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lthough major U.S. scientific bodies agree that human activity is contributing to climate change,
debate about how to best mitigate the environmental and economic impacts continues. Regardless of the cause, climatologists are forecasting an increase in severe weather, flooding, droughts,
warmer temperatures, rising sea levels and diminishing air quality as a result of climate change.1 The nation’s ability to adapt to these changes may affect the U.S. economy for decades to come.
Climate change economics is unique; its long time scale, uncertainties and varied effects across regions
and generations make it a challenge to assess costs and benefits. Economists aim to determine how much
and how fast policymakers should react by estimating economic and environmental effects.
Many are concerned about the high initial costs of mitigation policies, but actual costs and benefits
(avoided damages) remain uncertain. Scientific projections of temperature increases vary, as do economic
determinants such as population growth and industry development. Lawmakers face diverse recommendations for climate change policies and will want to understand how different assumptions can influence
the forecasts that inherently drive policy proposals.
This brief guideline describes how assumptions can dramatically influence climate change policy and
outlines questions lawmakers can ask to better understand the implications of climate change mitigation
modeling.

Background—Assuming the Uncertain
In October 2006, the British government released what would soon become one of the most contentious
and widely discussed climate change economics studies of its kind: The Stern Review on the Economics of
Climate Change. This 700-page report by a team of economists led by Sir Nicholas Stern presents bold
arguments favoring strong, early action to mitigate climate change effects, concluding that the benefits
far outweigh the costs of continuing business as usual. Without action, the Stern Review estimates, overall costs and risks will be equivalent to losing at least 5 percent (and up to 20 percent) of global gross
domestic product (GDP) annually.2
Stern’s historically radical estimates remain in the spotlight. While some economists support The Stern
Review, others attest that the study is deeply flawed, claiming that the present value of climate change
costs are overestimated and emissions reduction costs are underestimated.3 Most climate scientists agree
that global greenhouse gas emissions reductions are critical to avoid potentially catastrophic consequences,4 but economists debate the pace at which, and at what costs, lawmakers should implement abatement
policies.5
American economist William Nordhaus suggests a slow and steady change in the energy supply system. 6
Both authors make many of the same assumptions about climate change effects and parameters, yet they
formulate very different policy recommendations. The difference lies in how they choose to allocate resources across time (i.e., how much money should be spent now versus later to prevent future costs resulting from climate change damages).7 Economists place a numerical value on this choice—the “discount
rate”—that is the rate of return on investing in greenhouse gas emissions reductions (discussion follows).
Typically, “optimal” policies use a dynamic discount rate. They involve modest but immediate emissions
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reductions followed by an increasing rate of emission
reductions.8 Differing discount rates largely account for
Nordhaus’ and Stern’s contrasting results.

An economically efficient solution to climate change minimizes total costs over time.10
What discount rate did the analyst choose?

Analysts commonly use integrated assessment modeling, which incorporates knowledge from various disciplines into a single analysis to determine the best climate change policies. Optimization aims to calculate
the “best” trajectory for future emission reductions
based on a specific performance measure. The policy
optimization framework and applicability have been
heavily critiqued in the areas of discounting across generations, determining values for damages on resources
that do not have a specified price (such as the environment), and proposing solutions that are based on many
uncertainties.9
Benefits of action, in the case of climate change, are
the avoided climate impacts that otherwise would have
caused damages in the future. If the damages associated
with a specified temperature increase are significant,
then the benefits of efforts to reduce emissions will be
high. On the other hand, the costs of climate change
can include lost resources from a decline in agricultural
crops or infrastructure damage from extreme weather.
Projections (and policy recommendations) are sensitive to uncertainties, which are accounted for by the
analyst’s assumptions. It is essential for policymakers to
understand what lies behind these assumptions, which
vary dramatically.

What Policymakers Need to Ask
Is it really an economic analysis?
It is difficult to assess options without alternatives. Consider, for example, comparing prices of an unfamiliar
item such as a “widget.” If a widget costs $3 in Denver,
is it expensive or cheap? Without a comparison, it is not
possible to make this judgment. If it costs $8 in New
York City, the Denver price is cheap; if it costs only
$1.50 in Seattle, however, the Denver price is expensive.
Since all economic analyses must consider alternatives,
policy choices need to be assessed relative to other
choices. In the case of climate change, the alternative
to mitigation efforts often is to do nothing. The solution must be an economic analysis of trade-offs between
abatement costs and climate damages.

