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18           Valuing the Environment: Concepts

or a proposal to preserve an area currently scheduled for development, in these cases

the analysis helps to provide guidance on the desirability of a program before that
program is put into place. In other contexts it ntight be used to evaluate how an
already inlplemented program has worked out. Both of these types of situations share
the characteristic that the alternatives being evaluated are well defined in advance.
Here the relevant question is: Should we do it (or have done it) or not?

A rather different context for normative economics can arise when the possibilities
are more open-ended. For example, we might ask how much should we control emis-
sions of greenhouse gases (wlfich contribute to climate change) and how should we
achieve that degree of control? Or we might ask how much forest of various types
should be preserved? Answering these questions requires us to consider the entire
range of possible outcomes and to select the best or optimal one. Although that is a
nmch more difficÿflt question to answer than one that asks us only to compare two pre-
defined alternatives, the basic normative analysis framework is the same in both cases.

Normative Criteria for Decision-Making

" ;va[uadng Prede  ned ©pdons
If you were asked to evaluate the desirability of some proposed action, you would
probably begin by attempting to identify both the gains and the losses from that
action. If the gains exceed the losses, then it seems natural to support the action.

That simple framework provides the starting point for the economic approach.
Economists suggest that actions have both benefits and costs. If the benefits exceed
the costs, then the action is desirable. On the other hand, if the costs exceed the ben-
efits, then the action is not desirable.

We can formalize this in the following way. LetB be the benefits from a proposed
action and C be the costs. Our decision rule wmfld then be

IfB > C, support the action.

i i
i¸

Otherwise, oppose the action2
As long as B and C are positive, an equivalent formulation would be

If B/C> 1, support the action.

Otherwise, oppose the action.
So far so good, but how do we measure benefits and costs? In economics the sys-

tem of measurement is anthropocentric, which simply means human-centered. All

benefits and costs are valued in terms of their effects (broadly defined) on human-
ity. As shall be pointed out later, that does not imply (as it ntight first appear) that
ecosystem effects are ignored unless they directly affect humans. The fact that large
numbers of humans contribute voluntarily to organizations that are dedicated to
envirormmntal protection provides ample evidence that humjms place a value on

2ActuaUy if B = C, it wouldn't make an}, difference, if the action occurs or not; the benefits and costs are
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or a proposal to preserve an area currendy scheduled for development. In these cases
the analysis helps to provide guidance on the desirability of a program before that
program is put into place. In other contexts it might be used to evaluate how an
already implemented progTmn has worked out. Both of these types of situations share
the characteristic that the alternatives being evaluated are well defined in advance.
Here the relevant question is: Should we do it (or have done it) or not?

A rather different context for normative economics can arise when the possibilities
are more open-ended. For example, we might askhow much should we control emis-
sions of greenhouse gases (which contribute m climate change) and how should we
achieve that degree of control? Or we might ask how much forest of various types
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enviromirental preservation that goes well beyond any direct use they might make
of it. Nonetheless, the notion that hmnans are doing the valuing is a conttoversial
point (see Debate 2.1).

Benefits can be derived from the demand curve for the good or service provided
by the action. Demand curves measure the amount era particular good people would
be willing to purchase at various prices. In a typical situation, a person will purchase
less of a eormimdity (or enviromnental service) the higher is its cost. In Figure 2.2,
when the price is P0, q0 will be purchased, but if the price rises m 1ol, purchases will

fiall to q,.

Normative Criteria for Decision-Maldng

EvaIuathxg Predefi md Optaons
If you were asked to evaluate the desirability of some proposed action, you would
probably begin by attempting to identify both the gains and the losses from that
action. If the gains exceed the losses, then it seems natural to support the action.

That simple framework provides the starring point for the economic approach.
Economists suggest that actions have both benefits and costs. If the benefits exceed
the costs, then the action is desirable. On the other hand, if the costs exceed the ben-
efirs, then the action is not desirable.

We can formalize this in the following way. Let B be the benefits from a proposed
action and C be the costs. Our decision rule would then be

IfB > C, support the action.

Otherwise, oppose the action.2
As long as B and C are positive, an equivalent fonmdation would be

If B/C > 1, support the action.

