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nn Using the OMB-mandated dis-
count rate of 7 percent, the Cli-
mate Framework for Uncertainty, 
Negotiation and Distribution 
(FUND) model suggests an aver-
age social cost of carbon (SCC) of 
essentially zero dollars, suggest-
ing no net economic damages of 
global warming.

nn Upon using the OMB-mandated 
discount rate in conjunction with 
updating the equilibrium climate 
sensitivity distribution, the model 
reduces its estimate of the SCC 
for 2020 by nearly $34 a ton (a 
drop of more than 102 percent).

nn The FUND model even allows 
negative estimates of the SCC. 
In some instances, the chance of 
the SCC’s being negative is nearly 
70 percent.

nn With such great sensitivity to 
assumptions producing results 
all over the map, the FUND 
model may remain an interest-
ing academic exercise, but it 
is almost certainly not reliable 
enough to justify trillions of dol-
lars’ worth of additional eco-
nomic regulations with which to 
burden the economy.

Abstract
The Environmental Protection Agency (EPA) calls upon three statistical 
models, known as integrated assessment models, to estimate the value of 
the social cost of carbon, defined as the economic damage that one ton of 
CO2 emitted today will cause over the next 300 years. In 2013, the Heri-
tage Foundation’s Center for Data Analysis (CDA) rigorously exam-
ined one of these models—the DICE model—and found it to be “flawed 
beyond use for policymaking.” This study examines another model the 
EPA uses—the FUND model. As with the DICE model, the CDA finds 
the FUND model to be extremely sensitive to assumptions. In fact, the 
FUND model is so sensitive to assumptions that at times it even sug-
gests net economic benefits to CO2 emissions. Consequently, the CDA 
researchers believe that both models are fundamentally unsound as a 
basis for justifying significant regulations of the American economy.

Unable to enact cap-and-trade legislation, even when he was sup-
ported by filibuster-proof majorities in Congress, President 

Barack Obama famously claimed, “Cap and trade was just one way 
of skinning the cat; it was not the only way.”1 The primary alterna-
tive way to skin the cat is regulation by federal agencies, especially 
by the Environmental Protection Agency (EPA). A disturbing tool 
used to justify an increasing number of costly regulations is some-
thing called the social cost of carbon (SCC) that, for regulatory ben-
efit-cost analysis, assigns a dollar cost to every ton of CO2 emitted, 
which can dramatically tilt the cost-benefit calculus toward more 
expensive regulation.
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The regulatory use of the SCC is disturbing 
because the method for determining the value of the 
SCC, despite the seemingly sophisticated process for 
estimating it, is almost completely arbitrary. It is a 
classic case of “garbage in, garbage out.” Others have 
ably pointed out the fundamental and fatal flaws in 
the damage functions of the computer models used 
to estimate the SCC.2 The damage functions are the 
very core of the models, and the models cannot pro-
vide meaningful SCC estimates without theoreti-
cally and empirically sound damage functions.3 In 
addition, the process appears to have suffered from 
assumptions that are biased to give exaggerated val-
ues of the SCC. However, the EPA (the primary keep-
er of the SCC) appears to be completely immune to 
these criticisms.

This paper takes a different approach to show 
that the SCC estimates are so unstable regarding 
reasonable changes in assumptions as to make the 
SCC entirely unsuitable for regulatory policy even if 
the core damage function were actually legitimate.

Estimating the Social Cost of Carbon
The SCC is a statistic used by several agencies 

within the federal government to quantify the eco-
nomic damages associated with carbon dioxide 
emissions.4 These metrics are estimated through 
the use of three integrated assessment models 
(IAMs)—the Dynamic Integrated Climate-Econ-

omy (DICE) model; the Climate Framework for 
Uncertainty, Negotiation and Distribution (FUND) 
model; and the Policy Analysis of the Greenhouse 
Effect (PAGE) model.5 As with any statistical mod-
els, these IAMs depend on a variety of assump-
tions. In an earlier study, we examined the DICE 
model and found it to be extremely sensitive to 
assumptions. As a result of this sensitivity, we 
have recommended that the DICE model not be 
used as a source for justifying trillions of dollars of 
economic regulations.6

In this study, we perform a similarly rigorous 
analysis of the FUND model. Developed by Richard 
Tol and David Anthoff, the FUND model is another 
IAM used for estimating the SCC. Just like the other 
IAMs used by the EPA, the FUND model’s estimates 
of the SCC are based on Monte Carlo simulations.7 
The EPA reports averages and 95th percentile values 
over the course of these simulations. As we did with 
the DICE model, we performed a sensitivity analysis, 
examining how simple changes to a few fundamen-
tal assumptions (in particular, discount rates and 
equilibrium climate sensitivity distributions) affect 
these estimates.

