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Improving climate science and costs benefits

• The climate modelling community is consistently improving its 
understanding of the climate system. 

• What the potential benefits produced by improvements in climate 
science on pathways costs (such as mitigation, damage or adaptation) 
associated with the 1.5°C target with a focus on the timing effect of 
introducing these knowledge improvements in the system. 

• Results of a previous study looking at reducing uncertainty in TCR 
were published in 2015 as: The $10 trillion value of better information 
about the transient climate response by Chris Hope 
https://royalsocietypublishing.org/doi/full/10.1098/rsta.2014.0429

https://royalsocietypublishing.org/doi/full/10.1098/rsta.2014.0429


PAGE model

• We use the cost-benefit Integrated Assessment Model PAGE (Policy 
Analysis of Greenhouse Effect). 

• This model calculates the impacts of climate change and the costs of 
policies to abate and adapt to it. 

• It is inherently probabilistic and provides a distribution of costs –the 
median is presented, unless otherwise specified. 

• The PAGE model is regularly updated to incorporate the latest 
improvements in climate and economic developments (AVOID2 2014, 
Yumashev et al, 2019). 



Case study

• Two cases will be studied in this study: 
• lowering the available carbon budget;
• increasing the value of the transient climate response. 

• These both represent harder challenges for the socioeconomic system 
to abate toward the 1.5°C target. 

• The question is what would be the effects of introducing these 
information with a 5 and 10 year delay.



The improvements in knowledge
• The particulars of the science improvement were defined by the Met Office. 
• Remaining carbon budget for 1.5°C target revised downward  from 580 and 385 

GtCO₂. Derived from the impact of Earth system feedbacks on carbon budgets 
have been accounted: CMIP5 models that include a coupled nitrogen cycle (figure 
6.21 of WG1AR5 Chap6). 

https://royalsocietypublishing.org/doi/abs/10.1098/rsta.2017.0263
• The transient climate response (TCR) has been revised from 2.5°C to 2.7°C, this is 

extracted from HadGEM2-ES (CMIP5) and HadGEM3-GC3.1 (CMIP6) simulations. 
The remaining carbon budget for a 1.5°C target has been reduced from 580 GtCO₂ 
to 460 GtCO₂. 

https://www.metoffice.gov.uk/research/approach/modelling-systems/new-flagship-
climate-models

• We first calculate the implications of these insights introduced as of today, and 
then consider the marginal changes in those implications if the insights had 
occurred five or ten years later.

https://royalsocietypublishing.org/doi/abs/10.1098/rsta.2017.0263
https://www.metoffice.gov.uk/research/approach/modelling-systems/new-flagship-climate-models


Analysis of full impacts of new knowledges

Mitigation Costs Global European United Kingdom

$tn $bn £bn £bn HMRC

TCR increased to 
2.7K 23.0 925 97 82

Carbon budget 
reduced to 385 

GtCO2

31.8 1,273 133 113
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The mitigation costs 
are presented as in 

aggregated and 
discounted until 2100.



Assessment of TCR knowledge delays



Global Europe United Kingdom

Cost Delay $tn $bn £bn £bn HMRC

TCR
increased 

to 2.7K

Mitigation 5 yr 0.4 64 6.7 4.5

Damages 5 yr 0.5 37 3.9 2.9

Adaptation 5 yr 0.3 26 2.8 2.3

Total 5 yr 0.8 90 9.5 6.8

Mitigation 10 yr 1.4 136 14.2 9.7

Damages 10 yr 0.7 46 4.8 3.7

Adaptation 10 yr 0.4 35 3.6 3.1

Total 10 yr 1.8 171 17.8 12.8

Total = Mitigation + Adaptation

Assessment of TCR knowledge delays
All delayed scenario are achieving 1.5°C but delay introduces damages or adapation.
The costs are presented as in aggregated and discounted.



Delays in climate science information

Costs Global Increase Europea
n United Kingdom

Delay $tn % $bn £bn £bn 
HMRC

TCR increased to 
2.7K

5 yr 0.8 3.5 90 9.5 6.8

10 yr 1.8 7.8 171 17.8 12.8

Carbon budget 
reduced to 385 

GtCO2

5 yr 1.9 5.9 157 16.5 12.3

10 yr 3.8 11.8 281 29.4 21.7

The increase is calculated from the extra mitigation costs calculated driven by new information 
available in 2020.



Conclusions
• A 10 years delay in information regarding the carbon budget represents 1% of the 

GDP in 3035, however this increase in costs follows a reduction in costs (due to 
less mitigation pre new information) for 2025 representing 1% of GDP. 

• A 10 years delays increases total cost by 7% and 12% in case of TRC and carbon 
budget respectively.

• In no situation does the delays reduce the associated economic consequences of 
the insights. The additional implied spending relating to the delay in the two 
scientific insights investigated here are significant. 

• These results presume that improved climate science triggers an appropriate 
change in policy as soon as they are acquired. Moreover, the model works in 
“optimisation” mode.

• Both the new insights made tackling climate change harder, a delay in an insight 
that acted in the other direction would be unlikely to result in a cost “saving” – as 
we would be on deeper (and costlier) mitigation than needed over longer time.
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