2Actually if B = C, it wouldn't make any difference if die action occmÿ or not; the benefits and costs are
a wash.

t

Otherwise, oppose the action.
So far so good, but how do we measure benefits and costs? In economics the sys-

tem of measurement is anthropocentric, which simply means himlan-centered. All
benefits and costs are valued in terms of their effects (broadly defined) Oll human-
ity. As shall be pointed out later, that does rÿat imply (as it might first appear) that
ecosystem effects are ignored unless they directly affect humans. The fact that large
numbers of humans contribute voluntarily to orgalfizations that are dedicated to
environmental protection provides ample evidence that humans place a value on

Should Humans Place an Economic Value
on the Enviromnent?
Arne Naess, the late Norwegian philosopher, used the term "deep ecology" to
refer to the view that the nonhuman environment has "intrinsic" value, a value that
is independent of human interests. Intrinsic value is contrasted with "instrumen-
tal" value in which the value of the environment is derived from its usefulness in

satisfying human wants•
Two issues are raised by the Naess critique: (1) what is the basis for the valuing

of the environment? and (2) how is the valuation accomplished?The belief that the
environment may have a value that goes beyond its direct usefulness to humans is
in fact quite consistent with modern economic valuation techniques. As we show
in Chapter 3, economic valuation techniques now include the ability to quantify a
wide range of "nonuse" values as well as the more traditional "use" values.

Controversies over how the values are derived are less easily resolved• As
described !n this chapter, economic valuation is based firmly upon human prefer-
ences. Proponents of deep ecology, on the other hand, would argue that allowing
humans to determine the value of other species would have no more moral basis
than al{owing other species to determine the value of humans. Rather, deep ecol-
ogists argue, humans should on!y use environmental resources when necessary
for survival; otherwise, nature should be left alone. And, because economic valua
lion is not helpful in determining survival necessity, deep ecologists argue that it
contributes little to environmental management•

Those who oppose all economic valuation face a dilemma: when humans fail to
value the environment, it may be assigned a default value of zero in calculations
designed to guide policy. A value of zero, however derived, will tend to justify a
great dea! of environmental degradation that could not be justified with proper eco
nomic valuation. As a 1998 issue of Ecological Economics demonstrated, a num-
ber of environmenta! professionals now support economic valuation as a way to
demonstrate the enormous value of the environment to modern society. At the
very least, support seems to be growing for the proposition that economic valua
tion can be a very useful means of demonstrating when environmental degrada-
tion is sense!ess, even when judged from a !imited anthropomorphic perspective.

DBAI[
11

Sources: R, Costanza et aL "The Value of Ecosystem Services: Putting the Issues in Perspective" Ecological
Economics Vol. 25, No. 1 (1998): 67-72 and the other articles on valuation in that issue; Gretchen Dally
and Katherine Ellison. The New Economy of Nature; Tile Quest to Make Conservation Ptoflrable

(Washington, DC: Island Press, 2003).
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The Individual Demand Curve

Price
(dollars

per unit)

Pl

PO

d Curve

ql     qo
Quantity

The meaning of these demand cm'ves can be illustrated with this hypothetical
experiment: suppose;you were asked: At a price of Xdollars, how much commodity
Ywould you buy? Y0ilr answer could be recorded as a point on a diagram, as shown
in Figalre 2.2. By repeating the question many times for different prices, we could
trace out a locus of points. Connecting these points wo/dd yield an individual demmÿd
curve. Adding up all of the individual amounts demanded by all individuals at some
stipulated price yields one point on the market demand curve. Comaecting the points
for various prices reveals the market demand cltrve.

For each quantity purchased, the corresponding point on the market demand
curve represents the amount of money some person is willing to pay for the last unit
of the good. The totM willing,mess to pity for some quantity of this good  say, three
units--is the sum of the willingaess to pay for each of the three traits. Thus, the total
willingness to pay for three units would be measured by the sum of the willingness
to pay for the first, second, and third units, respectively. It is now a sinaple extension
to determine tJlat the total willingness to pay is the area Lmder the conthmous mar-
ket demand curve to the left of the allocation ha question. For example, in Figure
2.3 the total willingness to pay for five units of the commodity is the shaded area.3

3From simple geomen7 it can be noticed that for linear demand cmÿres this area is the sum of the areas
of the triangle on top pluÿs the rectangle on the bottom. The area of a right triangle is 1/2 x base x height.



