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The Stern—Nordhaus controversy,
a reverse engineering the model:
= uncertainty is too large to take
decisions = both Stern and
Nordhaus are wrong

Global Environmental Change 20 (2010) 298-302
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PART II. THE RULES

3. Mind the framings: Match purpose and context
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Sensitivity auditing
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COMMENT | 24 June 2020

Five ways to ensure that models
serve society: a manifesto

Pandemic politics highlight how predictions need to be transparent and humble tc

invite insight, not blame. Illustration by David Parkins ‘@ ¢

By Andrea Saltelli &, Gabriele Bammer, Isabelle Bruno, Erica Charters, Monica Di Fiore, Emmanuel Didier, Wendy Nelson Espeland, John Kay, Samuele Lo Piano, Deborah Mayo,

Sluijs & Paolo Vineis
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Goal: Reveal the policy of (mathematical modelling’s) numbers



Numbers are not neutral but their purported neutrality is a
large part of their appeal: being performative without
appearing to be so

Thaecodore M., Portor

http://ereserve.library.utah
.edu/Annual/WRTG/3705/M
athison/objectivity.pdf in >
Objectivity as Standardization:
H U m'D‘E R The Rhetoric of Impersonality in
Measurcment, Statistics,

and Cost-Benefit Analysis

i ObjaecCctivity THEODORE M. PORTER

el Sl X -~ SAT XX}

l. Quantification makes knowledge impersonal, |

hence objective.
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Blurring lines:

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

Elizabeth
Popp Berman

E. Popp Berman and D. Hirschman, The SOClOlOgY Of
Quantlflcatl()n Where Are We Now?, Contemp. Sociol., vol. in press, 2017.
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numbers contributes to a loss of democratic
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From loss of political agency to identity politics

The Clash Of Civilizations Is The
Politics Of The End of History

Reflections by the philosopher Stavol Zidek on universality and “workfless places.”

“The only remaining legitimate
source of conflicts are cultural
(ethnic, religious) tensions = rise
of ‘irrational’ populism result from
the disappearance of the proper
ESSAY GEOPOLITICS & GLOBALIZATION .. . . 99 . e
political dimension” (Slavoj ZiZzek)

BY NATHAN GARDELS
MAY 3,2024
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Why models live 1in a state of

DESCARTES exception

DREAM | Unparalleled palette of methods / epistemic authority

Models dispose of a unique repertoi re of
methods. Are endowed with unparallel epistemic

authority that originates from mathematics, the highest

ranked among scientific disciplines (Davies & Hersh,

HOW THE ENBODIED MIND BRINGS MATHEMATICS INTE BEING

1986), considered by the fathers of the scientific revolution

GEORGE LAKOFF | RAFAEL E. NUNEZ

the Ianguage of God himself, up to the point that

reconnecting it to human experience is up today an
unfinished project (Lakoff & Nufez, 2001).



Why models live 1in a state of exception

Lack of agreed standards. Modelling as art/craft (Rosen).

LIFE

i i , ITSELF
U UJULUlliu; m A Comprebensive

N F Inquiry into the
Entailment Entaiiment Nature, Origin,
g;g:'err?ql SF)?S"P; ;I arfa' Fabrication

of Life

ROBERT ROSEN

Foster Morrison

Louie, A.H. 2010. “Robert Rosen’s Anticipatory Systems.” Foresight 12 (3): 18—29.
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 models live in a state of exception
Mathematical models escape sociology of quantification

Statistics has a much deeper connection to sociology, and to |
sociology of quantification in particular (Desrosieres, 1998; Mennicken & I-R U S l | “

Espeland, 2019; Mennicken & Salais, 2022) than mathematical Numg.uzs

theBatitics modelling. Sociology of quantification treats impact assessment tools such
of Large Numbers

as cost benefit analysis (Porter, 1995). Little on modelling, see an exception in

Hodels
Nediators

Alain szsrosiéres (Morgan & MOI’I’iSOﬂ, 1999)

Tl
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Why models live in a state of exception

Mathematical models escape sociology of quantification

Article | Open access | Published: 06 May 2023

What can mathematical modelling contribute to a
sociology of quantification?

