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Can we control carbon dioxide?
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Can we control carbon dioxide?

» We can and we should.
> First suggestion of 2C as safe threshold for temperature stabilization.

» Optimal control starts only in 2020-centered period, which "implies that there is
still a comfortable amount of time to continue research and to consider plans for
implementation of carbon dioxide control if it is deemed necessary."



The precursor of Integrated Assessment Models
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41 years later
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45 years later
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Integrated Assessment Models today
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One big challenge: uncertainty

Harry Potter and the Prisoner of Azkaban (Warner Bros.)




Uncertainty: Climate response

Equilibrium climate sensitivity (gregory method) and transient climate response
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Uncertainty: Economic climate impacts

GDP Impact
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Uncertainty:

Socio-economic drivers

Socio-Economic
«

Socio-Economic Challenges to Adaptation

to
Mitigation Low Medium High
SSP5: Fossil-fuelled development SSP3: Regional rivalry
+ low population * high population
« very high economic growth per capita  low economic growth per capita
« high human development «low human development
High « high technological progress «low technological progress
« ample fossil fuel resources « resource-intensive lfestyles
« very resource intensive lifestyles « resource-constrained energy and food demand
« high energy and food demand per capita per capita
« ecanomic convergence and global cooperation « focus on regional food and energy security
* regionalization and lack of global cooperation
$5P2: Middle of the road
* medium population
« medium and uneven economic growth
 medium and uneven human development
Medium + medium and uneven technological progress.
« resource-intensive lifestyles
 medium and uneven energy and food demand
per capita
« limited global cooperation and economic convergence
SSP1: Sustainable development §SP4: Inequality
« low population « Medium to high population
* high economic growth per capita * Unequal low to medium economic
« high human development growth per capita
« high technological progress  Unequal low to medium human development
Low « environmentally oriented technological and

behavioural change
« resource-efficient lifestyles
« low energy and food demand per capita
« economic convergence and global cooperation

* unequal technological progress: high in globalized
high-tech sectors, slow in domestic sectors

« unequal lifestyles and energy /food consumption:
resource intensity depending on income

* Globally connected elite, disconnected domestic
work forces

https://tntcat.iiasa.ac.at/SspDb/
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Uncertainty: Technological

c ibution to net emission reduction, 2030 (GtCO,-eq yr~)
Mitigation options 0 3 4 6
Wind energy
Solar energy
:;J;ljg‘:g Net lifetime cost of options:
&| Geothermal energy I Costs are lower than the reference
E Nuclear energy [T 0-20 (USD tCO-eq)
Carbon capture and storage (CCS) I 20-50 (USD tC0x-eq”)
Bioelectricity with CCS I 50-100 (USD tCOz-eq™")
Reduce CH, emission from coal mining [ 100-200 (USD tCOz-eq”)
Reduce CH, emission from oil and gas L Cos_t "_°_t allocated due to high
variability or lack of data
Carbon sequestration in agriculture
Reduce CH, and N,O emission in agriculture
= | Reduced conversion of forests and other ecosystems
E‘ Ecosystem i ion, r i
< Improved sustainable forest management
Reduce food loss and food waste
Shift to balanced, sustainable healthy diets

IPCC AR6 WG3 Summary for Policy Makers 2022
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Other uncertainties

Discount rates
Elasticity of substitution between factors of production

Adaptation costs

>
>
>
> Istitutional development
» Systemic links

>

What to do?



Ensembles of scenarios: Scenario explorer
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Dimensionality reduction
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Under/over representation
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What drives emissions the most?

% Change in Cumulative CO2 Fossil Fuels Emissions 2010-2050 wrt SSP2 under BAU
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What drives emissions the most?
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Does climate action matter?
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Does climate action matter?
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Decision space
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Adaptive strategies hedge extreme climate futures
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Adaptive strategies hedge extreme climate futures
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Tipping points
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Tipping points
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Socio-technical tipping points
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Socio-technical tipping points
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Socio-technical tipping points
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One last thought: complexity

Model error

Model
inadequacy
error

Model error

Propagation
error

Model complexity

Saltelli 2019
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Thank you!

g.marangoni@tudelft.nl
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