2

If nothing is done to prevent climate warming, future
generations may suffer both economically and environmentally. Using resources to take action now, however,
may avoid future losses caused by warming. In other
words, investing in climate change policies now can
benefit future generations.11 One of the most controversial debates in climate change economics is not about
whether emissions should be cut, but how aggressively
to do so.
In economics, acting now versus later is reflected in the
“discount rate.” This refers to the rate of return on investing in greenhouse gas emission reductions, based on
the notion that emissions today may create monetary
losses tomorrow. Discounting is a critical reflection of
how economists assess the trade-off between current
costs and long-term losses to account for how climate
damages are valued over time. Mathematically, discounting is the opposite of compounding, a term that is
commonly associated with interest rates.12
Economists choose various discount rates, since observed market interest rates reflect private rates of return
and do not account for the benefits to society of mitigating potential warming effects. Complications arise
when taking into consideration such factors as wealthier
future generations that may place higher value on the
environment than today’s generation. In addition, technology advancements may decrease mitigation costs
and better reduce greenhouse gas emissions.
Generally, economists calculate environmental policy
returns with declining discount rates because of the unknown risk of future events. A larger discount rate gives
greater weight to present benefits. As a result, lower
benefits may be attributed to climate policy, since future
climate damages are discounted more heavily.13
The lower the discount rate, the higher the calculated benefits of climate mitigation policy. Studies that use lower discount rates generally justify investing in greater greenhouse
gas reduction efforts.
For example, the Stern Review used an historically low
0.1 percent discount rate, concluding that 1 percent of
global gross domestic product should immediately be
invested to reduce the effects of global warming.14 This
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recommended investment, which is much higher than
most earlier estimates, has drawn considerable attention. Other credited economists use initial rates as high
as 3 percent,15 which give less weight to the welfare of
future generations. Nordhaus concludes that preventative measures are necessary, but the recommendations
are not as extreme as Stern’s.16 Others, such as Thomas
Sterner and U. Martin Persson, justify the Stern Review’s
conclusions even if a low discount rate is not used.17
What time horizon did the analyst choose?
Climate change is a long-term problem, but uncertainty
exists as to exactly how long. When choosing to discount, the length of time economists assume it will take
to feel the effects of global warming is a significant factor. An event can have vastly different present value impacts, depending upon how many years into the future
the economist considers, and the longer the time, the
greater the uncertainty.
Long time horizons furnish results that are sensitive to the
discount rate; the longer the time horizon, the more the
discount rate matters. As the time horizon increases, so do
the benefits of climate policy.
Cass R. Sunstein of Harvard Law School and David A.
Weisbach of the University of Chicago Law School provide an example that clearly illustrates this concept. If
society faces the loss of $1 trillion dollars in 100 years,
using a 7 percent discount rate, a little over $1 billion
would be spent to prevent this harm. On the other
hand, given a 200-year time horizon and the same discount rate, only $1.3 million would be spent.18 Given
a 100-year time horizon, Stern’s predicted costs would
be about 53 times Nordhaus’ due to their differing discount rates; Stern’s costs are valued at about 2,800 times
Nordhaus’ over a 200-year time horizon.19

What value does the analyst place on the environment?
Economic valuation involves measuring tradeoffs
among people and resources, over time.21 For example,
when valuing nonrenewable resources, the trade-off
requires balancing the benefits of using the resource
completely against preserving a portion for later use.
When public goods—clean air or water, for instance—
are involved, markets are imperfect and it is difficult
to place quantitative values on the resource. These are
considered “non-marketed” goods. People do not necessarily pay for the benefits of using a public good, yet it is
nearly impossible to exclude anyone from such benefits.
Economists measure an individual’s willingness to pay
for the benefits of a resource that does not require direct
payment to determine a price for that good or resource.
Even if analysts accept a given temperature increase, the
economic impacts (such as economic losses, or benefits
in some regions) remain uncertain.
Because assumptions made when valuing the environment
greatly influence the discount rate and time horizon, they
therefore also influence the policy recommendations.

Key Points
The long time scale, uncertainties and varied effects
(across regions and generations) of climate change introduce challenges when designing mitigation policies. As
economists seek to determine how aggressively lawmakers should implement policies that reduce greenhouse
gas emissions, it is key for policymakers to remember:
•

The lower the discount rate, the higher the calculated benefits of climate mitigation policy.

•

The longer the time horizon, the more the discount
rate matters. As the time horizon increases, the benefits of climate policy increase.

•

The greater the temperature increase and the faster
it happens, the higher the calculated benefits of climate policy.

How fast does the analyst assume the earth is warming?
Two key assumptions that affect the calculations of
climate change policy benefits include the actual longterm temperature increase associated with carbon dioxide concentrations and the rate at which the temperature changes.20
The greater the temperature increases and the faster it happens, the higher the calculated benefits of climate policy.
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