Unlike the DICE model, however, the FUND 
model allows its estimates of the SCC to be nega-
tive. We also investigated this negativity. The Inter-
agency Working Group’s (IWG’s) recent report, used 
for justifying the SCC as a basis for pervasive regu-

1.	 News release, “Press Conference by the President,” The White House, November 3, 2010,  
http://www.whitehouse.gov/the-press-office/2010/11/03/press-conference-president (accessed March 11, 2014).

2.	 For instance, Robert Pindyck says that “IAM-based analyses of climate policy create a perception of knowledge and precision, but that 
perception is illusory and misleading.” Robert Pindyck, “Climate Change Policy: What Do the Models Tell Us?” Journal of Economic Literature, 
September 2013, pp. 860–872. Also see Anne Smith et al., “A Review of the Damage Functions Used in Estimating the Social Cost of Carbon,” 
American Petroleum Institute, February 20, 2014, http://www.afpm.org/WorkArea/DownloadAsset.aspx?id=4111 (accessed March 11, 2014).

3.	 Damage functions translate temperature increases and sea-level rise to economic impacts within the IAMs.

4.	 The official definition of the social cost of carbon is the economic damages per metric ton of CO2 emissions. For further discussion, see U.S. 
Environmental Protection Agency, “The Social Cost of Carbon,” September 9, 2013,  
http://www.epa.gov/climatechange/EPAactivities/economics/scc.html (accessed September 14, 2013).

5.	 For the DICE model, see William D. Nordhaus, “RICE and DICE Models of Economics of Climate Change,” Yale University, November 2006, 
http://www.econ.yale.edu/~nordhaus/homepage/dicemodels.htm (accessed November 6, 2013). For the FUND model, see “FUND—Climate 
Framework for Uncertainty, Negotiation and Distribution,” http://www.fund-model.org/ (accessed November 6, 2013). For the PAGE model, 
see Climate CoLab, “PAGE,” http://climatecolab.org/resources/-/wiki/Main/PAGE (accessed November 6, 2013).

6.	 David Kreutzer and Kevin Dayaratna, “Scrutinizing the Social Cost of Carbon: Comment to the Energy Department,” The Heritage Foundation, 
The Foundry, September 16, 2013,   
http://blog.heritage.org/2013/09/16/scrutinizing-the-social-cost-of-carbon-comment-to-the-energy-department/, and Kevin Dayaratna and 
David Kreutzer, “Loaded DICE: An EPA Model Not Ready for the Big Game,” Heritage Foundation Backgrounder No. 2860, November 21, 2013, 
http://www.heritage.org/research/reports/2013/11/loaded-dice-an-epa-model-not-ready-for-the-big-game.

7.	 David Anthoff and Richard S. J. Tol, “The Uncertainty About the Social Cost of Carbon: A Decomposition Analysis Using Fund,” Climatic 
Change, Vol. 117, No. 3 (2013), pp. 515–530.
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lation,8 glosses over this fact without discussing its 
implication in detail. Thus, in addition to the above 
analysis, we also estimate the probability that the 
SCC can be negative and discuss the resulting impli-
cations.  Some of these results were presented as a 
component of a public comment regarding the SCC 
that we submitted to the Office of Management and 
Budget (OMB) earlier this year.9

An Overview of the FUND Model
In the FUND model, a series of equations and 

probability densities represent “projections of pop-
ulations, economic activity and emissions, carbon 
cycle and climate model responses, and estimates 
of the monetized welfare impacts of climate change” 
to estimate the SCC.10 Each SCC estimate is based 
on the averaging of 10,000 Monte Carlo iterations 
based on a number of variables, including different 
potential values of how much warming a doubling 
of CO2 will generate. This distribution, known as 
the equilibrium climate sensitivity (ECS) distribu-
tion, statistically models the probability of different 
temperature increases caused by a doubling of CO2 
emissions. The model is estimated over five different 
scenarios projecting economic growth.

