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Blurring lines:
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E. Popp Berman and D. Hirschman, The SOCIO|Ogy Of
QuantlflCa'[IOn : Where Are We Now?, Contemp. Sociol ., vol. in press, 2017.
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like our idealized image of science, In

which pure theory Is tested with pure

data.

[Impossible to] eliminate the model -
dependency of data or the data - ladenness
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PaUI N . EdW&I’dS , 1999, Global climate science, uncertainty and politics:

Data laden models, model filtered data.
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Stephen Norton the blurry model/data
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Paul N. Edwards, 1999, Global climate science, uncertainty and politics:

Data laden models, model filtered data



Padilaetal. callfor @ MOre structured, generalized
and standardized approach to verification

Jakeman et al. callfora 10 pOintS partiCipa’[Ory
checklist incuding NUSAP and J.R. - EUE UR
process based approach

For NUSAP: Funtowicz, S.O., Ravetz, J.R., 1990. Uncertainty and Quality in
Science and Policy. Kluwer, Dordrecht

1997.nttp://www.jvds.nl/ulysses/eWP97 - 1.pdf



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
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Identify model structure and parameter values

l

Verification including diagnostic testing

l Too late?

Quantification of uncertainty -

l

Model evaluation or testing




Not a discipline

Unlike statistics, mathematical modelling is not a discipline, hence the lack of
universally accepted quality standards, disciplinary fora and journals and
recognized leaders



Making sensitivity analysis
part of the syllabus of statistics?

Saltelli, A., Does Modelling need a reformation? Ideas for a new grammar of modelling,
available at https://arxiv.org/abs/1712.06457



Modelling as a craft rather than as a

sclience for Robert Rosen

N
Entailment
Natural
system

F

Formal
system

LIFE
ITSELF

A Comprehensive
Inquiry into the
Nature, Origin,
and Fabrication

of Life

ROBERT ROSEN

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

Life. Columbia University Press, 1991.



Entailment

What Is a model ?
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used to challenge existing formulations,
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Naomi
Oreskes

N. Oreskes, K. Shrader - Frechette, and K. Belitzpd~ »Ex1T ET EAZUI OO
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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 involved
must be capable of refuting the
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(N. Oreskes)




- In many cases, these temporal
predictions are treated with the same
respect that the hypothetic - deductive
model of science accords to logical
predictions. But this respect is largely
Ol ONAEEE d
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theoretical and phenomenological laws (and the governing
equations and algorithms that represent them), empirical input

model generates a prediction, of what
precisely Is the prediction a test? The
laws? The input data? The

conce ptu alization? Any part (or several parts) of the model
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Egregious modelling f ailure
from Pilkey and Pilkey - Jarvis

(from AIDS to coastal erosion to nuclear waste | -
El JOO0OGANd™ m useless anthmetrc‘
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O. H. Pilkey and L. Pilkey - Jarvis, Useless Arithmetic: Why Environmental
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For John Kay modelling may need as input

PaN Vd [ P aN N N\ PaN P aN v d [ ] Vd P o N

| OEOx O&FUI OOd Ul 1 E frethstkE d

WEBTAG; knowing car passengers number decades into futures)

John Kay
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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) |
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mathematics to veil normative stances

Erik Reinert: scholastic tendencies In the
mathematization of economics

urd2rd- OOExpd” 2 £AUI 1 OE@Dd] OdUI Ed* | EOxpbdO
Rev., vol. 105, no. 5, pp. 89 93, May 2015.
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pp. 364 376, Aug. 2000.
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Uncertainty and
sensitivity analysis



Definitions

Uncertainty analysis: Focuses on just
guantifying the uncertainty in model
output

Sensitivity analysis: The study of the
relative importance of different input
factors on the model output



Why Sensitivity analysis?



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.
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Office of Information and Regulatory Affairs (OIRA), January 2006,
https://www.whitehouse.gov/sites/default/files/lomb/assets/omb/inforeg/proposed_risk_assessment_bulleti
n_010906.pdf, pp. 16 _17, accessed December 2015.
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Better Regulation ""Toolbox"



4. SENSITIVITY AND UNCERTAINTY ANALYSES
Page 391

Six steps for a global SA:
1. Select one output of interest;
2. Participatory step: discuss which input may matter,

3. Participatory step (extended peer review). define
distributions;

4. Sample from the distributions;
. Run (=evaluate) the model for the sampled values;

6. Obtain in this way bot the uncertainty of the
prediction and the relative importance of variables.

o1



Limits of sensitivity
analysis



Orrin H.
Pilkey

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

T by Orrin H. Pilkey and Linda
_useless anthmettc . -

= Pilkey - Jarvis
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b <<lIt Is Important, however, to recognize
that the sensitivity of the parameter in the

useless anthmetrc

’b;m‘nmu..o«m

¢ = equation is what Is being determined, not
B the sensitivity of the parameter in nature.

