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Discounting can drive project choice

• Important in climate change because:

 Very long time scales (> 100 years).

 High upfront costs

 Benefits only in the long run (potentially several % of GDP)

• Unintuitive effects:

 Doubling of discount rate can lead to several orders of 
magnitude changes in valuation.

• Stern v. Nordhaus.
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No consensus on correct rate

• Argument for market rate (descriptivists):

 We shouldn’t decide distributive questions through the choice 

of any particular project.  

 Choose projects efficiently and redistribute through overall 

savings rates.
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No consensus on correct rate

• Counter-claim (prescriptivists):

 Must choose each project through ethical evaluation, 
considering its distributive effects.

 Use Ramsey equation, 

r = ηċ + δ
 Implication:  choose your rate through armchair reflection.

• Market rates tend to be higher than “armchair” rates.
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IAMs and discounting

• IAM’s are used to predict possible future outcomes of 

policies.  

 People inside the model need to discount the same way 

actual people do.

• Discounting is a method of evaluating policies.

 Separate from discounting by people inside the model.  
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Existing practice

• Welfare maximization models:

 Use discount rates to determine optimal policies.

 Most use something that looks like a market rate, although the numbers 
vary widely.

 Few or none have error bars, sensitivity analysis or similar features for 
dealing with uncertainty.

 None separate discounting by people inside the model from evaluative 
discounting.

• CGE models

 Not used to optimize.

 But results often presented in terms of PV of outcomes

• Other models
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IAM discount rates vary widely
7

Model

Discount rate

Endogenous? Solution Mechanism People Inside v. OutsideTime Preference Consumption 

Elasticity

Discount Rate

Welfare Maximization Models

DICE 1.5 2 5.5 Endogenous Myopic No

MERGE 3.0 1 5.0 Exogenous FL No

FUND 1.0 1 5.0 Exogenous Myopic No

WITCH 3.0 1 n/a Endogenous FL No

CGE Models

EPPA 4.0 n/a Not available 4.0 Exogenous Myopic n/a

EPPA FL n/a 0.5 4.0 Exogenous FL n/a

Worldscan n/a Not available 3.0-6.0 Exogenous Myopic n/a

GTEM n/a 1 5.0 Endogenous, 

market clearing

Myopic n/a

Other

PAGE2002 

(Hope)

3.0 Not available 3.0-4.7 Exogenous n/a n/a

PAGE2002 

(Stern)

0.1 1 1.4 Exogenous n/a n/a



Our claim

• Separate predictive and evaluative functions of IAMs.

• Reasons:

 Inappropriate for modelers to choose ethics.

 Accuracy: With current state of the art, choosing the 

discount rate implied by ethical choices is guess work.

 There is an alternative procedure, used elsewhere, which 

presents the relevant information to model consumer
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Appropriateness questions 
Who should evaluate the effects of policies?

• Modeler’s ethical views should be irrelevant.

 Modelers should not choose distributional weights

• Other areas of study do not follow similar practices

 Results are presented in terms of who gets what.

 Analysts are reluctant to impose ethical views. 
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Disaggregated presentations are the norm

Welfare effects of proportional consumption-tax reform

Lifetime earnings 

class

Cohort (year of birth)

-54 -30 0 30 ∞

1 1.01 .097 0.94 0.95 0.96

3 1.00 0.99 0.98 0.99 0.99

6 1.00 1.00 1.00 1.01 1.01

9 .099 1.0 1.01 1.02 1.02

12 .099 1.02 1.03 1.04 1.04

Altig, Auerbach, et al (2001)
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Accuracy questions
Do we even know what rate to apply?

• There is no market data on interest rates extending 

beyond 30 years.

• Rate has to be computed within the model.

 Mixed practice – some do, some don’t.  

 But need accurate damage and abatement cost estimates to 

do this.

 If we don’t know damages, we don’t know the discount rate.
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Accurate discount rate requires accurate 

climate damages

• Discount rate will be affected by costs of climate 

damages and climate mitigation.

• Opportunity cost of a policy is based on what other 

choices are available.

 If alternative choice = no mitigation, return to capital might be 

low.  

 If substantial mitigation, return to capital might go up.  

 Want to equalize on the margin. 
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Toy example

Investment in mitigation 

(arbitrary units)

Rate of return on 

incremental mitigation

Market rate of return

0 n/a 1%

100 20% 2%

200 15% 3%

500 10% 5%

700 6% 5.5%

750 5.5% 6%

1,000 5% 7%
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Little modeling of impacts to date

• IAM’s do not currently have realistic representation of 

damages.

 CGE models do not include damages at all.

 Welfare maximization models use an arbitrary damage 

function.

• Conclusion:  we cannot calculate endogenous discount 

rates using existing IAMs.
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Implied Discount Rates as a Function of Damage Coefficient in 

DICE BAU Scenario
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Aggregating uncertain discount rates is not trivial

• Because we are uncertain about the correct damage 

function, use expectation.

• We do not care about expected discount rates. We 

care about expected PV of outcomes.

 Need to compute E[DF x Outcome]

• These are not independent.  Have to compute joint 

probability.

• Need to adjust for risk aversion.
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Implications of inaccuracy

• Use error bars, sensitivity analysis, etc.?

• Or, makes problems with imposing ethical views on 

models worse?
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Alternative: Direct Evaluation

• Bypass entire issue: present outcomes of models in 

terms of consumption flows to relevant groups.

• Why?

 Shows readers what they care about: what are the effects 

of a policy; who gets what.

 Allows readers to evaluate effects using their own metrics.

 Same as used in other areas of policy analysis.
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Example: direct evaluation using DICE
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Example: direct evaluation
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Conclusion

• Simple thesis:

 Separate predictive and evaluative functions of IAMs.

• Inappropriate to combine them.

• With current state of the art, choosing the discount 
rate implied by ethical choices is guess work.

• There is an alternative procedure, used elsewhere, 
which presents the relevant information to model 
consumer.
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Alternative: direct evaluation

Per capita consumption ($) under DICE for BAU and Tax

Year 2015 2025 2035 2045 2055 2065 2075 2085

BAU 10,885 14,337 18,787 24,072 29,990 36,324 42,857 49,397

Tax 10,880 14,333 18783 24,071 30,003 36,371 42,977 49,644

Difference -2 -4 -5 -1 12 48 119 247
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Alternative Scenario

Per capita consumption ($) under DICE, damage exponent = 4 

Year 2015 2025 2035 2045 2055 2065 2075 2085

BAU 10,889 14,314 18,645 23,572 28,626 33,215 36,752 38,835

Tax 10,869 14,268 18,585 23,608 29,132 35,267 41,838 48,625

Difference -20 -45 -60 36 507 2,052 5,087 9,790
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