Discount Rate. As discussed in our DICE model 
analysis, economists often call upon cost-benefit 
analysis to decide whether an action or rule has net 
economic benefits.11 The objective is to use measures 
of costs and benefits closest to those of the people 
actually affected by the action.

Due to the fact that people prefer benefits earlier 
instead of later and costs later instead of earlier, it is 
necessary to normalize costs and benefits to a com-
mon time whenever these costs and benefits occur 

at different times. For example, few people would 
accept an offer of $4 per year for the next 25 years 
in exchange for $100 immediately, in part because 
there is a risk that the full $100 would not be repaid 
and in part because there are opportunities to earn 
a positive return that would repay more than $100 
over time. In addition, interest rates (or discount 
rates) manifest the human desire for benefits now 
and costs later.

The discount rate is a choice made a priori by the 
researcher. For example, if a 7 percent discount rate 
makes people indifferent to a benefit now versus a 
benefit later (for example, $100 today versus $107 
a year from now), then 7 percent is the appropriate 
discount rate to use.

The OMB has stipulated that government agen-
cies should bound their cost-benefit analyses by 
using discount rates of 3 percent per year and 7 per-
cent per year.12 The OMB directive allows the use of 
additional rates when justified. However, the EPA 
ignored the OMB’s recommendation and instead 
used rates of 2.5 percent, 3 percent, and 5 percent 
per year. We re-estimated the FUND model to 
regenerate the EPA’s estimates and also to generate 
estimates using the mandated 7 percent discount 
rate. Our results are presented in Tables 1 and 2.

Tables 1 and 2 show a number of interesting 
points. Using the 7 percent discount rate as recom-
mended by the OMB results in an estimated SCC 
averaging to essentially zero dollars. Thus, under 
the OMB’s own recommendations, this model sug-
gests that there are no economic damages associated 
with CO2 emissions.

The average standard deviations are also inter-
esting, quantifying the uncertainty associated with 

8.	 U.S. Interagency Working Group on Social Cost of Carbon, “Technical Support Document: Technical Update of the Social Cost of Carbon for 
Regulatory Impact Analysis Under Executive Order 12866,” May 2013, revised November 2013,  
http://www.whitehouse.gov/sites/default/files/omb/assets/inforeg/technical-update-social-cost-of-carbon-for-regulator-impact-analysis.pdf 
(accessed November 6, 2013).

9.	 Kreutzer and Dayaratna, “Scrutinizing the Social Cost of Carbon”; Dayaratna and Kreutzer, “Loaded DICE”; and Kevin Dayaratna and David 
Kreutzer, “Building on Quicksand: The Social Cost of Carbon,” The Heritage Foundation, The Foundry, February 12, 2014,  
http://blog.heritage.org/2014/02/12/building-quicksand-social-cost-carbon/.

10.	 Anthoff and Tol, “The Uncertainty About the Social Cost of Carbon,” which references P. Michael Link and Richard S. J. Tol, “The Economic Impact 
of a Shutdown of the Thermohaline Circulation: An Application of FUND,” Climate Change, Vol. 104, No. 2 (2011), pp. 287–304, and Richard S. J. Tol, 

“On the Optimal Control of Carbon Dioxide Emissions: An Application of FUND,” Environmental Modeling & Assessment, Vol. 2 (1997), pp. 151–163.

11.	 Kreutzer and Dayaratna, “Scrutinizing the Social Cost of Carbon,” and Dayaratna and Kreutzer, “Loaded DICE.”

12.	 U.S. Office of Management and Budget, “Regulatory Analysis,” Circular A-4, September 17, 2003,  
http://www.whitehouse.gov/omb/circulars_a004_a-4/ (accessed September 14, 2013), and Paul C. Knappenberger, “An Example of the 
Abuse of the Social Cost of Carbon,” Cato Institute, August 23, 2013, http://www.cato.org/blog/example-abuse-social-cost-carbon  
(accessed September 14, 2013).
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these probability distributions.13 Although assump-
tions regarding lower discount rates suggest higher 
estimates of the SCC than do higher discount rates, 
the associated standard deviations are, on average, 
also notably higher. These statistics signify the strong 
uncertainty associated with the SCC estimates at lower 
discount rates and, therefore, their lack of reliability.

As a result, these low discount rates result in 
SCC probability distributions with equally likely (or 
unlikely) high and low estimates of the SCC. Table 3 
shows the average 5th and 95th percentiles, respec-
tively, averaged across all five scenarios.

