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CO 2 emissions and resultant climate change 

have the risk of reducing future wellbeing
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Anticipated impacts include:

ÅChanges in agricultural productivity

ÅImpacts on human health

ÅLoss of life and property

ÅLoss of biodiversity and 
ecosystem services

ÅDesertification and 
freshwater shortage

ÅAdaptation and avoidance measures

ÅAttempts to abate CO2 emissions
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ÅLow abatement costs

ÅIncreasing future damages

ÅHigh risk

Gradual Emissions Reduction
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ÅHigh abatement costs

ÅModerate future damages

ÅModerate risk

Aggressive Emissions Reduction

Decisions to reduce CO 2 emissions 

involve difficult tradeoffs



ĄWith high uncertainty, the risk reduction value 

of emissions reduction may be large
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The role of risk in climate decision -making 

has been largely overlooked 
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Our goals with this project were to:

ÅConstruct a fully probabilistic 
model of climate change

ÅDetermine utility function 
parameters that are consistent 
ǿƛǘƘ ǎƻŎƛŜǘȅΩǎ risk preferences

ÅUse decision theory to assess the 
implications for CO2 reduction 
levels and timing



There is uncertainty in every aspect 

of climate modeling
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Åpopulation growth rate

Åtotal factor productivity

Åchange in carbon intensity

Åclimate sensitivity

Åcarbon cycle mass transfer

Åclimate change damages

Åabatement costs

We address uncertainty in seven key parameters:

Inputs

ωPopulation growth
ωEconomic growth
ωEmissions scenarios

Submodels

Outputs
ωFuture economic 

consumption per 
capita

Energy 
System

Geophysical
System

Economic 
System

Metric for human 

welfare



Model uncertainty leads to a large 

range in model forecasts
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M.D. Gerst, et al. 2010.  Energy Policy38: 4540-4558.

RŜǎǳƭǘǎ ŦƻǊ ΨōǳǎƛƴŜǎǎ-as-
ǳǎǳŀƭΩ ǎŎŜƴŀǊƛƻΣ ǎƘƻǿƛƴƎ 
median and 90% 
predictive interval

present value 
expected utility

2000         2100        2200

2000         2100        2200 2000         2100        2200

r= discount rate

g = coefficient of relative risk aversion
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g = 2
r = 1.5%

Competing approaches to parameter 

specification lead to vastly different conclusions

Empirical

Parameter
Specification

Normative

g = 1.5

r = 0%

Cline, 1992. The Economics of Global Warming

r = 5.5%

g = 2%

Nordhaus, 1994. Managing the Global Commons

~75% by 2050

gr Ö+º gr

wŀƳǎŜȅΩǎ ǊǳƭŜ:

discount 
rate

rate of 
return on
investment

elasticity 
of marginal 

utility

average
consumption
growth rate

º + Ö
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~25% by 2050



Stern, 2007. The Economics of Climate Change. (The Stern Review)

Deterministic Probabilistic

Empirical

Parameter
Specification

Normative

g = 1.5

r = 0%

~75% by 2050

g = 2
r = 1.5%

~25% by 2050
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g = 1
r = 0.1%

~75% by 2050

?



Atkinson G, et al. 2009. Economics3: 

2009-26.

BarskyRB, et al. 1997. Quarterly 

Journal of Economics 112: 537ð579.

Surveys suggest that people have levels 

of risk aversion consistent with g>3

U.S. survey regarding 

personal financial decisions

Global survey regarding economic 

impacts of national policy measures
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Ą Given data on two investments with differing levels of risk, 

socially-relevant values of g and r can be inferred. 

average
return
on safe

investment

average
return

on risky
investment

risk
premiumº +

tǊƻōŀōƛƭƛǎǘƛŎ wŀƳǎŜȅΩǎ rule:

Data on investment returns may reveal 

attitudes toward time and risk
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Bayesian hierarchical inference increases 

statistical power in parameter inference
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ωWe inferred values of g and r 
using historical data from 24 
nations and a Bayesian 
hierarchical approach.

ωProbability distributions 
represent uncertainty in the 
estimation of values.

