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• Back-testing : Ce que ne font presque jamais les 
économistes car nos modèles ont des performances 
catastrophiques au-delà de deux ans. (Et seulement 
pour les VaR)

• Mais, dans World3, pas une ligne d’économie : or ce 
sont bien les prix, les profits, etc. qui pilotent 
l’économie 



I. COMPLEXITY ECONOMIES

Arthur, Nature (2021)
Beinhocker 2006
Elsner 2004

Giraud (2021) forthcoming 
Handbook of Complexity 
Economics
Giraud & Swilling, ibid.  
 



Stock-flow 
consistency 



Akerlof & Stiglitz 
(1969)

Grasselli & Costalima 
(2012)

Grasselli &Nguyen 
(2013)

Grasselli et al. (2018)

Giraud & Grasselli 
(2019)

Bovari, Favre & 
McIsaac (2019)

Dossetto & Giraud 
(2022a) forthcoming

Giraud & Tsomocos 
(2010)

A (non-linear) out-of-equilibrium Dynamical system



A multidimensional 
setting

Basic version: 3d

Giraud & Dossetto 
(2022b) : 10d



General properties I

- Private debts matter 

- Endogenous business cycles

- Multiple equilibria

- A balanced growth path satisfying the Golden rule: Solow’s 
equilibrium

- A (Fisherian) debt-deflationary equilibrium, cf. Giraud & Pottier 
(2013, 2015) 

- Traditional Philips trade-off in the long-run: inflation vs employment 



General properties II

- Too wide income inequalities lead to the deflationary equilibrium 
via the debt channel, Giraud& Grasselli (2021) 

-              r > g       does NOT imply more inequality        

Piketty (2014), Giraud (2014), Acemoglu & Robinson 
(2015)
 
- r > g  is a necessary condition of stability for the ‘bad’ 

equilibrium. 

- When converging to a debt-deflationary equilibrium, income 
velocity --> 0 Giraud & Dossetto (2021b)

- Embedding into a thermodynamical set-up, Giraud, Noel et al., 
forthcoming.

- New understanding of public policy…





A world version



Climate change drives the economy out of the “good” basin 
of attraction





Basin of attraction (“Watershed”) 
of a long—run equilibrium



1. A more general set-up





Indonesien

Toni Kurmann

Indonesien

Toni Kurmann

Corporate profits

Expected profits (myopia)

Actual money flow

Corporate debts

Corporate dividends



Households’ debts

Banks’ dividends

Aggregate debts

Banks’ profits





Aggregate Behaviour



Profit share

Expected profit share

Corporate debt ratio

Endogenous capital-output ratio

Wage share



Short-term Phillips curve

Inflation



Aggregate investment

Aggregate consumption

Labour productivity

Real growth rate



Oligopoly Pricing

Profit maximisation

First-order condition if price-taker

FOC if price-maker

Average cost

Oligopolistic FOC



Causality chain at time t:

Capital stock -> oligopolistic profit max -> 
Employment

-> real wages -> nominal wages

-> inflation rate and wage change

->consumption and investment

->t+1



No climate 
feedback loop

Bovari, Giraud & McIsaac 
(2017)



Bovari, 
Giraud, 
McIsaac 
(2017)

The Dietz-
Stern 
Scenario



A stochastic version: climate sensitivity, ocean absorption, 
labour productivity

Stern-
Stiglitz 
Report on 
Carbon 
Pricing 
(2018)



Coupling with iLoveclim

Roche (2013)

Roche et al. (2014) 

Bouttes et al. (2015)

Bügelmayer et al. (2015)

Kitover et al. (2015)

Quiquet et al. (2018)



EXAMPLE: A BASIC SCENARIO : RCP 4.5 + 
COPING-iLoveclim

Climate 
sensitivity: 
3.9 



Peaks of heat-humidity might make part of the world uninhabitable



1. ECOLOGICAL POLYCRISIS







Average 
number of 
days per y 

with deadly 
heat-humidity 

in 2100. 



Lack of drinkable water
Hydro stress 2040



The growing scarcity of minerals…

Giraud et al. (2017, 2019)



The (geopolitical) mineral 
Challenge 

European Commission, 
2018.



Regional NPP (I)



Regional HANPP (II)



Regional deficit in biomass

Figure 3. HANPP as a Percentage of Local 
NPP



https://www.sciencedirect.com/science/article/pii/S
0959378021001473?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S0959378021001473?via=ihub
https://www.sciencedirect.com/science/article/pii/S0959378021001473?via=ihub


Growing areas of disease/parasite 
prevalence

Extension of malaria areas in 2050

Effect of temperature increase on 
the extension of Schistosomiasis 
japonica (parasite) transmission 
areas 
(Modeling, with +1.6°C in China in 
2050) (IPCC 2013, Fig.11.4)



GEJP





1. ECOLOGICAL POLYCRISIS
2. COSTS are DIFFICULT to ASSESS



CRIS

CRIS sovereign analyses

Nov 2017

– The countries most at risk account for 11% of the world economy 
and 28% of global population. 

– These countries are particularly exposed and vulnerable to the 
intensification of flooding, sea level rise and storms. 



CRIS

•Climate change impacts have significant economic 
losses

2015 worldwide natural disasters
Source : Munich Re 2016

• 1,900 loss events in 2016, overall loss amount in 2016 climbed to US$ 175bn
• 93% of all events are weather related 

• Number of events causing economic losses has tripled between 1980 and 
2014.

• In 2016, only 30% of 2016 weather-related loss events are insured.

Nov 2017



Significant risks to 
infrastructures

Potential inundation of Dzaoudzi–Pamandzi airport by 
0.5 – 3.5 m 

Threat of waves up to 5 m high at Mamoudzou

Risk of damage to LION 2 submarine cable 

Impacts intensify with subsidence, sea-level rise, loss 
of coral reefs

 



Damage 
functions

Nordhaus (2013)

Dietz and Stern 
(2015)

Weitzman (2021)



• Damage 
functions: 
are they 
realistic?

• Woillez, Giraud 
& Godin (2020): 

• A thought 
experiment: 

• -4°C ! 



Burke et al. (2015)
and 
Newel et al. (2018)



+300% GDP 
in Sahelian 
countries?



- Additionalité ?
- Sanction prix ?

- Bâle IV vert ? 
- IFRS/IAS

La finance verte



Evolution of funding for biodiversity protection 
in France

Source: SDES, 
2019



Green Public budgeting in France, 2018

IGF, 2019





1. ECOLOGICAL POLYCRISIS
2. COSTS are HARD to MEASURE
3. 2% for 2°C 















Quelques comparaisons du surcoût public



Non-linear 
Dynamics 
induced by 
multiple back-
loops



1. ECOLOGICAL POLYCRISIS
2. COSTS are HARD to MEASURE
3. 2% for 2°C 
4. COPPING with COLLAPSE
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