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Why something technical In
this course
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The technique is never neutral.
How methodological choices
condition the generation of
narratives for sustainability
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Something general about
mathematical modelling



Caeteris are
never paribus

Ceteris paribus or caeteris paribus is a Latin phrase
meaning "all other things being equal” or "other things
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The case of DSGE, dynamic
stochastic general equilibrium
models
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Rational expectations of agents
Efficient market hypothesis
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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 In
the use of models In
economics?
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mathematics to veil normative stances

Erik Reinert: scholastic tendencies In the
mathematization of economics
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Models have
ittle memory
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validating [value - at risk] models Is time

consuming and detall 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
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E. Millgram The Great Endarkenment, p. 29



Modelling Is a
craft more than
a sclence



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

ITSELF

A Comprehensive
Inquiry into the
Nature, Origin,
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| N Entaimen and Fabrication
Entailment
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.
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What is a model ?




Can models be
falsified?
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used to challenge existing formulations, _
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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 e
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~ 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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Model - based knowing
IS conditional



When models need as mput mformatlon
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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
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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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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
Governancegdited by Clark A. Miller, Paul N. Edwards,




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



Resolution level model structure

Simulation

uncertainty analysis

output sensitivity analysis

feedbacks on input data and model factol

28



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

alternative data sets,

resolution levels,
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Assumption Alternatives

Number of indicators A all six indicators included or

oneat-time excluded(6 options)

Weighting method A original 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
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Each column is a . o .
sample from the .
distribution of a factor | ,d‘ . AlL

Each row is a sample -
trial to generate a Examples of distributions of

value of y input factors



Why Sensitivity analysis?

It IS In 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.
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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.
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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.
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Is something wrong with this statement
(p. 384 of EC guidelines)

The influence of the key variables

should be mvestigated by a sensitivity analysis.

Better Regulation
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Why Sensitivity analysis?

It can answer Interesting
guestions



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 its parameters, or
to changes in the data?"



Why sensitivity analysis?

It can detect garbage In garbage out
(GIGO)
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If the neighborhood of assumptions is wide enough to
be credible and the corresponding interval of
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S. Funtowicz and J. R. Ravetz, Uncertainty and Quality in Science for Policy .
Dordrecht: Kluwer, 1990; E.E. Leamerpd”™ . EO@I UT UT Ubd! O&EAmk @
Econ. Rev. , vol. 75, no. 3, pp. 308 313, 1985.



Global Environmental Change 20 (2010) 298-302

Contents lists available at ScienceDirect

Global Environmental Change e

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




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, London,

William Nordhaus, WWWw.Ssternreview.org.uk

University of Yale

3 OCENd" 2 E O dodnpus - Critical Assumptions in the Stern Review
2018 on Climate Change, SCIENCE, 317, 201 - 202, (2007).



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

How was it done? A reverse
engineering of the analysis

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

It 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
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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
ﬂ_, Specify modelling context |«

l Respecify objectives
if necessary
L »| Conceptualise system, specify data and other prior knowledge
52y Q0 @Al INF [
here!
ﬂ —»| Select model features: nature, family, form of uncertainty specification |[¢+—
l Reassess
if necessary

——3| 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




Limits of sensitivity
analysis



Orrin H.
Pilkey

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

= == by Orrin H. Pilkey and Linda Pilkey
;':f:leii:’",;fhm_‘-‘“ci Jarvis, Columbia University Press,

: 20009.
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The map Is not the
territory



b <<lIt Is Important, however, to recognize
that the sensitivity of the parameter in the

useless anthmettc

h;mmu..o«m

¢ = equation is what Is being determined, not
B the sensitivity of the parameter in nature.
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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
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TSPA (like any other model) relies on
assumptions A one is the low

=~ | permeability of the geological formation
= A |ong time for the water to percolate
from surface to disposal.

useless anthmetic




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 3°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.
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3,000 millimetres per year.
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C Organized skepticism (as per CUDOS)



Where to study
sensitivity analysis?
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How Is It done In
practice?



Plotting the output as a function of two
different input factors

Which factor is more important?
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. nput variable x ; . .
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~ 50 points
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