N\ Pal L4 A ~d
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poor representation of reality,
determining the sensitivity of an
iIndividual parameter in the model Is a
meaningless pursuit.>>




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

for safety analysis.

TSPA is Composed of 286 sub - models.

useless anthmetrc

'h IVmc ul Celoprtish




TSPA (like any other model) relies on

assumptions A one is the low
-~ permeability of the geological formation
A long time for the water to percolate
from surface to disposal.

useless arithmetic




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 S°Cl story)



Type Il error In sensitivity:
Examples:

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

A d, ' dUGENEOG®@dT EdIT UdT ¢
3,000 millimetres per year.
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Robert K. Merton
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Communalism - the common ownership of scientific discoveries, according to
which scientists give up intellectual property rights in exchange for

recognition and esteem (Merton actually used the term Communism, but had
this notion of communalism in mind, not Marxism);

Universalism - according to which claims to truth are evaluated in terms of
universal or impersonal criteria, and not on the basis of race, class, gender,
religion, or nationality;

Disinterestedness - according to which scientists are rewarded for acting in
ways that outwardly appear to be selfless;

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



GLOBAL

SENSITIVITY
ANALYSIS

The Primer
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Resolution level model structure

Simulation

uncertainty analysis

outpul sensitivity analysis

feedbacks on input data and model factol

38



One can sample more than just factors

One can sample modelling assumptions,
alternative data sets, resolution levels,
OQEEOAx| OQOd"



Assumption Alternatives

Number of indicators A all six indicators included or

oneattime excluded(6 options)

Weighting method Aoriginal set of weights,
Afactor analysis,
A equal weighting,

Adata envelopment analysis

Aggregation rule A additive,
A multiplicative,

A Borda multicriterion




Space of alternatives

Weights Missing data

Aggregation Pillars

Including/ Normalisation
excluding variables

)

a

607

50—

40

30—

20—

10—

Country 1

Country 2

Country 3



Can one lie with sensitivity HOW "TO

| S LIE WITH
analysis as one can lie with STATISTICS

statistics? Darrell Huff

Over Hall a Million Copies Sold
An Honest-1o Goodness Bestseller

Saltelli, A., Annoni P., 2010, How to avoid a perfunctory sensitivity analysis,
Environmental Modeling and Software, 25, 1508 - 1517.



In 2014 out of 1000 papers in modelling 12
have a sensitivity analysis and < 1 a global
SA; most SA still move one factor at a time

| 1 I | 1 I I 1 1 I

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

— TOT_SA/TOT_MOD (%)
——— TOT_GSA/TOT_MOD (%)

1.2

1

0.8

0.6

0.4

0.2

0

Ferretti, F., Saltelli A., Tarantola , S.,
2016, Trends in Sensitivity Analysis
practice in the last decade, Science of
the Total Environment,
http://dx.doi.org/10.1016/j.scitotenv.201
6.02.133



OAT In 2 dimensions
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OAT In 3 dimensions

/! Volume sphere /

Yy
0

% | volume cube =7

4 ‘ l . £ ~ 1/2
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OAT In 10 dimensions: Volume

hypersphere / volume ten dlmenS|onaI
hypercube =7 ~ 0.0025 I




yvolurne of n—ball inscribed in the unitary hy percube

0.9

0.3

0.4

0.3

0.z

OAT In k dimensions

'
'
................................... L
'
' '
' —
. —
'
............................................................................... —
- - - b o o i e e e g e e i e e emm i e e e am e p e am e ammmmammme e measmmeammmi e e am e —
i
|
\
|
i
|
e —
'
'
.
i .
|
v
:". ................................................................................. —_
.II".
'
'

2 4 G Fa] 10 12 14 16 13 20
number of dimensions



How would you test the scaffolding?