ωEach nation has its own 
distribution, but some 
commonality is assumed across 
nations. 

g1 g2 g3 g23 g24

f1(g) f2(g) f3(g) f23(g) f24(g)
é

é

global 
distribution fG(g)

nation-specific 
distributions

nation-specific data

ωYields a compromise between 
nation-specific and globally-common 
values.



Nation

Mean asset returns (% per year)

Start 

Date Bills Stocks
Risk

Premium

Australia 1901 1.26 10.27 9.01

Canada 1934 1.05 7.81 6.76

Chile 1925 -0.94 14.30 15.24

Denmark 1915 2.65 7.50 4.85

Finland 1923 1.28 12.68 11.40

France 1870 -0.61 5.43 6.04

Germany 1870 -1.53 7.58 9.11

Italy 1906 -1.12 5.10 6.22

Japan 1915 -0.52 9.28 9.80

Netherlands 1920 1.14 9.01 4.87

Norway 1915 0.98 7.16 6.18

Spain 1883 1.73 6.10 4.37

Sweden 1902 1.80 9.23 7.43

Switzerland 1895 0.83 7.26 6.43

UK 1870 1.79 6.41 4.62

USA 1870 1.99 8.27 6.28
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g

g= 5.6

Historical investment data indicate 

strong aversion to risk

P. Ding,..., M.E. Borsuk 2012. Risk Analysis 32: 1846-1855.

r=1.5%



Deterministic Probabilistic

Treatment of Uncertainty

Empirical

Parameter
Specification

Normative

g = 1.5

r = 0%

~75% by 2050

g = 2
r = 1.5%

~25% by 2050

g = 1
r = 0.1%

~75% by 2050

?
g  = 5.6

r= 1.5%
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Inputs

ωPopulation growth
ωEconomic growth
ωEmissions scenarios

Submodels

Outputs
ωFuture economic 

consumption per 
capita

Energy 
System

Geophysical
System

Economic 
System

Risk & Uncertainty

Present value 
expected 

utility

What are the implications of strong risk 

aversion for emissions reduction?

Åeconomic welfare

Årisk attitude

Åtime discountingr

gUsed by model actors,
not only for post-hoc processing of results



M.D. Gerst, R.B. Howarth, M.E. Borsuk 2013a. Environmental Modeling & Software 41: 176-184.

g= 5.6

What are the implications of strong risk 

aversion for emissions reduction?

Emissions reduction by 2050 (%)    
0          20         40         60        80        100

Ą Strong risk aversion puts greater weight on protection 
against severe outcomes

g= 2

g= 5.6



Summary of Integrated Assessment Modeling

1. Preferences for time, marginal utility, and riskare all 
essential considerations when evaluating CO2 emissions 
decisions.

2. There is empirical evidence that society is more risk averse 
than typically assumed.

Ą This increases the risk reduction value of emissions 
abatement

3. The risk of climate catastrophe implies a strong preference 
for at least moderate emissions reductions (~50% by 2050)
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How do we achieve a 50% emissions reduction? 

ÅGlobal decision theoretic models inform the level and 
timing of CO2 emissions targets, but not how such targets 
can be achieved.

ÅSuch models assume omnipotent, rational decision makers 
όƛΦŜΦ ŀ άōŜƴŜŦƛŎŜƴǘ Ǝƭƻōŀƭ ŎŜƴǘǊŀƭ ǇƭŀƴƴŜǊέύ

ÅThe real world is made up of heterogeneous, boundedly-
rational actors who act largely in their own interests.

Ą Therefore, we are developing an two-level model to 
determine the implications of real-world behavior and 
constraints on CO2 emissions and climate change.
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Two-Level Model (ENGAGE)

International
Negotiation

Domestic Policy 
Ratification and 
Implementation
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Game theoretical approach Evolutionary approach

ÅPerfect rationality and able 

to reason strategically

ÅShared information

ÅOften do not consider 

multi-player (>2)

ÅMechanical particles without 

intelligence

ÅShared information (including 

private information)

ÅLarge number of simulations

We adopted a heuristic approach to mediated negotiation


