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Aim of the paper

• Define optimal emissions path, optimal green 
investment and optimal dirty (dis)investment for 
the world economy

• Define optimal prudence in the face of
– Macro economic risk
– New information on the climate system
– Possibility of a tipping point in the climate system

• What if we delay optimal policy?
• What if we want to keep dirty capital until their 

end-of-life?
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Climate and mitigation objectives

Source: IPCC (2018)
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IEA, world Energy Outlook 2020.5
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Locked into high-carbon capital assets

• Many of existing physical capital stocks are fossil-based 

– Coal/gas power plants and distribution networks

– Steel mills

– Road networks

• Physical capital stocks

– Long-lived (e.g. 50 years for coal plants)

– Large initial investments under expectation of productive 

asset life

– Costly to repurpose to other (low-carbon) uses
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In between 2 extreme strategies

No stranding strategy 

This minimises 

stranding costs and 

contributes to 

smoothing the 

transition…

…but it warms the 

earth fast and 

accentuates tipping 

point risks 

Abrupt stranding 

strategy

Scrap today high-carbon 

capital stocks ahead of 

their natural end-of-

life…

…but, if done abruptly, 

it would create large 

stranding costs
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Integrated assessment model

• Economic growth model + climate 

• We maximize welfare

– Different from minimizing costs for a given 

temperature target. 

• A top down/general equilibrium model

– Focus on dynamic optimization and risk assessment

– Different from engineering/energy models with a lot 

of detail
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Social Cost of Carbon 
= Marginal Abatement Cost

• Reducing one unit of emissions avoids a 
continued stream of climate damages in the 
future (SCC)

• Reducing an extra unit of emissions is costly
(MAC)

– Low emission technologies are more expensive than
high-emission technologies. 

– Low emission technologies are even more expensive if 

• they replace high-emission technologies before end-of-life, 

• they are retrofitted to existing capital

• lead to macro-economic adjustment costs
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Our contribution

• The model has three distinctive 

characteristics:

– Rigidities associated with both capital 

accumulation and capital conversion (stranding)

– Data-driven emission abatement cost function

– Multiple climate and economic uncertainties 

captured by stochastic processes
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1 Stranding/repurposing costs

• Emissions decreasing at more than 5,5% per year requires 
repurposing/stranding

– Decay rate of dirty capital 4%

– Decrease of carbon intensity of dirty capital 1,5%

• Repurposing is cheap for small amounts and costly for large 
amounts.

Costs

Repurposing/stranding
R*
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2. Costs of emission reductions

• Costs of emission reductions in our model are 
fitted on data from detailed energy system 
models contained in the IPCC database. 

Total Abatement Cost
(% of GDP)

Abatement
E=0
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3. Uncertainty

• Economic uncertainty
– Correlated Brownian motions on both types of capital 

stocks

• Climate uncertainty
– Brownian motion on temperature

– Jump on temperature 

• We employ Epstein-Zin-Weil preferences

• Dynamic programming: optimal prudence today, 
knowing that we can adapt optimally to new 
information in the future
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Conclusions

• Inertia of dirty capital has a large impact on the optimal 
emission scenario. The social cost of carbon is 15% higher. 

• Starting in 2020 
– repurpose/strand 350 $Billion of dirty assets per year (1.5% of 

total investment) 
– at a cost of 190 $Billion per year.

• Delay until 2030
– stranded assets are 80% larger 
– repurposing/stranding costs double.

• Policies that try to avoid repurposing/stranding 
– social cost of carbon which is 10% higher 
– A net welfare loss of 10 $Trillion. 

• I countries believe the Paris agreement with be respected; 
they can avoid stranded assets by stringent climate policy 
today. 19



Back-up slides
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Equations

Emissions
𝐸 = 𝜓𝑡𝐾𝑑

Production 

𝑌 = 𝐴𝑡𝐿𝑡
1−𝛼 𝐾𝑐 + 𝐾𝑑

𝛼 𝑒𝜙𝑡𝐸−𝜑𝑡𝐸
2+𝛽 ሶ𝐸−𝛾𝑇2

Capital dynamics with financial adjustment costs and geometric Brownian motion
𝑑𝐾𝑐 = 𝐼𝑐 − 𝜁𝐼𝑐

2 − 𝑟 − 𝛿𝐾𝑐 𝑑𝑡 + 𝜎𝑐𝐾𝑐𝑑𝑊𝑐

𝑑𝐾𝑑 = 𝐼𝑑 − 𝜁𝐼𝑑
2 + 𝑟 − 𝜃1𝑟

𝜃2 − 𝛿𝐾𝑑 𝑑𝑡 + 𝜎𝑑𝐾𝑑𝑑𝑊𝑑

Consumption is production net of investments
𝐶 = 𝑌𝑓 − 𝐼𝑐 − 𝐼𝑑

Temperature follows a Brownian motion and jump process 
𝑑𝑇 = መ𝜉𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑑𝑡 + 𝜎𝑇𝑑𝑊𝑇 + 𝜆𝑇𝑑𝑃

Optimization for expected utility (main model uses Epstein-Zin)

max
𝐼𝑑,𝐼𝑐

න
0

∞

𝑒 𝜌−𝑛 𝑡𝑢
𝐶

𝐿
𝑑𝑡
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Damage as % of GDP vs warming
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Macro-financial transition costs

Source: Semieniuk et al. (2020)
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