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Climate Change: observations



How warm is it going to be in 2100? 

Are the changes going to be ‘smooth’ or 
‘bumpy’? 

When is it too late to act to prevent dangerous 
climate change through emission reductions? 

Main questions?

Are there any alternatives to avoid dangerous 
climate change? 

Climate Sensitivity

Tipping Points

Safe Carbon Budget, Point of No Return

Negative emissions, Geoengineering



Dangerous Climate Change?

IPCC, Special Report, October 2018

1.5K 
2.0K 



Tools



Future Climate Change: 
Representative concentration pathways

IPCC, Chapter 11, 2013



Projection results

IPCC, 2013



How to avoid dangerous climate change?

- Determining  what happens under different 
scenario’s

- Evaluate effects of action choices

- Include uncertainty

Need for an efficient (stochastic) 
climate (incl. carbon cycle) model ! 



Linear Response Theory (LRT)

Using LRT  one can determine the 
response to any forcing!

Ruelle (1998)
Ragone et al, (2016) 
Lucarini et al. (2017) 



Procedure 



CMIP5  simulations
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Results Linear Response Theory
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From LRT to Stochastic State  
Space Model



Coupling a Carbon Model



Stochastic State Space Model

Carbon Temperature



Results: Probability density functions
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Save Carbon Budget
Maximum Cumulative Emissions that reach a certain warming target 

p(�T  Tmax) = �

IPCC-AR5: 377 - 517 GtC to likely stay below 2 K 
Millar et al. (2017): 200 GtC to likely stay below 1.5 K 

Tmax = �T2100
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Economy & Transition pathways

m(2005) = 0.1355 
m(2015) = 0.14 

(WEC, 2016)



Point of No Return (PONR)

Save Carbon Budget: 
We cannot reach target X by emitting more than Y  

Point of No Return: 
We cannot reach target X by starting reduction after year T  



PONR: results
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Probability of not exceeding ‘safe’ 
temperature thresholds in 2100  



Effect of Negative Emissions

Probability of not exceeding ‘safe’ 
temperature thresholds in 2100  

20352018
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PONR: results

The PNR for 1.5 K has been passed! 

AM



Scenarios

0

1

p >
1
.5

K A

0

1

p >
2
.0

K B RCP2.6
RCP4.5
RCP8.5
MM, 2025
MM, 2040

2020 2040 2060 2080 2100
year

0

20

E
(G

tC
) C

AM
AM

Probability 
to exceed 
1.5 K

Probability 
to exceed 
2 K



NO 
POLICY 

CURRENT 
PLEDGES  
(if 
fullfilled) 

NEEDED 
TO REACH 
EVEN 2ºC 

 Rogelj et al. 2016

Even if all states 
keep their 
intended 

contributions,
we are NOT 

on the right path 
to reach the 

Paris agreement!
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Summary

• Shown value of Linear Response Theory in the CMIP5 context 

• Build an stochastic state space model to adequately determine the   
climate response to emissions.

• Easy to communicate metrics: 
•  SCB: “We cannot reach target X when emitting more than SCB”
•  PONR: “We cannot reach target X when starting after year 

PONR”

PONR with realistic action pathways is close (2035 for 67%) for 
the 2K target and already passed for the 1.5K target.  
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