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Many environmental problems have long-term
effects. Acid rain has long-term effects on soils,
forests, and exposed materials. Global climate
change has even longer-term effects. This difference
in timing — between the near-term cost of
environmental protection and the long-term
environmental effects — makes it difficult to
conduct a cost-benefit analysis of any program
designed to abate environmental damages. The rate
at which to discount long-term environmental
damages becomes a key question in comparisons of
benefits and costs. This comment points out an
important facet of the discounting issue. The
discount rate for calculating the present value of
future environmental benefits may be much lower
than the rate of return on investment.

Cost-benefit analysis is a framework in which to
evaluate policies and decisions. Because global
climate change is a complex problem, extensions of
cost-benefit theory can be expected to add additional
insights, particularly in the following areas:

• Distinguishing distributional effects among
nations, over time, and among generations;

• Determining the rate of discount that is
appropriate for long-term environmental
damages and separating risk aspects from
the rate of discount; and

• Assessing amplification effects when policies
involve large expenditures relative to the
economy or when affected sectors are
significant sectors of the economy.

This comment does not add anything to the
discussion of distributional effects among nations,

but it should be pointed out that the target rate of
economic growth is also a distributional issue. The
present generation may be asked to work hard and
sacrifice so that future generations can attain
higher levels of consumption.

Another comment is that for highly uncertain
environmental problems such as global climate
change, the uncertainty component should be
separated from the time rate of discounting. Some
environmental effects that may not be manifested
for a very long time are reasonably predictable.
However, it is true that predictions can be expected
to be more uncertain the farther in the future they
are for.

To illustrate, consider a simple aggregate
economic growth model of consumer goods and
environmental goods (the last of which are a
measure of environmental quality). The economy
possesses the capability to transform between
consumer goods and environmental goods (i.e.,
produce one type of good instead of another) via
expenditures for environmental protection and
abatement of environmental damages. Society can
also transform foregone current consumption into
future consumer goods via investment. The net rate
of return on investment is determined within the
model (endogenously) as it takes into account a
valuation of the environmental damages that result
from pollution associated with production. The
correct formula for calculating the present value of
future consumer goods is to use the net rate of
return on investment as the discount factor.
However, the correct method for calculating the
present value of future environmental damages is to
use a pure rate of time-preference — a rate that
members of society choose to discount future welfare
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for themselves and future generations. The
valuation of environmental damages is based on the
consumer's marginal rate of substitution between
environmental quality and consumer goods. The
implication is that any long-term environmental
damages that are foreseen may be discounted at a
low rate chosen by society. Furthermore, the
valuation of these damages may be high if consumer
goods are relatively more abundant than environ-
mental goods. The valuation of damages is based
on the shape of the indifference curve between
environmental qualify and consumer goods.

What decisions or policies follow from this
analysis (which does not take into account the
implications of uncertainties in both environmental
effects and costs of policies to abate environmental
damages)? Society faces a budget constraint in that
its total production (i.e., gross domestic product)
must equal its production of current consumer
goods, investment, and pollution-abatement
expenditures. Hence, when two of these variables
(e.g., investment and abatement expenditures) are
chosen, the third (current consumption) is
determined from the budget constraint. The
decision rule (or method) to calculate investment is
determined on the basis of the net rate of return.
The decision rule to calculate abatement
expenditures is determined through a cost-benefit
analysis, in which the benefits are valued on the
basis of the marginal rate of substitution and are
discounted to the present through use of the pure
rate of time-preference on utility. Hence, society
must balance its desire for current consumption
against its desire for future growth in the standard
of living — a growth that depends on its
investment — and its desire for environmental
quality in the near term and long term. The reader
seeking more information on these topics can
contact the author for additional papers.

In cost-benefit analysis, total benefits should be
compared with total costs — costs that include not
only direct effects but also second- and third-round
effects as the economy adjusts to policy changes. In

this adjustment process, there are two offsetting
forces: substitution and rigidities. Both
substitution among consumer goods and
substitution among factors of production allow the
cost of an initial policy change to be mitigated in
genera] equilibrium. However, rigidities in the
macroeconomy, such as "sticky wages" (a condition
in which labor resists a reduction in wages), cause
total losses in the economy to be amplified relative
to the original cost. (See Hanson, D.A., 1992, The
1990 Clean Air Act: A Tougher Regulatory
Challenge Facing Midwest Industry, Economic
Perspectives, Federal Reserve Bank of Chicago,
May/June.)

These dimensions of cost-benefit analysis make
environmental problems more complex to analyze,
but they also open a door for policy improvements.
Whenever possible, policies should exploit
substitution possibilities and be designed to
mitigate losses by allowing for smooth adjustments.

There are also interesting implications for
market-based approaches that make use of
emissions taxes or tradable permits. A firm will
have the incentive to reduce emissions up to the
point where the marginal abatement cost (MAC)
equals the emissions tax (or the tradable permit
price). Hence, if the overall reduction in emissions
is stringent, the MAC will rise and the price of
pollution (i.e., cost of the tax or permit) will be high.
The resulting emissions tax revenue is in addition
to total abatement costs. The emissions tax revenue
and total abatement costs are either passed on to
customers, taken out of wages, or taken out of
profits. The emissions tax revenue, if it is large
(which occurs when there is a significant carbon
tax), can lead to reductions in wages and profits or
increases in inflation and sectoral adjustments.
Attendant macroeconomic losses are not fully
considered in the standard Baumol-Oates theory
that demonstrates the microeconomic efficiency of
these instruments. Simulations on the size of the
macroeconomic amplification effect are available
from the author.
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