Under all four discount rates, there is a non-zero 
probability of negative SCC. The negative SCC would 
signify a net economic benefit to CO2 emissions (dis-
cussed in more detail under the heading “Negativity 
of the SCC”).

Equilibrium Climate Sensitivity. Although 
global-warming activists, including President Obama, 
consistently claim that the science on global warming 
is settled, anyone who has any familiarity with the 
scientific process would understand that research 
is a constant, ongoing process.14 For instance, one 
critical component of unsettled science is how much 
warming will be generated by a given increase in 
atmospheric CO2 levels. This important (possibly all-
important) relationship is called the ECS. The ECS 
typically gives an expected warming in degrees centi-
grade for a doubling of atmospheric CO2 levels.

Instead of using a single number, or point estimate, 
for the ECS, the integrated assessment models use a 
distribution of possible values for the ECS. In essence, 
the distribution is a spectrum of values in which 
potential temperatures are weighted by their prob-

ability of occurrence. Because of the myriad factors 
that affect measured temperatures, estimates of ECS 
distributions are themselves uncertain and evolve as 
new data and theory are added to the process.

The IAMs used by the IWG to estimate the SCC 
are grounded on the specification of such an ECS 
distribution. Since 2010, the IWG has used an ECS 
distribution based on an academic paper by Gerard 
Roe and Marcia Baker published seven years ago.15 
Since then, a number of updated ECS distributions 
have been estimated, suggesting lower probabilities 
of extreme global warming.16

Further, in the IWG’s original 2013 report,17 the 
use of the Roe–Baker distribution in the FUND 
model was specified incorrectly. After informing 
them of this misspecification, the EPA corrected 
the report and opened up the SCC for public com-
ment.18 We re-estimated the FUND model using two 
updated ECS distributions from studies in the peer-
reviewed academic literature.19 Tables 5–8 show esti-
mates of the average SCC as well as the average stan-
dard deviation across all five scenarios for two more 
recent choices of ECS distributions compared to the 
outdated Roe–Baker distribution used by the IWG.

These tables show a number of interesting chang-
es in the SCC. In particular, the average SCC esti-
mate is markedly lower, and sometimes even nega-
tive, using these newer ECS distributions. There is 
also the continued lack of certainty associated with 
lower discount rates quantified by their high average 
standard deviations, as was the case with the outdat-
ed Roe–Baker distribution.

The IWG reports the overall 95th percentile at 
the 3 percent discount rate across all three models. 

13.	 Of course, although averages across standard deviations are not standard deviations themselves, they enable us to quantify the uncertainty 
associated with the five probability distributions used to estimate the SCC.

14.	 News release, “President Barack Obama’s State of the Union Address,” The White House, January 28, 2014,  
http://www.whitehouse.gov/the-press-office/2014/01/28/president-barack-obamas-state-union-address (accessed March 17, 2014).

15.	 Gerard H. Roe and Marcia B. Baker, “Why Is Climate Sensitivity So Unpredictable?” Science, Vol. 318, No. 5850 (October 26, 2007),  
pp. 629–632.

16.	 Nicholas Lewis, “An Objective Bayesian Improved Approach for Applying Optimal Fingerprint Techniques to Estimate Climate Sensitivity,” 
Journal of Climate, Vol. 26, No. 19 (October 2013), pp. 7414–7429; Alexander Otto et al., “Energy Budget Constraints on Climate Response,” 
Nature Geoscience, Vol. 6, No. 6 (June 2013), pp. 415–416; Magne Aldrin et al., “Bayesian Estimation of Climate Sensitivity Based on a Simple 
Climate Model Fitted to Observations of Hemispheric Temperatures and Global Ocean Heat Content,” Environmetrics, Vol. 23, No. 3 (May 
2012), pp. 253–271.

17.	 U.S. Interagency Working Group on Social Cost of Carbon, “Technical Support Document.”

18.	 Kevin Dayaratna and David Kreutzer, “Heritage Contributes to the Reopening of the White House’s Social Cost of Carbon Discussion,” The 
Heritage Foundation, The Foundry, November 6, 2013, http://blog.heritage.org/2013/11/06/white-house-reopens-the-scc/.

