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economic analysis of climate change and climate 
policies is fraught with many problems. uncer-

tainty and imprecision surround fundamental sci-
entific and economic factors, such as, for example, 
how much warming will result from a doubling of 
carbon-dioxide (CO2) levels and how much damage 
is done by a given change in average world temper-
ature. This paper addresses the following question: 
How does economic analysis compare costs and ben-
efits when they occur at different times?

In a broad sense, this question can be addressed 
by looking at climate policy as an investment. Invest-
ment requires giving up something now and receiv-
ing something in the future. An investment that will 
generate less than its initial cost makes little sense. 
Though investment opportunities are virtually 
unlimited, there are limited resources for undertak-
ing them, so not all investments that pay more than 
their costs are worth undertaking.

Any particular investment should be under-
taken only so long as it does not crowd out a supe-
rior investment. In practice, this standard is tested 
by comparing an investment’s rate of return to a 
comparable market rate of interest. The tool for 
performing this test is discounting. Discounting is 
compounding run backwards. The product of dis-
counting is called “present value” or “discounted 

present value” (henceforth referred to as “present 
value”). For instance, if $100 left in the bank for two 
years would be worth $121, then $121 received two 
years from now would have a present value of $100.

Applying Discounting to Climate Policy
Climate economists use mathematical models 

to estimate the impact that human emissions of 
carbon dioxide will have on the climate. The mod-
els estimate a range of possible future temperature 
changes caused by the emissions. These tempera-
ture changes are then plugged into different mod-
els that attempt to quantify the potential cost of 
environmental damage (from things like sea-level 
rise and changing weather patterns) at some future 
point in time. The point in time chosen is often far in 
the future, and the projected cost of environmental 
damage may be quite high.

In general, the payback for cutting CO2 emis-
sions comes with such delay that those making the 

“investment” now are different from those who will 
reap the benefits later. Of course, climate policy is 
not the only investment those in the present can 
make to provide benefits to those in the future. Dis-
counting allows comparison of this climate invest-
ment to a set of alternative investments, with the 
end goal of finding whatever investment will provide 
the greatest benefit to its recipients in the future.

Some economists argue that using any posi-
tive discount rate is inappropriate.1 In essence, this 
argument holds that discounting more heavily 
weights the welfare of those alive today relative to 
that of those who are yet to be born and is, there-
fore, immoral. However, this view is based on a 
flawed understanding of discounting. The discount 
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rate reflects the value of alternatives to the policy 
in question. It is not a tool for diminishing relative 
importance of life or utility in the future.

The following hypothetical example can illus-
trate the absurdity of denying the use of positive 
discount rates. Suppose a salesman markets to 
grandparents an investment fund that will provide 
college tuition for their grandchildren. The sales-
man argues that the return on the fund will be zero 
since it is immoral to weigh a dollar’s benefit for the 
grandchildren at a value of anything less than a dol-
lar to the grandparents. That is, the grandparents 
should put $100,000 into the fund today in order to 
provide tuition of $100,000 two decades later. This 
sales pitch is as nonsensical as the argument that 
discounting is immoral. Grandparents can do bet-
ter for their grandchildren than a zero rate of return. 
Policymakers can do better as well and should 
refrain from pursuing zero-rate-of-return policies 
that arise when discounting is ignored.

How Discounting Works
Which stream of receipts is better, a million dol-

lars per year for 20 years or $21 per year for a million 
years? To choose the first stream is to use discount-
ing, at least implicitly. even though simple addition 
shows the second stream of payments generates an 
additional million dollars, the reasonable choice is 
the first stream. Since ten hours’ worth of income 
from the million-dollars-per-year stream could be 
invested at a modest rate to replicate the $21-per-
year stream of payments, the choice is especially 
easy.2

Not all questions of discounting, however, are so 
obvious. When the costs and benefits of an invest-
ment or a policy occur at different times they need 
to be compared in a way that accounts for these 
time differences. The guiding question for the com-

parison is straightforward: How much would have 
to be invested today to generate the future value in 
question?