Andrea Saltelli ™ & Arnald Puy

Humanities and Social Sciences Communications 10, Article number: 213 (2023) | Cite this article

1356 Accesses | 1 Citations |4 Altmetric | Metrics



Model have a better pretense to neutrality than other instances of quantification

A technical proof of quality is illusory without a
parallel investigation of normative quality; the
example of indicators of employment

Technical Quality

Normative quality

Justice: Means versus Freedoms

Author(s): Amartya Sen «
Source: Philosophy & Public Affairs, Vol. 19, No. 2 (Spring, 1990), pp. 111-121
Published by: Wiley

Stable URL: http://www.jstor.org/stable/2265406

Accessed: 28/10/2014 14:48

The New Politics
of Numbers

Utopia, Evidence and Democracy

S e Y
OPEN ACCESS poaove

Salais, R. (2022). “La donnée
n'est pas un donné”: Statistics,
Quantification and Democratic
Choice. In 7The New Politics of
Numbers: Utopia, Evidence
and Democracy, Andrea
Mennicken and Robert Salais,

Palgrave Macmillan, pp. 379—
415.



Why models live 1in a state of exception

Mathematical models are extremely malleable
Models lend themselves very naturally to evidence based policy. In statistics you have to

reverse the statistical pyramid to achieve the same result — this goes much faster with models

Evidence based policy Statistics (creating things
that hold together for the

solution of practical
problems)
Policy based evidence Governance driven
quantification (a reversal of
the statistical pyramid)




Why models live in a state of exception

Models cannot be falsified

Models do not meet classic (Popperian) criteria of
scientificity. Oreskes (2000) has observed that model-based predictions tend
to be treated like logical inferences in a classic hypothetic-deductive model. The
relation between models and data is often more
symbiotic than adversarial. in climate studies this relation has been

defined as ‘iIlC@StUOUS’, exactly to make the point that in modelling studies

using data to prove a model wrong may not be straightforward (Edwards, 1999).

Edites by
Daniel Sarewitz, Roger A, Pielke, Jr,
and Radford Byerly, Jr,



“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



“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 1s no simple way to
determine which one it is’ (Oreskes, 2000)

- Duhem—-Quine critique



Why models live in a state of exception

Models as the most effective mediators between theory and reality

Due to their independence from both theory and the
world, models act as “mediators”, instruments that
advance understanding thanks to the tacit
craftsmanship of scientists (Morgan & Morrison
1999).

1> F'EXT
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Why models live in a state of exception

Models as the most effective mediators between theory and reality

Models are metaphors that express “in an indirect form our
presuppositions about the problem and its possible solutions™, and can
thus assist in an extended community of peers to deliberate about

social or ecological problems (Ravetz 2023).

Extended peer community YA Add languages v

Article Talk Read Edit View history ¢ Tools v

From Wikipedia, the free encyclopedia

The concept of Extended peer community belongs to the field of Sociology of science, and in particular the use of science in the solution of social,
political or ecological problems. It was first introduced by in the 1990s by Silvio Funtowicz and Jerome R. Ravetz.["lin the context of what would become

Post-normal science. An Extended peer community is intended by these authors as a space where both credentialed experts from different disciplines
and lay stakeholders can discuss and deliberate.



Consequences descending from state of exception

Gross asymmetry developers/ users

Models operate In a context of asymmetry of
knowledge between developers and users (Jakeman

et al., 2006). There are ‘black boxes’ also In other

families of quantification, typically algorithms or

the politics
of modelling | Andrea saltel

statistics. Yet this asymmetry may be larger for

mathematical models.



Consequences descending from state of exception

Ritual use
An important analogy between statistical and mathematical modelling is in the ‘ritual’ use of methods. Rituals in
statistics are described in Gigerenzer (Gigerenzer, 2018; Gigerenzer & Marewski, 2015). For models here an

anecdote by Kenneth Arrow: producing one month-ahead weather forecasts

“... The commanding general is well aware that the forecasts are no

good. However, he needs them for planning purposes”

See also Niklas Luhmann ‘deparadoxification’

(Moeller, 2006); See also politicians’ claim:

“We follow the science’ during COVID-19

Kenneth Arrow




Consequences descending from state of exception

Models and trans-science

Models lend themselves to trans-science (Weinberg,

1972).

 How many people will sit In autonomous cars by
2050

 How will the spread of malaria change if global
temperature increases by 1.5°C SominGER LINK

« What will be the cost of CO2 averaged over the next — wemes ssmoe e ¢

Home > Minerva » Articl

three centuries : 5 )
Science and trans-science




Scope for harm from ‘wrong numbers’
e.g. 1n -

— Medical research
- Governance of science —
— Higher education

— Finance
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Scope for harm from ‘wrong
numbers’ e.g.:

— Numbers from
international organizations
— Food and Agriculture

Organization
— 'The World Bank

- OECD (see PISA!)

v
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Do PISA data justify PISA-based education policy?
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download

Luisa Araujo, Andrea Saltelli, Sylke V. Schnepf

International Journal of Comparative Education and DEWRLOMASY WRNETNTS
Development _— )®
ISSN: 2396-7404 _