19.	 Lewis, “An Objective Bayesian Improved Approach for Applying Optimal Fingerprint Techniques to Estimate Climate Sensitivity,” and Otto et 
al., “Energy Budget Constraints on Climate Response.”
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The agency uses this statistic to represent an upper 
threshold on the economic damages associated with 
CO2 emissions. To illustrate the sensitivity to chang-
es in the ECS distributions, we present both the 5th 
and 95th percentiles. (See Tables 9 and 10.) These sta-
tistics represent the extremities of the distributions 
modeling the SCC as estimated by the FUND model.

Clearly, the more up-to-date distributions offer 
vastly different estimates of the SCC. Furthermore, 
there is more negativity and just as much, if not more, 
variability of the SCC, especially for the lower dis-
count rates. This variability clearly illustrates the 
FUND model’s sensitivity to assumptions and result-
ing unreliability as a meaningful methodology for 
justifying potentially onerous economic regulations.

Negativity of the SCC. As mentioned, of the 
three statistical models the EPA uses to estimate 
the SCC, only the FUND model allows the SCC to 
be negative. We noticed that the 5th percentiles of 
the SCC indicate negative estimates of the SCC. A 
worthwhile exercise for such models is to estimate 
the probability of a negative SCC. These estimates 
are given in Tables 11, 12, and 13, averaging across all 
five of the model’s economic growth scenarios:

All of these probabilities are non-zero. In fact, for 
the 7 percent discount rate recommended by the 
OMB, the chance for a negative SCC is nearly 70 per-
cent for 2020. If one were to take these results seri-
ously, they would suggest that CO2 emissions are like-
ly to yield a net benefit. Using the 7 percent discount 
rate required by the OMB and using the more recent 
ECS distributions, the FUND model indicates that 
there is a nearly 70 percent chance that, in addition to 
their costly compliance burden, climate policies will 
create economic damage in the future.

The policy prescription implied by negative val-
ues of the SCC would be to subsidize CO2 emissions. 
We do not take such a position here, but merely 
present these results to illustrate how unsuit-
able for regulatory purposes a statistical model is 
that suggests both positive and negative economic 
affects of global warming.

Charts 1–6 are histograms illustrating the wide 
range of estimates that the FUND model’s estimates 

of the SCC can take on for 2020 based on one of the 
model’s five different economic growth scenarios.20

These probability distributions illustrate a num-
ber of important aspects regarding the SCC. In par-
ticular, for the low 2.5 percent discount rates, Charts 
1, 3, and 5 illustrate the great uncertainty associat-
ed with such a model. The distributions are greatly 
spread out and have notable components of their 
probability mass around zero. Additionally, when 
compared across different assumptions regard-
ing discount rates as well as equilibrium climate 
sensitivity, these probability distributions clearly 
illustrate how the SCC estimates are scattered all 
over the map with the overall distributions chang-
ing markedly after tweaking of the model’s most 
fundamental assumptions.

Using a model with such uncertainty is a flawed 
way of devising policy to justify trillions of dollars 
of economic regulations. Table 14 shows how much 
the average estimates of the SCC change as a result 
of simple alterations in ECS distributions and dis-
count rates.

Conclusion
As with any statistical model, IAMs are grounded 

in assumptions that researchers make. As illustrat-
ed here, the FUND model is extremely sensitive to 
many assumptions. Altering the discount rate to 7 
percent as recommended by the OMB and employ-
ing more recent peer-reviewed ECS distributions 
delivers drastically lower estimates of the SCC. Fur-
thermore, changes in the assumptions suggest large 
probabilities of a negative SCC. Other potential 
changes, such as altering the end year to something 
less than the model’s unrealistically distant projec-
tions of economic damages (which extend nearly 300 
years into the future) as well as alterations to the 
model’s loss function, have the potential to change 
the model’s results drastically.21

As a result of this sensitivity we conclude, as we 
did with the DICE model, that the FUND model, 
although an interesting academic exercise, is at least 
at this point completely unfit as a tool to justify tril-
lions of dollars of economic regulations.22

20.	 These distributions are based on the model’s “IMAGE” scenario, depicting particular projections about economic growth for subsequent decades.

