek):
metric fixation reproduces features of

the soviet system TYRANIval
OF ||

METRICS =




Critiques of metrics

An epistemological critique: metrics
privilege abstract and formulaic

knowledge against practical and tacit
knowledge

TYRANNYI

of |l
(Greek concept of metis) METRICS




Unintended consequences: a litany IYRANNvl

(Goal displacement
Short termism
Diminishing utility

Rule cascade
Discouraging risk taking
Discouraging innovation

of |l

METRICS:

Rewarding luck
Discouraging cooperation
and common purpose
Degrading work

Time waste

[Loss of productivity



A concluding remark IYRANNYI
or | il

o | METRICS:
Considering all of the above keep 1n ERRY . WULLER 4

mind at every step that “the best use of
metrics may be not to use it at all”




Theodor Porter:

“The evasion of goals and corruption

of measures tends to make these
numbers “funny’ in the sense of
becoming dishonest, while the mismatch
between boring, technical appearances
and cunning backstage manipulations
supplies dark humor”

T. M. Porter, “FUHHY Numbers,” Culture Unbound, vol. 4, pp. b85-598,
2012



The numbers of neoliberalism

How CEOs profited from the ambiguities and
manipulability. “These men did not allow their
enterprises to fail until they failed catastrophically”

T. M. Porter, “Funny Numbers,” Cuiture Unbound, vol. 4, pp. 585-598,
2012



“[CEOs] had the power to keep the numbers
boring, maintaining a screen in front of this theater

of the absurd: "

Tin description (a result of standardization) allow
tin prescriptions, a strategy of impersonal
regulation, deploying statistics as insurance against

casuistry

T. M. Porter, “Funny Numbers,” Cuiture Unbound, vol. 4, pp. 585-598,
2012



Thus onstage we see the boring numbers of thin
prescription, which ensure trust and the
containment of subjectivity

Offstage we see the resulting intense struggle
about how the quantification should be made

T. M. Porter, “Funny Numbers,” Cuiture Unbound, vol. 4, pp. 585-598,
2012



E.g. an immediate impact of thin prescriptions in

education is “to encourage the reconstruction of

school curricula to match the content of
and sometimes to make the temptation t

the tests,
O cheat

almost irresistible” (= J.Z. Muller; = O]
example)

LCD-PISA

T. M. Porter, “Funny Numbers,” Cuiture Unbound, vol. 4, pp. 585-598,

2012



How to be a "statactiviste"?
1. Deconstruct existing metrics, including using
irony (Pierre Bourdieu, Les héritiers).

[La sociologie,
ca doit étre
rigolo

(Sociology must be fun)




How to be a "statactiviste"?
2. Gaming metrics (statistical judo) — use
Goodhart’s law to your advantage — or make the
ruse public.

e Police statistics in NY




How to be a "statactiviste"?
3. Bring to the surface what is hidden / unsaid/
excluded — new social classes, marginalization,
minorities:

e ‘Creative class or ‘precarious
intellectuals’?




How to be a "statactiviste"?
. Measure something different.

Suicides at France Telecom;
BIP 40, a new French measure of
poverty/inequality




Important:
“Quantification should not be abandoned to the
advantage of exalting qualities, singularities, and
the incommensurable. Such an abandon would be a
tactical error’




Alain Supiot

\lain Supiol
An indictment of the l.a Gouvernance
Total Market and the par les nombres
normative uses Of Cours "”'2:""':’!?:;';"(::- France
economic quantification
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https://www.college—-de—
france.fr/site/en—alain-

supiot/Governance-by-Numbers- i
Introduction.htm



https://www.college-de-france.fr/site/en-alain-supiot/Governance-by-Numbers-Introduction.htm

Alain Supiot

--we have entered the era of the
cybernetic imaginary, which revives the
West's age—-old dream of grounding
social harmony in calculations.

Repudiating the goal of governing by
just laws, this new discourse advocates
1in 1ts stead the attainment of
measurable objectives efficiently




Alain Supiot

-+ 'This leaves no option open to
populations or countries than to ride
roughshod over social legislation, and
pledge allegiance to those stronger
than they are