How to shake coupled
ladders

How coupled ladders are
shaken in most of available
literature

FLAMW
AVERAGES
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Once a sensitivity analysis Is done via
OAT there Is no guarantee that either

uncertainty analysis (UA) or sensitivity
analysis (SA) will be any good:

A4

C UA will be non conservative

C SA may miss important factors



Output variable i

\J"

Which factor is more important?

Why?




C Output variable ,

~1,000 blue
points

Divide them
In 20 bins of
~ 50 points

Compute the
Cl O° @d £UE x I
(pink dots)



C Output variable

R e Input variable x .

Each pink point is ~ EX~- Y| Xi



C Output variable

o ° Input variable x

Take the variance of ( ( ))
the pink points and in EX~i Y‘ Xi

you have a
sensitivity measure



C Output variable

| Which factor
has the highest

Vi (Ex. (Y]x,)) 2




, VEX,)
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ratio \\' #/’
o _ Va, (Bx , (y | xi))

Sf_ = 1/

Vi(y)
\ \

First order sensitivity index

Unconditional
variance
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First order V;r ; (E}:M; (3}’ ;E.i))

sensitivity index: \Y ('U)
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First order effect, or top marginal
variance=

= the expected reduction in variance that
would be achieved if factor Xi could be
fixed.

Why?



VXi (Ex~i (Y‘ Xi ))+
+ B, (v, (VX)) =V ()

:
~I

Easy to prove using V (Y)=E(Y ?)- E4(Y)



Vx (Ex~i (Y‘ X, ))+
+Ey (Ve (VX)) =vn)

This Is what variance would be left (on

Vd ~Y v
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Vi (Ex (VX )+
+E, (Ve (YX))=V(Y)
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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

8 Vi [Ex (¥]X))° v(Y)

“dUITEI dl ad &EANGOd I OU«
models are defined



Non additive models
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- Important?

|s this factor non
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There are terms which capture
two-UZEbPpdUI xEEdU&EPpd™ di
among variables.

All these terms are linked by a
formula



Variance decomposition (ANOVA)
V(Y)=

aV+aV Tt Vs

i, >

C Lesson Stefano Tarantola



EC impact assessment gul
sensitivity analysis & au

. farmgp | & LR .

Better Regulation

+

o | Cotact| San jéﬁdlmﬁ(aﬁl

http://ec.europa.eu/smart

Home
REFIT
Slakenoloer consunations

Roodmaps [ Incepbon impact

ASSASMaN
MR Assansmant
Evaluabon
Regulatory Scrufiny Board
Guidelines
Better Roguialion Guidelnas
Hutinr Rugubntion “Tootar

Koy documsnis

Eurspean Cummacs ) Beller Seguisiun ) Gudeines

Better Regulation Guidelines

These guidelines explan what Betier Regulation ts and how & should be appded In the day
10 Qay Prachicas whin praparnng néw nlathes 300 popasals of Managing austing
policies and lagistation

Thoy cover the whale pokey cycle. from palicy preparalices and adopdon to Implementation
and application, 10 svaluahion and cevnion of EU 1aw. For sach of (hese phases there &l &
numoer of Batter Regulation prncples, obiedimg, 10018 400 proceoures 10 make sule ihsl
fhe EL has the bestregulaion possible These ralate fo planning, Impact angsessment
RLAKENOIder consutation, Implamantation and svaluabion

The Belter Begulation Guidshnes sre skuckired into chapers which cover each of the
instfrumants of the law-maning process The corrasponding ealbas gives more detaleq
and fachnical information

Heter Reguiation Guide¥nes are based on the outcomen of public consultalion exorcises
camod outin 2013 and 2014

Lostepoate 11002016 Lagu nan 1 st

B [t PPN

[Swarch

Stay connected

Latest documents

1000012 - Bafied Requiation

Eackaas
Hip e Improve

Find whil you wanted?
Yis  No
What wera you looking for?

l |

Any suggestony?

Snd__

- regulation/guidelines/docs/br_toolbox_en.pdf

delines:
iting



Secrets of
sensitivity analysis



Why should one
ever run a model
just once?



First secret: The most important
guestion Is the guestion.

" x~d@EOJI Ul Ul Ubd &£0/
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 ’ (==

We're going to need a bigger rug !



Third secret: If sensitivity
analysis shows that a question
cannot be answered by the model
one should find another question

or model

Pal
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prevails]



Badly kept secret:
There Is always one more bug!

(Lubarsky's Law of Cybernetic
Entomology)