21.	 Kreutzer and Dayaratna, “Scrutinizing the Social Cost of Carbon,” and Dayaratna and Kreutzer, “Loaded DICE.”

22.	 The third IAM used by the EPA, the PAGE model, is proprietary; its creator, Christopher Hope, insists on the right to be a coauthor of any 
publication using his model. This makes independent verification impossible. Thus, we do not plan to analyze the PAGE model and believe 
that the conditions imposed on its use should exclude it from any official process to estimate the SCC.
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DISCOUNT RATE
Year 2.5% 3% 5% 7%
2010 $29.69 $16.98 $1.87 –$0.53
2020 $32.90 $19.33 $2.54 –$0.37
2030 $36.16 $21.78 $3.31 –$0.13
2040 $39.53 $24.36 $4.21 $0.19
2050 $42.98 $27.06 $5.25 $0.63

TABlE 1

Average SCC, Using Outdated Roe 
Baker (2007) Distribution

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

B2897 heritage.org

DISCOUNT RATE
Year 2.5% 3% 5% 7%
2010 $64.24 $31.45 $5.19 $2.24
2020 $70.66 $35.68 $6.28 $2.79
2030 $77.28 $40.24 $7.48 $3.40
2040 $84.05 $45.14 $8.78 $4.05
2050 $90.75 $50.31 $10.22 $4.76

TABlE 2

Average Standard Deviation of SCC 
Averaged Across All Five Scenarios, 
Using Outdated Roe Baker (2007) 
Distribution

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

B2897 heritage.org

DISCOUNT RATE
Year 2.5% 3% 5% 7%
2010 –$3.22 –$4.21 –$4.58 –$3.80
2020 –$3.31 –$4.48 –$5.15 –$4.42
2030 –$3.26 –$4.63 –$5.66 –$5.03
2040 –$3.06 –$4.63 –$6.11 –$5.58
2050 –$2.74 –$4.48 –$6.41 –$6.07

TABlE 3

SCC Average 5th Percentile 
Averaged Across All Five Scenarios, 
Using Outdated Roe Baker (2007) 
Distribution

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

B2897 heritage.org

DISCOUNT RATE
Year 2.5% 3% 5% 7%
2010 $81.63 $49.06 $10.23 $3.23
2020 $89.70 $55.33 $12.54 $4.28
2030 $97.69 $61.54 $15.03 $5.46
2040 $105.55 $67.76 $17.61 $6.74
2050 $113.54 $74.11 $20.35 $8.14

TABlE 4

SCC Average 95th Percentile 
Averaged Across All Five Scenarios, 
Using Outdated Roe Baker (2007) 
Distribution

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

B2897 heritage.org

Appendix: Tables 1–14
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DISCOUNT RATE
Year 2.5% 3% 5% 7%
2010 $11.28 $6.27 $0.05 –$0.93
2020 $12.66 $7.30 $0.36 –$0.87
2030 $14.01 $8.35 $0.74 –$0.75
2040 $17.94 $11.08 $1.50 –$0.49
2050 $19.94 $12.69 $2.21 –$0.14

TABlE 5

Average SCC, Using Otto et al. 
(2013) Distribution

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

B2897 heritage.org

DISCOUNT RATE
Year 2.5% 3% 5% 7%
2010 $160.74 $87.99 $10.51 $2.56
2020 $200.36 $114.99 $15.61 $3.65
2030 $250.02 $150.49 $23.51 $5.44
2040 $61.38 $35.42 $7.91 $3.90
2050 $67.59 $40.07 $9.28 $4.56

TABlE 6

Average Standard Deviation of SCC 
Averaged Across All Five Scenarios, 
Using Otto et al. (2013) Distribution

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

B2897 heritage.org

DISCOUNT RATE
Year 2.5% 3% 5% 7%
2010 $5.20 $2.84 –$0.54 –$1.06
2020 $6.20 $3.65 –$0.30 –$1.03
2030 $7.01 $4.39 $0.03 –$0.93
2040 $7.83 $5.18 $0.47 –$0.73
2050 $8.63 $6.01 $1.03 –$0.41

TABlE 7

Average SCC, Using Lewis (2013) 
Distribution

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

B2897 heritage.org

DISCOUNT RATE
Year 2.5% 3% 5% 7%
2010 $84.59 $51.36 $8.50 $2.47
2020 $105.64 $66.98 $12.51 $3.53
2030 $106.40 $70.69 $15.53 $4.70
2040 $106.32 $73.95 $19.10 $6.27
2050 $105.15 $76.53 $23.25 $8.39

TABlE 8

Average Standard Deviation of SCC 
Averaged Across All Five Scenarios, 
Using Lewis (2013) Distribution

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

B2897 heritage.org



9

BACKGROUNDER | NO. 2897
April 29, 2014 ﻿

Year

Outdated 
Roe-Baker 

(2007) 
Distribution

Otto et al.
(2013) 

