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4 Types of Uncertainties4 Types of Uncertainties in CC in CC
 Natural:Natural: C-cycle, feedbacks, climate C-cycle, feedbacks, climate

sensitivitysensitivity
 Socio-economicSocio-economic 1: future GHG emissions 1: future GHG emissions
 Socio-economicSocio-economic 2: vulnerability 2: vulnerability

 Vulnerability 1: level of affluenceVulnerability 1: level of affluence
 Vulnerability 2: Vulnerability 2: envenv. change beyond CC. change beyond CC

 Technological:Technological: diffusion+mitigation costs diffusion+mitigation costs
 Political/policyPolitical/policy: : type of decisions, policytype of decisions, policy

scope, policy instrumentsscope, policy instruments
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Major Uncertainties in ScenariosMajor Uncertainties in Scenarios

 Demographic Demographic (growth & composition)(growth & composition)
 Economic Economic (growth, structure, disparities)(growth, structure, disparities)
 Social Social (values, lifestyles, policies)(values, lifestyles, policies)
 Technological Technological (rates & direction)(rates & direction)
 Environmental Environmental (limits, adaptability)(limits, adaptability)
 ValuationValuation (metrics, discounting, non- (metrics, discounting, non-

market damages and benefits)market damages and benefits)
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DriversDrivers
RelationshipsRelationships
InterdependenciesInterdependencies
Emissions (outcomes)Emissions (outcomes)



Source: Lutz, Sanderson, &Source: Lutz, Sanderson, & Scherbov Scherbov, Nature, 2001, Nature, 2001.

Global Population ScenariosGlobal Population Scenarios
World, Total Population (in mlrd)
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GDP - WORLD- 2020
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GDP - WORLD- 2050
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GDP - WORLD- 2100
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GDP - WORLD- 2100
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Primary Energy - WORLD - 2020
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Primary Energy - WORLD - 2050
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Primary Energy - WORLD - 2100

0%

20%

40%

60%

80%

100%
0

20
0

40
0

60
0

80
0

10
00

12
00

14
00

16
00

18
00

20
00

22
00

24
00

26
00

28
00

30
00

32
00

34
00

36
00

38
00

40
00

A1

A2

B1

B2

Median

25 percentile - - - 

75 percentile - - - 

___

Non-intervention



Nakicenovic #Nakicenovic #1313 IIASA & TU-IIASA & TU-WienWien 2004 2004

Primary Energy - WORLD - 2100
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DriversDrivers
RelationshipsRelationships
InterdependenciesInterdependencies
Emissions (outcomes)Emissions (outcomes)
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Energy Investment Costs from LiteratureEnergy Investment Costs from Literature

 



Distribution of Investment Costs in 2020Distribution of Investment Costs in 2020
Distribution of Investment Costs by 2020
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DYNAMICS OF TECHNOLOGYDYNAMICS OF TECHNOLOGY

 Deep Uncertainty:Deep Uncertainty:
Limited knowledge on feasibility and costs Limited knowledge on feasibility and costs 
of future technologiesof future technologies

 Technological Learning:Technological Learning:
Improvements are a function of   Improvements are a function of   
accumulated experience (learning curve)accumulated experience (learning curve)
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Technological Learning and UncertaintyTechnological Learning and Uncertainty

 Integration of stochastic Integration of stochastic 
drawsdraws

 Objective function incl. “risk Objective function incl. “risk 
term” term” 

 NonNon--convex, stochastic convex, stochastic 
optimizationoptimization

 Common population, GDP andCommon population, GDP and
final energy demandfinal energy demand

 Result: optimal diversification Result: optimal diversification 
portfoliosportfolios



 CO CO22 Emissions from Scenarios with Technological Uncertainty Emissions from Scenarios with Technological Uncertainty
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DriversDrivers
RelationshipsRelationships
InterdependenciesInterdependencies
Emissions (outcomes)Emissions (outcomes)
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Cumulative COCumulative CO22 EmissionsEmissions
Histogram for 190 Scenarios in the LiteratureHistogram for 190 Scenarios in the Literature
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Representation of UncertaintyRepresentation of Uncertainty

 Tails often more important than the meanTails often more important than the mean

 Distributions for drivers and relationshipsDistributions for drivers and relationships

 Interdependencies among driversInterdependencies among drivers

 Uncertainty increases with resolutionUncertainty increases with resolution

 Span ranges of models and scenariosSpan ranges of models and scenarios



Nakicenovic #Nakicenovic #2929 IIASA & TU-IIASA & TU-WienWien 2004 2004

PopulationPopulation
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InternetInternet
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Night LightsNight Lights



Nakicenovic #Nakicenovic #3232 IIASA & TU-IIASA & TU-WienWien 2004 2004

Night LightsNight Lights
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__  TemperatureTemperature
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