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Tipping Points in the Earth System
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Optimal Emissions vs Climate Sensitivity
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CS does matter!
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Does Climate Uncertainty matter for the
State-of-the-Art Economic Model MIND?

⇒ ∆GDP-Loss ≈ ½%  * ∆CS [°C ]
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Are there limits to adaptation?

Dutch cow 
ready for 
sea level 
rise?
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Mitigation costs
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Conventional wisdom

• ITC reduces mitigation costs only in partial 
equilibrium models.

• Technological change is not a free lunch, it
has its own opportunity costs.
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Models in the IMCP

Computational general equilibrium 
models (CGE)

IMACLIM-R

Static equilibrium + 
recursive dynamics

Simulation models
E3MG

Initial value problems

Energy system models
MESSAGE-MACRO
GET-LFL
DNE21+

Cost minimization

Optimal growth models
ENTICE-BR  
FEEM-RICE
DEMETER-1CCS
AIM/Dynamic-Global
MIND 1.1

Welfare maximization

Bottom UpTop DownCalculus

Technological detail
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IMCP Scenario Definitions

no TC

endogenous TC

time

costs per capacity

Baseline

Policy Scenario with ITC

induced induced technological changetechnological change

endogenous TC

time

costs per capacity

Policy Scenario without ITC

baseline TC

time

costs per capacity
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Mitigation Costs with ITC
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Mitigation Costs without ITC
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Mitigation Costs – Result 

• Induced Technological Change reduces the 
mitigation costs

• Mitigation costs increase with stabilisation levels 
despite ITC

• The “typical” IMCP model derives mitigation 
costs below 1 % of gross world product for 
stabilisation scenarios of 450 - 550ppm CO2.
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Shadow prices

With ITC Without ITC
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Cumulative CO2 Reduction for 550ppm 
Stabilization Scenario

Source: Edenhofer, Lessmann et al. 2006
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Energy Intensity/Carbon Intensity with ITC

Source: Edenhofer, Lessmann et al. 2006
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Energy System and Hybrid Models
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Energy System
2100

Source: Edenhofer, Lessmann et al. 2006
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Captured CO2 and Total CO2 Emissions
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Why are hybrid models important for 
modelling ETC and ITC?

• ITC is channelled at different levels of the economic 
system

• Important aspects are:
– Sector and region specific channels
– Expectations about future investments (time-

consistency)
– Backstop technologies, end-of-pipe and ETC in the 

fossil fuel sector
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What are hybrid models?

• Hybrid models combine features or modules 
from different conceputal frameworks in a 
consistent way

• The different features or modules can be 
coupled either online or offline
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Sensitivity Analysis in MIND – GWP

Energy sector

Resource extraction

Macro-economy
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ITC in Extraction
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cumulative resource extraction cr

marginal costs Cres

χ4 → shape

χ2

χ3

χ1

Marginal Extraction Costs

adapted from Nordhaus/Boyer (2000)
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χ3 χ4
Nordhaus/Boyer 2000 4 6000
Edenhofer et al. 2006 2 3500
Peak Oil (a) 2 500
Peak Oil (b) 2 1000
"Tar sands" 3 500

Scenario Definitions
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Resource Extraction

business as usual 450ppm CO2 concentration stabilization
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Carbon Capturing and Sequestration
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Mitigation Options

CO2 reduction, attributed to mitigation options
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GDP Losses
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MIND – A Case for Hybrid Modelling

• Technological Change in the fossil fuel sector is 
crucial in determining the opportunity costs of 
climate protection.

• For a realistic estimations of costs and 
strategies, TC in the following sectors is crucial:
– Backstop technologies
– End-of-pipe technologies
– Extraction and exploration sector


