
  

What is climate change ?



  

Temperatures of the past 50,000 years

An equilibrium has prevailed for the past 10,000 Years



  

Temperatures of the past 200 Years

We are rapidly moving away from the past equilibrium



  

The push



  

In fact, a nudge : the carbon cycle



  

The Keeling curve

1750 1800 1850 1900 1950 2000
Years (C.E.)

200

250

300

350

400

CO
2 

Co
nc

en
tra

tio
n 

(p
pm

)

 

Last updated February 19, 2023



  

Summary

● Earth is a complex system which is in thermal equilibrium
– It sends back as low-frequency (infrared) radiation the high-frequency 

radiation it receives from the sun

● Human emissions of CO2 and other greenhouse gases 
(GGs) perturb the equilibrium
– GGs absorb part of the infrared radiations emitted by the ground. 

As a result, Earth is no longer sending back as much energy as it 
receives from the sun (the surplus retained is 4Watt/m²)

● This is a small shock (a nudge)
– A shock because of the time scale : 1 century vs 10,000 ys
– Small because of the magnitude : from 250 ppm to 420 ppm



  

How does a complex system in equilibrium 
react to a nudge ?

● It will move to another equilibrium, but how ?
– First answer : smooth transition 

– Second answer : bifurcation

– Third answer : catastrophe

– Fourth answer



  

First answer :

Smooth transition



  

Smooth transition

● It is estimated that if the CO2  level from 250 
(preindustrial) doubles to 500 ppm, mean temperatures 
will increase between 3 and 6°C
– It is now at 420 ppm

● 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 is what mainstream economists assume



  

Nordhaus, Nobel prize in economics 2018

● His models show that 3°5 in 2100 is optimal. Really ?



  

Smooth transition

● 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 is what Nordhaus assumes

● Even a smooth transition may have dire consequences



  

In the optimal world : killer days



  

In the optimal world : sea level rise



  

In the optimal world : extreme sea events



  

Impact on coastal communities 

● 600 Million people live less than 10m above sea level

● 2.4 Billion people live less than 100 km from the sea



  

Second answer :

Bifurcation 



  

Bifurcation

An example : buckling (Leonard Euler, 1677)



  

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



  

Qualitative changes : the Mediterranean

To learn more about your region: see the IPCC Interactive Atlas
 https://interactive-atlas.ipcc.ch/



  

Third answer :

Catastrophes
(in the sense of René Thom)

 



  

René Thom (1923-2002)



  

Smooth changes

● The curve deforms as we 
move from position 1 to 
position 7

● We can also move back 
from position 7 to  1

● The point to note is that 
the changes are 
continuous and reversible



  

Abrupt response

● We now put a green 
marble a the bottom

● It is in equilibrium
● As we move from 1 to 7 

the equilibrium persists 
until position 6

● The marble then drops 
precipiteously into another 
equilibrium far away



  

No turning back
● We now want to turn the 

clock back : we put a red 
ball down in position 7 
and we move back to 1

● The red ball does NOT 
jump at position 6 where 
the green ball dropped

● It drops only in position 6



  

The master himself

● Look up my graphic 
course 

●



  

Thom’s catastrophe theory

● The change is discontinuous : if the threshold is crossed, 
the system jumps to another equilibrium far away
● The change is irreversible : crossing the threshold in the 
other direction does not restore the previous equilibrium
● There is hysteresis : for a given value of the input (CO2) 
there may be several possible equilibria. Which one prevails 
depends on past history

 These three properties characterize a catastrophe. The 
basic intuition is due to René Thom and there is a beautiful 
mathematical theory



  

Catastrophes in the climate system

● Climatologists call them tipping points : these are 
thresholds, 
– which are known to exist

– which will lead to abrupt, irreversible and major changes if crossed

– but which cannot be located precisely : we do not know when we will 
cross them, and when we cross them we may not even know it 

– latest study in Science, 2022 « Exceeding 1.5°C global warming could 
trigger multiple climate tipping points »



  



  



  

Consequences for policy

● The « optimal » strategy of Nordhaus put us close to 
triggering all the tipping points 