The three factors needed to calculate a present 
value are:

1. The future value,

2. The length of time, and

3. The interest or discount rate.

The lower the future value in question, the lower 
will be its present value. A higher interest (discount) 
rate or a longer time horizon will also lead to lower 
present value.

The guiding question can be rephrased as how 
much money needs to be put into a savings account 
to generate the future value in question? The high-
er the interest rate or the longer the time interest 
accrues and compounds, the less is needed for the 
initial bank deposit.3

The most controversial part of present value cal-
culations for climate impacts is choosing the appro-
priate discount rate. The case of the environmen-
tal Protection Agency/Interagency Working Group 
(ePA/IWG)’s estimation of the social cost of carbon 
(SCC) illustrates the calculation’s high sensitivity to 
choice of discount rate.4

The Office of Management and Budget (OMB) 
guidance to regulatory agencies stipulates discount 
rates of 3 percent and 7 percent per year for benefit-
cost analysis. The ePA/IWG, however, used rates of 
2.5 percent, 3 percent, and 5 percent. The ePA/IWG 
settled on 3 percent as the best choice, but its omis-
sion of 7 percent was glaring to those who follow 
this regulatory issue. When Heritage Foundation 
researchers re-ran the models using the 7 percent 

1. Nicholas Stern et al., The Stern Review on the Economic Effects of Climate Change,  
http://webarchive.nationalarchives.gov.uk/20100407172811/http://www.hm-treasury.gov.uk/stern_review_report.htm (accessed June 13, 2016).

2. One million dollars per year is $114 per hour (assuming it is paid out 24/7). Invested at 2 percent per year $1,140 would yield $22.80 indefinitely.

3. The basic arithmetic of discounting is presented in Appendix 1.

4. U.S. Government, 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, https://www.whitehouse.gov/sites/default/files/omb/inforeg/
social_cost_of_carbon_for_ria_2013_update.pdf (accessed June 13, 2016). The SCC is an attempt to estimate the damage done from emitting a 
ton of CO2. This estimate is complicated by the length of time the CO2 will cause warming. The models assume that a ton of CO2 emitted today 
will continue to have climate-warming impacts for centuries. The IWG/EPA estimate of the SCC totals the incremental damage for each year 
between emission and 2300. That is, a ton of CO2 emitted today will cause some warming this year and every year until 2300. The damages 
from the additional warming due only to that ton emitted today, but persisting until 2300 are added and discounted for each intervening year.



3

ISSUE BRIEF | NO. 4575
JuNe 16, 2016  

discount rate, the SCC dropped by more than 80 per-
cent in one of the models and actually went negative 
in the other.5

How Is the Social Cost of Carbon Used by 
Policymakers?

The SCC is a benchmark to guide policymakers on 
the optimal or efficient amount of CO2 reduction. It is 
not intended to compel the elimination of all future 
climate damage from CO2 emissions. In the world of 
the economist, all or none is rarely the right answer. 
Instead their answers revolve around optimal adjust-
ments—giving a little here to get a little more there. 
The SCC is an exercise in comparison—comparing 
a monetized cost of today’s action with a monetized 
future benefit of today’s action.

Some may find it totally illegitimate to express 
environmental impacts in dollar terms. These pol-
icymakers may feel it is illegitimate to compare 
values from market transactions to changes in sea 
level or temperature or other environmental chang-
es. For them, social cost of carbon calculations and, 
perhaps, environmental economics altogether are 
irrelevant to their world view. In that world view, 
the SCC cannot be redeemed by reducing discount 
rates or even setting them to zero. Such discount-
rate manipulation is simply an attempt to rig an 
economic model so that it produces a result pre-
determined in the alternate world view.

For policymakers who find the SCC a useful tool, 
they must estimate it using a discount rate that 
reflects the greatest, reasonably expected return on 
alternative investments. economic efficiency across 
time is not achieved by providing future benefits at 
too high a cost or by providing too few future benefits 
for a given cost.

