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Climate change :
   transition
      bifurcation 
        or catastrophe ?
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Temperatures of the past 50,000 ys



Temperatures of the past 2,000 or 200 ys



A nudge



A small nudge
The Keeling curve : we have reached 420 ppm 
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The Earth is a complex system



which is thrown out of equilibrium
It should send back as much energy as it receives



How does a complex 
system in equilibrium 
respond to a small 
nudge ?



First answer : smooth transition
Small changes all over the place

● It is estimated that if the CO2  level from 250 (preindustrial) doubles 
to 500 ppm, mean temperatures will increase between 3 and 6°C

● The smooth transition scenario would be that there is a quantitative 
change : the climate we know would be about the same, with warmer 
summers and winters

● This can already have dire consequences : some combinations of 
heat and humidity are lethal (40°C and 100%). Such combination 
would become much more frequent and render some regions 
unhabitable (Costa Rica)



Assuming a smooth transition...
William Nordhaus, Nobel prize in economics (2018)

3°5 warming is « optimal » ? Really ?                                                               y



Second answer : bifurcation
● An example : buckling



Second answer : bifurcation
● There is now a qualitative difference : if the force exceeds a certain 
threshold, the structure of the system changes

● This change is continuous, proportional to the distance from the 
threshold

● The change is reversible : if we stop applying force, or if we decrease 
the force we apply, the beam recovers its original shape (the original 
equilibrium is restored)



Climate bifurcation



Climate bifurcation





Find out what happens to your 
favorite region

● There is an interactive atlas on the IPCC website

https://interactive-atlas.ipcc.ch/



Third answer : catastrophe
René Thom 1923-2002



Third answer : catastrophe



A large response to a small nudge



No turning back



The master himself

Tiré de la BD
« Urgence Climatique : 
il est encore temps ! »

I. Ekeland et E. Lecroart



Third answer : catastrophe

● A small nudge may cause a catastrophic change : the system jumps 
from one equilibrium to another one far away

● The change is irreversible : crossing the threshold back in the other 
direction does not restore the former equilibrium

● There is hysteresis : for a given value of the input (CO2), there may 
be several possible equilibria. Which one prevails depends on the 
past history 







Fourth answer : the unexpected
● Throwing the dice

●  From Snorri Sturluson, The saga of Olav Haraldsson (1230)
●  Retold in Ekeland, « Au hasard » (2000)
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● The Rumsfeld classification
●  Known knowns
●  Known unknowns
●  Unknown unknowns



Fourth answer : the unexpected
● Throwing the dice

●  From Snorri Sturluson, The saga of Olav Haraldsson (1230)
●  Retold in Ekeland, « Au hasard » (2000)

● The Rumsfeld classification
●  Known knowns
●  Known unknowns
●  Unknown unknowns

It is impossible to know all there is to know about a living being, and all the 
more about planet Earth l





What is to be done ?

●Fortunately, there is much to be done. This is also part of the 
problem, because :

●There is no simple answer to a complex problem. The answer 
has to be complex



The future

●Paris agreement (2015) : limit global warming to 2°C, and 
preferably 1,5°C by 2100

●This is is a political agreement, as close to a consensus as we 
will ever come in such a divided world

●Supported by growing anxiety in the developed world, 
especially among the younger generation

●So how to we do it ?



The future
●Paris agreement (2015) : limit global warming to 2°C, and 
preferably 1,5°C by 2100

●The economist wants a carbon tax, the engineer wants a 
carbon-free process of production, the agronomist wants 
customized fertilizers, municipalities want to restructure 
urban tranportation…

●But there is no simple answer to a complex problem. The 
answer itself has to be complex- !

●There is no silver bullet, we should do everything at once, and 
do it together



Prepare for the future 

● This is exciting, because it is a common endeavour, with a rôle for 
everyone : for the economist, for the engineer, for the agronomist, for 
the politician, for the sociologist, for the modeller. 

● Future education and research should take this new perspective into 
account : the future is collaborative. UM6P and Dauphine



Be humble

●  However, since the system is complex, we cannot predict everything, 
especially in chaotic times such as these

●  So we have to develop rules to act by when information fails :
●Precautionary principle (when in doubt, abstain)
●Personal ethics (Greta Thunberg and flyskam)



No man is an island,

Entire of itself;

Every man is a piece of the continent, 

A part of the main.

If a clod be washed away by the sea,

Europe is the less,

As well as if a promontory were:

As well as if a manor of thy friend's

Or of thine own were.

Any man's death diminishes me,

Because I am involved in mankind.

And therefore never send to know for whom the bell tolls;

It tolls for thee.
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