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Do we live immersed in 
fantastic numbers? 



=$171 a ton on average at a 2 
percent discount rate”

“social cost of carbon: 

=$56 a ton on average at a 3 
percent discount rate



Mathematical models predicting 
the damage in dollars from 

hurricanes and draughts up to the 
year 2300 



The Stern-Nordhaus controversy; 

a reverse engineering the model:  

 uncertainty is too large to take 

decisions  both Stern and 

Nordhaus are wrong 

!

!

Stern’s plot

My plot

% loss in GDP per capita



Why models live in a state of 

exception

Unparalleled palette of methods / epistemic authority

Models dispose of a unique repertoire of 

methods. Are endowed with unparallel epistemic 

authority that originates from mathematics, the highest 

ranked among scientific disciplines (Davies & Hersh, 

1986), considered by the fathers of the scientific revolution 

the language of God himself, up to the point that 

reconnecting it to human experience is up today an 

unfinished project (Lakoff & Núñez, 2001).



Why models live in a state of exception

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

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.
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Mathematical models escape sociology of quantification

Statistics has a much deeper connection to sociology, and to

sociology of quantification in particular (Desrosières, 1998; Mennicken &

Espeland, 2019; Mennicken & Salais, 2022) than mathematical

modelling. Sociology of quantification treats impact assessment tools such

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

(Morgan & Morrison, 1999).

Why models live in a state of exception



Mathematical models escape sociology of quantification

Why models live in a state of exception



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 
Salais, R. (2022). “La donnée
n’est pas un donné”: Statistics, 
Quantification and Democratic 
Choice. In The New Politics of 
Numbers: Utopia, Evidence 
and Democracy, Andrea 
Mennicken and Robert Salais, 
Palgrave Macmillan, pp. 379–
415.



Why models live in 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 ‘incestuous’, exactly to make the point that in modelling studies 

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



N. Oreskes, K. Shrader-Frechette, and K. Belitz, “Verification, Validation, 
and Confirmation of Numerical Models in the Earth Sciences,” Science, 263, 
no. 5147, 1994. 

“models are most useful when they are 
used to challenge existing formulations, 
rather than to validate or verify them”

Naomi 
Oreskes 



Models are not 
physical laws

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 is 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” 

 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). 



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).



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

statistics. Yet this asymmetry may be larger for

mathematical models.

Consequences descending from  state of exception



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



Mathematical models: a 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 1.5ºC

• What will be the cost of CO2 averaged over the next

three centuries

Consequences descending from  state of exception



Models and trans-science 

Model as Jorge LuisBorges' (1946) one-

to-one map of the empire

Consequences descending from  state of exception



Digital Twins of th Earth -

in the EU Destination Earth





Climate change cannot be the lens 
through which to look at the world’s 
problems. The war in Syria is not a 
result of climate change  

Rejecting climatic determinism is not a 
refutation of climate change but of its 
instrumental use 

On the EU plan: Destination Earth 



Hulme, Mike. 2023. Climate 

Change Isn’t Everything: 

Liberating Climate Politics 

from Alarmism. 1st edition. 

Medford: Polity.





Destination Earth’s nature-based metaphors: “Digital 
ecosystems”, “evolutionary development”, “data lakes” and 
“digital species” … and yet we will need AI to read the output 
of Digital Twins 



AI may as a continuation and 
reinforcement of bureaucratic forms of 
discrimination and violence, ultimately 
fostering authoritarian outcomes

AI's promise of objective calculability is 
antithetical to an egalitarian and just 
society

Opaque algorithms to discriminate 
against categories of people in accessing 
jobs, loans, medical care…



Powered by algorithms, governance by (visible and invisible) 

numbers contributes to a loss of democratic 
agency (a-democracy for Salais, fascism for Mc Quillan, refeudalization for Supiot…)   

2022
(physicist/sociologist)

2015
(jurist)

2016
(data scientist)

2019
(economist)

2017
(philosopher)



Anthropocene  One Earth  Destination Earth

Natural-sciences framing of humanity’s fate offers a post-

social, post-political vision; call to action for critical and 

interpretative social sciences   

A rare 

critical 

work



Models for techno-promises

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

More 

critical 

work

Debunking promises 

of circular 

economy, energy 

transitions, …



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.

‘Navigating the political’ (van Beek et al. 2022) 

Acting as chameleons, jumping across contexts, Pfleiderer

(2020).   

Source: National Geographic

Consequences descending from  state of exception



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.



 retrace what was assumed
 check the level of complexity 

…

Modelling of the modelling process 
(Sensitivity analysis, sensitivity 
auditing for de- and re-construction, 
on the example of statactivism) 

Solutions to resolve the state of exception 



Avoid “quantifying at all costs”, expose ‘funny numbers’  



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).  



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?



“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 



Defog the mathematics of uncertainty  

An important issue in mathematical modelling is the management of

uncertainty. Uncertainty quantification at the

heart of the scientific method, and a fortiori

in the use of science for policy.

Solutions to resolve the state of exception



Solutions to resolve the state of exception: adopt more lenses 



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 
• sensitivity auditing 
• NUSAP  
• quantitative storytelling 



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

Erik S. Reinert 

Nicholas Georgescu-Roegen

Jerome Ravetz and Silvio Funtowicz



202320222020

Reveal the policy of the numbers 



Conclusions 

“models are more symbolic vehicles for gaining 
authority than objective technical framework” 
(1984) 

Brian Wynne (and others such as William Keepin) debunked in the early 80’s a totally off-

the-mark model-based energy future,  declared as ‘scientifically prescribed’ by analysts at 

IIASA …  

See a summary here

The same way Digital Twins 

of the planet are 

‘scientifically prescribed’ 

today … 

A fast breeder reactor in 

the Netherlands, today an 

amusement park 
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Abstract: December 12: Models: a state of exception 
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.  

Based on: Saltelli, Andrea, Arnald Puy, and Monica Di Fiore. ‘Mathematical Models: A 
State of Exception’. International Review of Applied Economics June 11 (2024). 
https://doi.org/10.1080/02692171.2024.2365727
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