A Hypothetical Climate Example
Suppose emitting a ton of CO2 today will cause 

$2,000 of damage (adjusted for inflation) in the 
year 2116. How much should be invested to prevent 
this emission?6 In other words, how much should be 

invested today so that in 2116 the damage of the ton 
of CO2 is offset?

Assume the best alternative to cutting CO2 is a no-
maintenance tree farm. Suppose further that $1.15 
worth of seedlings will grow to $1,000 worth of trees 
in 100 years. In this example, the value of the trees 
grows at a 7 percent compound rate.

Discounting the $2,000 of CO2 damage for 100 
years at 7 percent would give a present value of $2.30. 
That is, the SCC in 2016 is $2.30 (assuming, for sim-
plicity, the damage is done only in 2116). In short, 
$2.30 worth of seedlings would create enough value 
in 2116 to offset the damage of the ton of CO2 emit-
ted today. It would make little sense, then, to spend 
more than this for any other investment that produc-
es only $2,000 of benefit in 2016.

However, that is just what some, including the 
ePA/IWG, recommend.7

using the ePA/IWG’s too low 3 percent rate for 
discounting the climate damage gives a value of 
$104.07—roughly 50 times the value for the SCC 
obtained with the 7 percent discount rate. With this 
higher value as a guide, policies that cost $104.07 
to cut CO2 emissions by one ton would pass muster, 
even though they provide no more benefit than plant-
ing $2.30 of seedlings.

Table 1 illustrates how the future is shortchanged 
if discounting is done with 3 percent when 7 percent 
returns would be available. The chart shows how a 3 
percent discount rate equilibrates the present and 
future values when the cost of cutting CO2 is $104.07 
per ton. With a 3 percent rate of return, $104.07 in 
2016 would grow to $2,000 in 2116. However, if the 
current generation undertook projects with a 7 per-
cent return rate, the return would grow to a value of 
more than $90,300.

What, then, is the best interest/discount rate to 
use?

Choosing the Right Discount Rate
Discounting is an opportunity cost exercise. The 

rate should reflect the best alternative return that 

5. Kevin D. Dayaratna and David W. Kreutzer, “Unfounded FUND: Yet Another EPA Model Not Ready for the Big Game,” Heritage Foundation 
Backgrounder No. 2897, April 29, 2014, http://www.heritage.org/research/reports/2014/04/unfounded-fund-yet-another-epa-model-not-
ready-for-the-big-game, and Kevin D. Dayaratna and David W. 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.

6. This is hypothetical as it is quite possible that additional CO2 may have benefits for the future.

7. Interagency Working Group on the Social Cost of Carbon, “Technical Support Document: Social Cost of Carbon.”
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an investment of the same size could reasonably be 
expected to generate.

What, then, is the best reasonable return on 
investment? While one cannot predict what future 
rates will be, past rates of return on broad indexes 
are an excellent guide. The return on the Standard & 
Poor’s 500 from 1928 to 2014 was 9.60 percent.8 Over 
this time inflation was a compounded 3.1 percent. 
The real rate of return would be the difference—6.5 
percent per year.

Another source estimates the return for all stocks 
in the u.S. from 1802 to 2002 and gets the same 6.5 
percent real return on capital.9 Yet another source 
calculates the real return on stocks between 1802 
and 2002 to be 6.8 percent per year.10

These estimates reflect the returns after corpo-
rate income taxes are paid. Adjusting for corporate 
profits taxes increases these rates to between 7.5 
percent and 9.9 percent. (See Appendix 2 for these 
calculations.) In any event, the 7 percent discount 
rate that is part the Office of Management and Bud-
get’s guidance does not seem too high.

It is important to note that private investment 
differs in many ways from climate investment.

 n The individuals making investments in climate 
improvement are not the same as those who 
receive the benefit of the investment.

 n Climate improvement is a public good, which 
breaks the link between those who pay for the 
benefit and those who receive it.

 n There are not well-developed markets for climate 
amenities that can give accurate valuations for 
the benefits and costs.

These differences may be problematic, but they 
are not problems with discount rates. As a result, 
they cannot be resolved by arbitrarily lowering the 
discount rate in a benefit-cost analysis.