Distribution

Lewis
(2013) 

Distribution
2010 –$4.21 –$10.97 –$11.40
2020 –$4.48 –$12.33 –$12.79
2030 –$4.63 –$13.60 –$14.09
2040 –$4.63 –$14.72 –$15.27
2050 –$4.48 –$15.73 –$16.21

TABlE 9

SCC Average 5th Percentile 
Averaged Across All Five Scenarios, 
Assuming 3% Discount Rate

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

B2897 heritage.org

Year

Outdated 
Roe-Baker 

(2007) 
Distribution

Otto et al.
(2013) 

Distribution

Lewis
(2013) 

Distribution
2010 $49.06 $32.80 $19.73 
2020 $55.33 $37.37 $22.69 
2030 $61.54 $41.97 $25.60 
2040 $67.76 $46.85 $28.43 
2050 $74.11 $51.65 $30.94 

TABlE 10

SCC Average 95th Percentile 
Averaged Across All Five Scenarios, 
Assuming 3% Discount Rate

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

B2897 heritage.org

DISCOUNT RATE
Year 2.5% 3% 5% 7%
2010 0.087 0.121 0.372 0.642
2020 0.084 0.115 0.344 0.601
2030 0.080 0.108 0.312 0.555
2040 0.075 0.101 0.282 0.507
2050 0.071 0.093 0.251 0.455

TABlE 11

Probability of Negative SCC 
Averaged Across All Five Scenarios 
Using Outdated Roe Baker (2007) 
Distribution

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

B2897 heritage.org

DISCOUNT RATE
Year 2.5% 3% 5% 7%
2010 0.278 0.321 0.529 0.701
2020 0.268 0.306 0.496 0.661
2030 0.255 0.291 0.461 0.619
2040 0.244 0.274 0.425 0.571
2050 0.228 0.256 0.386 0.517

TABlE 12

Probability of Negative SCC 
Averaged Across All Five Scenarios 
Using Otto et al. (2013) Distribution

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

B2897 heritage.org
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DISCOUNT RATE
Year 2.5% 3% 5% 7%
2010 0.390 0.431 0.598 0.722
2020 0.375 0.411 0.565 0.685
2030 0.361 0.392 0.530 0.645
2040 0.344 0.371 0.491 0.598
2050 0.326 0.349 0.449 0.545

TABlE 13

Probability of Negative SCC 
Averaged Across All Five Scenarios 
Using Lewis (2013) Distribution

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

B2897 heritage.org

TABlE 14

Diff erences in SCC Estimates

Source: Calculations based on Heritage Foundation Monte Carlo 
simulation results using the FUND model.

B2897 heritage.org

Comparing 2.5% 
Discount Rate 

Assuming the Roe 
Baker (2007) ECS 
Distribution to the 
7% Discount Rate 

Assuming the Otto et 
al. (2013) Distribution

Comparing 2.5% 
Discount Rate 

Assuming the Roe 
Baker (2007) ECS 
Distribution to the 
7% Discount Rate 

Assuming the Lewis 
(2013) Distribution

2010 –$30.62 –$30.75

2020 –$33.77 –$33.93

2030 –$36.91 –$37.09

2040 –$40.02 –$40.26

2050 –$43.12 –$43.39
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CHART 1

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

2020 SCC Monte Carlo Estimates 
at 2.5% Discount Rate Assuming 
the Outdated Roe Baker (2007) 
ECS Distribution
DENSITY
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CHART 2

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

2020 SCC Monte Carlo Estimates 
at 7% Discount Rate Assuming 
the Outdated Roe Baker (2007) 
ECS Distribution
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Appendix: Charts 1–6
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CHART 3

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

2020 SCC Monte Carlo Estimates 
at 2.5% Discount Rate Assuming 
the Otto et al. ECS Distribution
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CHART 4

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

2020 SCC Monte Carlo Estimates 
at 7% Discount Rate Assuming 
the Otto et al. ECS Distribution
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CHART 5

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

2020 SCC Monte Carlo Estimates 
at 2.5% Discount Rate Assuming 
the Lewis ECS Distribution
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CHART 6

Source: Calculations based on Heritage Foundation Monte 
Carlo simulation results using the FUND model.

2020 SCC Monte Carlo Estimates 
at 7% Discount Rate Assuming 
the Lewis ECS Distribution
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