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ShortcomingsShortcomings in in current statecurrent state--ofof--thethe--art IA art IA 
modelsmodels

modeling induced technical changemodeling induced technical change
alternative alternative energy technologiesenergy technologies (e.g.(e.g. biomass energybiomass energy,, carbon carbon 
sequestrationsequestration))
interregional interregional linkages linkages (e.g.(e.g. foreign investmentsforeign investments intointo thethe energyenergy
sectorsector))
interactions between climate policies interactions between climate policies and and capital markets capital markets 
ConcernsConcerns of South (e.g.,of South (e.g., intraintra-- andand intergenerational equityintergenerational equity andand
responsibilityresponsibility)) are neglectedare neglected
Policy instruments are treated exogenouslyPolicy instruments are treated exogenously
Spillovers beyond substitution Spillovers beyond substitution and and leakage effects leakage effects 
Integration of land Integration of land useuse and and vegetationvegetation models models 



Hypotheses:Hypotheses:

Technological spillovers will impact Technological spillovers will impact 
cost of climate policycost of climate policy
Emissions trading will intensify Emissions trading will intensify 
foreign investments and capital tradeforeign investments and capital trade
Forerunners in climate policies Forerunners in climate policies 
benefit from spillover effectsbenefit from spillover effects



New New approach approach to to multiregion modeling multiregion modeling 
((within within an an economic economic growth growth model model 
frameworkframework))

–– Alternative toAlternative to Negishi approachNegishi approach

–– ableable toto capture technological spilloverscapture technological spillovers triggered by triggered by 
foreign direct investments foreign direct investments ((exemplary for exemplary for interregional interregional 
externalitiesexternalities, IRTS , IRTS effectseffects))

–– Based Based on on algorithm algorithm to find an intertemporal to find an intertemporal optimum optimum 
((equilibrium equilibrium solution)solution)



Capturing technological spilloversCapturing technological spillovers

Negishi approach does not completely Negishi approach does not completely 
internalize spillover effect internalize spillover effect ((production production 
pricesprices))

Modular Modular approach completely approach completely 
internalizesinternalizes spillover effect based spillover effect based on on 
distinguished import distinguished import and and export pricesexport prices::

pprijrij(t)=(t)=∂∂UUii(t)/(t)/∂∂XXrijrij(t) (t) pepeirjirj(t)=(t)=∂∂UUii(t)/(t)/∂∂XXirjirj(t)(t)



Model StructureModel Structure
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Climate PolicyClimate Policy
Keep global mean temperature below 2°CKeep global mean temperature below 2°C

Resulting global emission paths (from MIND):Resulting global emission paths (from MIND):
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International Emissions TradingInternational Emissions Trading

Globally allocated emission rights Globally allocated emission rights 
correspond to global emission pathcorrespond to global emission path
Contraction& Convergence allocation ruleContraction& Convergence allocation rule
Transition from Grandfathering to Equal Transition from Grandfathering to Equal 
per Capita allocationper Capita allocation
Emission permits allow to extract fossil Emission permits allow to extract fossil 
resourcesresources



Ramsey Ramsey type economictype economic growth growth model model 
((maximizes maximizes intertemporal intertemporal welfare welfare of a of a 
representative householdrepresentative household))

Control Control variables: variables: investmentsinvestments,, trade flowstrade flows, , 
sectoral share sectoral share on on aggregated capital aggregated capital stockstock

Foreign trade Foreign trade ((consumptionconsumption good, good, investmentinvestment
good, good, energy energy resources, emission permits) resources, emission permits) 

Net exportsNet exports//imports are restricted by boundsimports are restricted by bounds:    :    

xxkk
irir(t) (t) ≤≤ XXkk--11

irir(t) , (t) , xxkk
riri(t)(t) ≥≥ XXkk--11

riri(t)(t)

Region Region modules modules 



Generic Model Generic Model –– 4 World Regions4 World Regions

IR1 IR1 –– industrialized world region, low energy industrialized world region, low energy 
resources endowment (e.g. Europe)resources endowment (e.g. Europe)
IR2 IR2 –– industrialized world region (e.g. North industrialized world region (e.g. North 
America)America)
DR1 DR1 –– developing world region, high energy developing world region, high energy 
resources endowment (e.g. OPEC+)resources endowment (e.g. OPEC+)
DR2 DR2 –– developing world region, high productivity developing world region, high productivity 
growth (e.g. China, India)growth (e.g. China, India)



Spillovers via foreign direct investmentsSpillovers via foreign direct investments

∆∆TFPTFPii = = ΣΣrr((FDIFDIriri(t)/(t)/KKii(t))(t))γγ * * ββ*(*(TFPTFPrr(t)(t)--TFPTFPii(t))(t))

TFP: TFP: Total factor productivityTotal factor productivity

K:K: Capital stockCapital stock

γ, γ, β: β: ParametersParameters



Convergence of regional welfare measureConvergence of regional welfare measure



Climate PolicyClimate Policy

Welfare Changes
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REMIND1.0REMIND1.0
Incorporates advanced features of the global IA model Incorporates advanced features of the global IA model MINDMIND::

endogenous technological change (LBD, R&D)endogenous technological change (LBD, R&D)
separate energy and extraction sectorseparate energy and extraction sector
Investment dynamics Investment dynamics 
No CCSNo CCS

4 World Regions: 4 World Regions: 
Europe Europe –– industrialized world region, low energy intensityindustrialized world region, low energy intensity
USAUSA –– industrialized world region, high labour productivityindustrialized world region, high labour productivity
ChinaChina –– developing world region, high productivity growthdeveloping world region, high productivity growth
ROWROW



Spillovers via foreign direct investmentsSpillovers via foreign direct investments

∆∆LELEii = FDI= FDIUSA,iUSA,i(t)/K(t)/Kii(t)(t)γγ * * ββ*(LE*(LEUSAUSA(t)(t)--LELEii(t))(t))

∆∆EEEEii = FDI= FDIEUR,iEUR,i(t)/K(t)/Kii(t)(t)γγ * * ββ*(EE*(EEEUREUR(t)(t)--EEEEii(t))(t))

LE:LE: Labour efficiencyLabour efficiency
EE:EE: Energy efficiencyEnergy efficiency
K:K: Capital stockCapital stock
γ, γ, ββ: : ParametersParameters



Consumption Losses (no spillovers)
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Consumption losses (with spillovers)

-6.00

-4.00

-2.00

0.00

2.00

4.00

6.00

1995 2010 2025 2040 2055 2070 2085 2100 2115 2130 2145

year

%

Europe
USA
China
ROW



Consumption gains from Spillovers
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Consumption gains from Emissions Trading
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Capital Stock in  USA's extraction sector
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Difference in Foreign Direct Investments (between Climate 
Policy and BAU scenario)
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Difference in Foreign Direct Investments (Between 
Spillover and Non-spillover case)
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Difference in Foreign Direct Investments
(between ET and no ET)
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Preliminary ConclusionsPreliminary Conclusions

Modelling technological spillovers will Modelling technological spillovers will 
result in higher consumption levelsresult in higher consumption levels
Technological spillovers lead to Technological spillovers lead to 
different regional cost of mitigation different regional cost of mitigation 
Emissions trading and Climate Policy Emissions trading and Climate Policy 
change the direction of foreign change the direction of foreign 
investments investments 
Forerunners in climate policy benefit Forerunners in climate policy benefit 
from spilloversfrom spillovers