Article publication date: 13 February 2017 | permissions



‘Trendy  methods may also harm

- Randomized control trials) may be misused to suggest more
general conclusions that may not be valid
- Sophisticated statistical/econometric techniques that can be

designed in ways that promote particular policy conclusions
reflecting researchers’ biases

v

THE POLITICS OF
UNCERTAINTY

Challenges of Transformation
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Mind the assumptions — /rorer

Assess uncertainty and sensitivity Five ways to ensure that mode

serve society: a manifesto
Mind the hub

Complexity

be the enemy of relevance

Mind the framing

Match purpose and context

Mind the consequences

Quantification can backfire

More example of good and bad Mind the unknowns
= models in the Manifesto, it
supplementary material, and in Acknowledge ignorance

the book



Consequences descending from state of exception

One to one map of the empire

Model as Jorge LuisBorges' (1946) one-

to—one map of the empire é%% ik g-U'S l
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A digital twin of Earth for the green transition Explore content ¥  About the journal ¥  Publish withus v Subscribe

For its green transition, the EU plans to fund the development of digital twins of Earth. For these twins to be more
than big data atlases, they must create a qualitatively new Earth system simulation and observation capability )
using a methodological framework responsible for exceptional advances in numerical weather prediction. nature > pature reviews earth & envirgnment > review articles > article

Peter Bauer, Bjorn Stevens and Wilco Hazeleger

Review Article | Publishe

Big Data in Earth system science and progress towards
adigital twin

2 May 2023

he Furopean Unton (EU) intends to

become climate neutral by 2050, and

the set of policies destgned to bring
about this green transitton — the European
Green Deal — was announced tn December
2019 (ref. '). Accompanted by €1 trillion of
planned investment, Green Deal policies atm
to help the world’s second-largest economy
sustainably produce energy, develop
carbon-newtral fuels and advance ciroular
products in energy-intensive Industrial
sectors with zero waste and zero pollution,

A key element of the Green Deal 1s its

dependence on the ‘dygital transformation”
— an openly accessthle and interoperable
European dataspace as a central hub
for informed decision making. The EU
1dentified two landmark actions to support
the necessary information systemns:
GreenData4AlF and Destination Earth’.
Whereas GreenData4All will develop the
European approach to discover, manage and
exploit geospatial information, Destination
Earth aims to construct highly accurate
models, or ‘digital twins] of the Earth to
monitor and predict environmental change
and human Impact In support of sustainable
development. Aligned with the new Digital
Furope funding programme’, Destination
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Scientists have built a ‘digital twin’ of Earth to
predict the future of climate change

The complex computer model takes into account weather and climate systems
as well as our impact on the planet.

DestinE is true game changer in our fight against climate
change. @

- Margrethe Vestager -
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Models for techno—-promises

Economics of Techno-scientific Promises’ (ETP)= The
promise of ‘transformation without transformation’



Consequences descending from state of exception

Have the strongest grip in policy

Models have their own political economy -
economicism, solutionism, reductionism,

transforming of the qualitative into quantitative
(Stirling, 2023a, 2023b).

The percentage of non-reproducible studies in the field of clinical
medical research could reach 85% (Chalmers and Glasziou, 2009).
Nobody can provide a similar figure for mathematical modelling.

‘NaVIgatlng the pOlltlcal, (Van Beek et al 2022) Source: National Geographic

Acting as chameleons, jumping across contexts, Pfleiderer
(2020),



Consequences descending from state of exception

Models are vulnerable to modelling hubris

The conjecture of O’Neill (1971), see also Turner & Gardner (2015), posits that too simple a model may miss
Important features of the system, and thus lead to systematic error, while a too complex one — burdened by an
excessive number of estimated parameters, may lead to a greater imprecision due the error propagation.

nature communications

A short comment on statistical versus mathematical
modelling

Andrea Saltell &

Nature Communications 10, Article number: 3870 (2019) | Cite this article

Model error

ScienceAdvances Current Issue First release papers Archive About v

HOME » SCIENCE ADVANCES > VOL.B NO.42 > MODELS WITH HIGHER EFFECTIVE DIMENSIONS TEND TO PRODUCE MORE UNCERTAIN ESTIMATES

Error due Total error

) Error due to
to bias .
parametrization

RESEARCH ARTICLE MATHEMATICS f L J il"l d‘ % -]

Models with higher effective dimensions tend to pro-
duce more uncertain estimates
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Solutions to resolve the state of exception

Modelling of the modelling process /
[e multiverse analysis (Steegen et al 2016)] , : i
sensitivity analysis, sensitivity
auditing for de— and re-construction, STAI--
on the example of statactivism ISME

COMMENT LUTTER
= retrace what was assumed

AVEC DES NOMBRES

=» check the level of complexity

Mode! complexity



= Avoid “quantifying at all costs’, expose ‘funny numbers’
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Solutions to resolve the state of exception

Complexity of interpretation rather than complexity of construction

The I=PAT model, whereby the human impact on the environment is driven by
population (P) times affluence (A) and technology (T). In the seventies, this
model allowed a debate on the limit of growth that continues to the present day

(Ehrlich & Holdren, 1971).