Conclusion
Discounting is a critical component of cost-ben-

efit analysis, especially when the costs and benefits 
occur at separate and temporally distant points. To 
be done properly, the discount rate should reflect the 
best rate of return that could reasonably be expected 
in capital markets. Over the past two centuries, the 
stock market in the u.S. has generated a return of 
more than 7 percent (after adjusting for the portion 
paid in taxes). Therefore, the 7 percent discount rate 
stipulated by the Office of Management and Budget 
for benefit-cost analysis seems very appropriate for 
use in analysis of climate policies.

—David W. Kreutzer, PhD, is Senior Research 
Fellow for Energy Economics and Climate Change 
in the Center for Data Analysis, of the Institute for 
Economic Freedom and Opportunity, at The Heritage 
Foundation.

8. New York University, Stern School of Business, “Annual Returns on Stock, T.Bonds and T.Bills: 1928–Current,”  
http://pages.stern.nyu.edu/~adamodar/New_Home_Page/datafile/histretSP.html (accessed June 13, 2016).

9. Robert D. Arnott, “Editor’s Corner: Dividends and the Three Dwarfs,” Financial Analysts Journal, 2003,  
http://www.cfapubs.org/doi/pdf/10.2469/faj.v59.n2.2510 (accessed June 13, 2016).

10. Jeremy J. Siegel, “Stock Market,” The Concise Encyclopedia of Economics (Liberty Fund: Library of Economics and Liberty, 2008),  
http://www.econlib.org/library/Enc/StockMarket.html (accessed June 13, 2016).

Cutting
CO2

Planting 
Trees

Planting 
Trees

Cost in 
2016 $104.07 $2.30 $104.07

Benefi t 
in 2116 $2,000.00 $2,000.00 $90,303.24

TABLE 1

Relative Costs and Benefi ts of 
Alternative Investments
Cutting CO2 generates a 3 percent rate of 
return. Planting trees generates a 7 percent 
rate of return.

SOURCE: Author’s calculations.

heritage.orgIB 4575
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Appendix 1: Compounding and Discounting

Compound Interest
Most people are familiar with the concept of 

compound interest. For instance, if $100, the prin-
cipal (present value or PV), were compounded at a 
10 percent rate of interest, it would be worth $110 in 
one year. If none of the money were removed and the 
$110 were compounded for another year, the value at 
the end of this second year would be $121.00 (future 
value or FV).

The value at the end of the first year is $100 x (1+ 
0.10) = $110. The interest rate is expressed as a deci-
mal fraction, 0.10 = 10%.

The value at the end of the second year can be 
expressed as:

$110 x (1+0.10) = $121.

Another way of writing this is:

($100 x (1+0.10)) x (1+0.10) = $121; or $100 x 
(1+0.10)2 = $121.

The general formula for compounded future 
value is:

FV=PV x (1+r)n

Where “r” is the rate of interest and “n” is the 
number of periods (typically years) over which the 
interest is compounded. In the example above PV = 
$100; r = 10 percent per year (written 0.10); and n = 2.

Present Value
Discounting is the inverse of compounding. For 

any amount in the future the present value (or 
discounted value) is the amount that, if invested 
today, would compound out to that future value. In 
the example above, the present value of $121 to be 
received two years from now discounted at 10 per-
cent per year is $100. The general formula for com-
pounding can be rearranged to give the general for-
mula for discounting as:

PV=FV/(1+r)n.
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Appendix 2: Rates of Return

Taxing corporate profits transfers the taxed por-
tion of these returns on capital to the government. 
Because of that transfer, this portion of the return to 
capital is not reflected in the standard rate of return 
estimates.