● The consequences cannot be forecast based on past 
data, since the system moves to a very different 
equilibrium

● The precautionary principle : stay away from the tipping 
points



  

Fourth answer



  

Knowing and not knowing

● When you know, you know that you know, 

–



  

Knowing and not knowing

● When you know, you know that you know, 
● and you know that you know that you know, 

–



  

Knowing and not knowing

● When you know, you know that you know, 
● and you know that you know that you know, 
● and so on to infinity

– Spinoza, Ethica, 2, XXI, Scholium
– died in 1677



  

Knowing and not knowing

● When you know, you know that you know
● But when you don’t know, you may not know that you 

don’t know. 



  

A tale from Norway

● Snorri Sturluson, The 
saga of Olav Haraldsson, 
1230



  



  

Knowing and not knowing

● When you know, you know that you know
● But when you don’t know, you may not know that you 

don’t know. Hence the classification of unknowns :
– Known unknowns (probability theory)
– Unknown unknowns (precautionary principle)



  

Knowing and not knowing

● When you know, you know that you know
● But when you don’t know, you may not know that you 

don’t know. Hence the classification of unknowns :
– Known unknowns (probability theory)
– Unknown unknowns (precautionary principle)

● It is impossible to know all there is to know about a living 
being, or about the planet Earth

● Expect many unknown unknowns !



  



  

Climate policies



  

The scope of the problem

● This is an oil barrel. It 
contains 160 liters. How 
many are burned in a 
day ?
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The scope of the problem

● This is an oil barrel. It 
contains 160 liters. How 
many are burned in a 
day ?

● 100 Million
● About the same in gas 

and in coal
● 80 % of all energy used 

by humans
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Climate policies : statements

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

● This 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



  

Climate policies : facts

● Since 2000, annual emissions of CO2 have increased 
60 %. More carbon has been put into the atmosphere 
than in the 75 preceding years. Carbon concentration 
has gone from 373 ppm to 420 ppm 

● Shell and Exxon Mobil plan to increase their production 
35 to 38 % from now to 2030. As for coal, existing mines 
would be enough to break the 1°5 C barrier.

● In France, the government has given up pretending :
– The National Council for Ecological Transition has just issued a 

statement whereby France should operate on the assumption of 
3°C global warming in 2100. 



  

The poverty of ethics
● A compelling ethical case :

– We are all in the same boat
– The stakes could hardly be higher
– Any man’s death diminishes me/ Because I am a involved in 

mankind / Therefore never send to know for whom the bell tolls/ It 
tolls for thee (John Donne, 1600)

– The case has been made over and over again (the first IPCC 
report is in 1988)

● So why is nothing happening ?
–



  

The poverty of ethics
● A compelling ethical case :

– We are all in the same boat
– The stakes could hardly be higher
– Any man’s death diminishes me/ Because I am a involved in 

mankind / Therefore never send to know for whom the bell tolls/ It 
tolls for thee (John Donne, 1600)

– The case has been made over and over again (the first IPCC 
report is in 1988)

● So why is nothing happening ?
● But we are used to that, aren’t we ?

–



  

The true situation

● We are NOT all in the same boat. The 50/10 rule :
– 10 % of the population is responsible for 50 % of the emissions
– 50 % of the population is responsible for 10 % of the emissions
– This holds on the world level as within nations

● People responsible for climate change knew perfectly well 
what they were doing
– In the 80’s all major oil companies had internal reports warning that 

pouring CO2 into the atmosphere would have catastrophic effects in 
the 21st century

Climate change is the modern version of colonialism : a 
small minority uses violence to appropriate common 
resources causing immense suffering to the rest



  

What is to be done ?

● Fighting climate change is a political struggle, at par with 
the other struggles for liberation. 

● Resort to the usual tools of political activism
– Spread the information
– Educate, teach the science, 
– Fight the ideology of markets will not solve the problem
– Vote, organise and demonstrate

● State violence is already present, but has not as yet been 
answered 
– « It is strange and striking that climate activists have not 

committed any acts of terrorism » John Lanchester, LRB, 2007
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The end

Thank you for your attention
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