Impact of POPUIHtiO" Growth: Complacency concerning this component

of man's predicament is unjustified and counterprodurtive
-
) 3
FAUL R. EHRLICH AND JOHN P HOLDREN Authors Info & Affiliations S(/lenLe

SCIENCE - 26 Mar 1971 Vel 171, lszue 3977 pp. 12121297 DOl 101126/ /science 17139771212




Solutions to resolve the state of exception

Reciprocal domestication between models and society
The COVID pandemic of 2020 has dramatically increased the visibility of mathematical modelling, accompanied
by a considerable level of controversy, either for the deficiencies of the model, or because of disagreement about

the policies (Pielke, 2020; Rhodes & Lancaster, 2020). From ‘Flattening the curve’ to ... distrust?

Journalof o | AT B ot
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International Journal of Public Health Policy and Health Services Research

COMMENTARY [ OpenAccess () @)

What did COVID-19 really teach us about science, evidence and
society?

Andrea Saltelli B4, Joachim P. Sturmberg, Daniel Sarewitz, John P. A. loannidis

First published: 06 June 2023 | https://doi.org/10.1111/jep.13876
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“COVID-19 policies allocated sacrifice, privation and suffering across all
walks of society [but] radically different responses from nation to nation—
from draconian lockdowns, to relatively permissive and flexible pandemic
regimes—made obvious to all that the value of scientific evidence was to
support what was politically desirable and possible|in different contexts

Mostly provided by models




Solutions to resolve the state of exception

Defog the mathematics of uncertainty

An important issue in mathematical modelling is the management of

uncertainty. UUNcertainty quantification at the
heart of the scientific method, and a fortiori

In the use of science for policy.
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Solutions to resolve the state of exception: adopt more lenses

Environmental Science and Policy 142 (2023) 99-111

=

Contents lists available at ScienceDirect Envifonméntal
Science &
Policy

Environmental Science and Policy

'a
&> f
S

=

¥4

ELSEVIER journal homepage: www.elsevier.com/locate/envsci

Impact assessment culture in the European Union. Time for
something new?
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Proposed lenses

« Non—-Ricardian economics
* Bioeconomics (in the sense of Nicholas Georgescu—Roegen)
« Approaches originated in the context of post—normal science
 global uncertainty and sensitivity analysis
e sensitivity auditing
« NUSAP
 quantitative storytelling
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Contrasting invisibilities

Non—-Ricardian economics: invisibility of qualities, whereby all hours of
work are taken to have the same value

Bioeconomics: invisibility of nature, whereby natural resources are
considered as infinite or infinitely substitutable

Post—normal science: invisibility of values, obfuscated by the purported
neutrality of quantification

Nicholas Georgescu—Roegen

.
ELSEVIER journal www.elsevier.

Impact assessment culture in the European Union. Time for
something new?

Erik S. Reinert Jerome Ravetz and Silvio Funtowicz
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Conclusions
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and policy: The IIASA energy study
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Abstract: Models live in a state of exception. Their versatility, the variety
of methods, the impossibility of their falsification and their epistemic
authority permit mathematical models to escape, better than other
instances of quantification, the lenses of sociology and other humanistic
disciplines. This endows models with a pretence of neutrality that
perpetuates the asymmetry between developers and users. Models are
thus underexplored and overinterpreted. While retaining a firm grip on
policy, they reinforce entrenched cultures of transforming political issues
into technical ones. To combat this state of exception one should start
discussing the reproducibility of models, foster complexity of
interpretation rather than complexity of construction, and encourage forms
of activism following the French statactivists, aimed to achieve a
reciprocal domestication between models and society. To breach the
solitude of modellers, more actors should engage in practices such as
assumption hunting / modelling of the modelling process / sensitivity
analysis and auditing.
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Why 1s modelling of the global sensitivity analysis
important? Fishing expeditions and forking paths -
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The garden of forking paths: Why multiple comparisons can be a problem,
even when there is no “fishing expedition” or *“p-hacking” and the research
hypothesis was posited ahead of time”*

Andrew Gelman' and Eric Loken*
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Observing many researchers using the same data and
hypothesis reveals a hidden universe of uncertainty
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“Will different
researchers [73
teams] converge
on similar findings
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(Breznau et al. 2022)
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