The average rate of return on the Standard & 
Poor’s from 1928 to 2014 was 6.5 percent. The aver-
age federal corporate profits tax for firms in the top 
income bracket (where most corporate profits are 
earned) from 1928 to 2014 was 38.3 percent. Not 
all profits are taxed at that rate nor does that rate 
include taxes at the state and local levels. The Bureau 
of economic Analysis, however, did an in-depth 
study of the taxes paid by corporations in 1996.11 
Its numbers indicate an overall effective profits tax 
of 30.8 percent. In 1996 the statutory federal rate 
for corporations in the top bracket was 35 percent. 
Assuming that the same 4.2 differential between the 
federal rate and the effective overall tax rate holds in 
general puts the average corporate tax rate for 1928 
to 2014 at 34.1 percent.

Therefore, the before-tax profits are larger than 
the after-tax profits by a factor of:

100 / (100 – 34.1) = 1.52.

That is, the rate of return to the country as a 
whole (as opposed to the return paid to stockhold-
ers) on the capital in the u.S. stock market for 1928–
2014 was:

6.5 percent x 1.52 = 9.9 percent.

While there may have been other forms of cor-
porate taxes before 1909, there was no federal cor-
porate profits tax before that date. The average rate 
for the top profits bracket (which was not always 
the highest marginal tax rate) for the years 1909–
2002 was 32.4 percent.12 Subtracting 4.2 percent-
age points, to convert the federal nominal rate to an 
overall effective rate, yields 28.2 percent. Since the 
federal corporate profits tax was in effect for only 
46 percent of the years between 1802 and 2002, the 
average corporate tax would be estimated by:

28.2 percent x 46 percent = 13 percent.

The adjustment factor for this time frame is:

100 / (100 – 13) = 1.15 percent.

using the lower of the two estimates for the rate 
of return on all u.S. stocks from 1802–2002 gives a 
rate of return to the country as a whole of:

6.5 percent x 1.15=7.5 percent.

After including the value of corporate taxes, the 
return on stocks in the u.S. over long periods of time 
(1802–2002 in two cases and 1928–2014 in the other) 
range from 7.5 percent to 9.9 percent.

11. U.S. Department of Commerce, Economics and Statistics Administration, Bureau of Economic Analysis, “Corporate Profits: Profits Before Tax, 
Profits Tax Liability, and Dividends,” Methodology Paper, September 2002,  
https://www.bea.gov/scb/pdf/national/nipa/methpap/methpap2.pdf (accessed June 8, 2016).

12. Jack Taylor, “Corporation Income Tax Brackets and Rates, 1909-2002,” Statistics on Income Bulletin, Fall 2003, pp. 284–290,  
https://www.irs.gov/pub/irs-soi/02corate.pdf (accessed June 8, 2016).
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Appendix 3: The Logic (and Illogic) of Climate Investments

Some proponents of low discount rates argue that 
the forced investment in future climate amenities 
will come primarily at the expense of reduced con-
sumption instead of alternative investment.13 If this 
were true, then the cost of reduced consumption is 
even greater than the cost of reduced investment.

Why would people who consider a 7 percent 
return not worth sacrificing current consumption 
somehow think that a 3 percent return would be 
worth it?

Appeal to social-welfare functions and theoreti-
cal measures of how much additional income would 
be worth in the future, however, turn the argument 
on its head. Arguing that climate policies sacrifice 
current consumption instead of current investment 
is nonsensical with respect to basic economics. Sac-
rificing current consumption for greater future con-
sumption is how all investment is done.

Requiring people to invest in future climate ben-
efits by imposing climate regulations, but saying 
that it is unfair to compare that rate of return to 
rates from alternative investments, is tantamount 
to an investment advisor recommending a poorly 
performing fund. He may say it is illegitimate to 
compare the expected return to better investments 
because one is not saving for retirement in the first 
place. Yet who would want such advice? Anyone 
moving from not saving to saving will want the best 
return on the savings. In a similar vein, any invest-
ment for the future (whether voluntary or coerced) 
should be the one with the highest rate of return the 
investors could reasonably expect to earn. Biasing 
cost-benefit analysis so that investment is shunted 
to projects with lower rates of return is a poor strat-
egy for helping those in the future.

13. Interagency Working Group on the Social Cost of Carbon, “Technical Support Document: Social Cost of Carbon.”