20 VaMng the Environment: Concepts Normative Criteria for Decision-Making 21

Pl

d Curve

qÿ    qo
Quantity
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experiment: suppose you were asked: At a price of X dollars, how nmch commodity
Ywould you buy? Your answer could be recorded as a point on a diagram, as shown
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to determine that the total willingness to pay is the area under the continuous mar-
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Total willingaless to pay is the concept we shall use to define total be*zefits. Thus, total
benefits are equal to the area nndei" the market demand curve from the origin to the
allocation of interest.

Measuring total costs on the same set of axes involves logic similar to measuring
total benefits. It is important to stress that enviromnental services have costs even

though they are produced without any human input. All costs should be measured
as opportunity costs.

As presented in Example 2.2, the Opl)ott'anit), cost for using resources in a new or
an alternative way is the net benefit lost when specific environmental services are
foregone in the conversion to the new use. The notion that it is costless to convert
a forest to a new use is obviously wrong ifvaluable ecological services are lost in the
process.

To firm up this notion of opportunity cost, consider another example. Suppose a
particular stretch of river can be used either for white-water canoeing or to gener-

ate electric power. Since the dana that generates the power would flood the rapids,
the two uses are incompatible. The opportunity cost of producing power is the fore-
gone net benefit tbat would have resulted from the white-water canoeing. The
margilzal oppo'rtzmity cost cmwe defines the additional cost of produdng another unit
of electricity resulting from the associated incremelxtal loss of net benefits due to
reduced opportunities for white-water canoeinm

k,ÿ ÿ    •.::ÿNÿ.{ÿ-.<:@ÿ The Individual Demand Curve
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Vahung Ecologmal Servmes
from Preserved Tropmal Forests

- :   A< Chanter 13 makes c ear, one of the main threats to tropical forests is the con
iÿ ":'-'" !':"  vers.on of forested and to seine other use agr cuture, residences, and so on).

Whether economic incentives favor conversion of the land depends upon the mag-
nitude of the value that would be lost through conversion. How large is that value?
is it large enough to support preservation?

A group of ecologists investigated this question for a specific set of tropical for-
est fragments in Costa Rica.They chose to value one specific ecological service
provided by the local forest: wild bees using the nearby tropical forest as a habitat
provided pollination services to aid coffee production. While this coffee (C. Arabica)
can self-pollinate, pollination from wild bees has been shown to increase coffee

productivity from 15 to 50 percent.
When the authors placed an economic value on this particular ecological ser-

vice, they found that the pollination services from two specific preserved forest
fragments (46 and 111 hectares, respectively) were worth approximately $60,000
per year for one large, nearby Costa Rican coffee farm. As the authors conclude:

The value of forest in providing crop pollination service alone is ... of at least
the same order ]of magnitude] as major competing land uses, and infinitely
greater than that recognized by most governments (i.e.. zero).

These estimates only partially capture the value of this forest because they con-
sider only a single farm and a single type of ecological service. (This forest also pro-
vides carbon storage and water purification services, for example, and these were
net included n the calculation.) Despite their partial nature, however, these calcu-

!1  at ons alreadv beain to demonstrate the economic value of preserving the forest,
i  'even when considering only a limited number of spec!fic instrumental values.i:                                   il
i;   Source: Taylor H Rcketts et al. "Economic Value of Tiopical Forest to Coffee ProductionS' PNAS!   (Proceedings of the NationÿlAcademy of Science)VoC 101, No. 34 (August 24, 2002): 12579-12582,   ,
q

7btal cost is simply the sum of the marginal costs.4 The total cost of producing
three units is equal to the cost of producing the first unit plus the cost of produdng
the second unit plus the cost of producing the third unit. As with total willingness
to pay, the geometxic representation of the sum of the individual elements of a con-
dnuous marginal cost curve is the area mÿder the marginal cost curve, as flhÿstrated

in Figure 2.4 by the shaded area FGlffK.s
Since net benefit is defined as the excess of benefits over costs, it follows that net

benefit is eqnal to that portion of the area under the demand curve that lies above
the supply curve. Consider Figure 2.5, which conthines the information in Figures

2.3 and 2.4.

4Strictly speaking, die sum of the marginal costs is eqmd to total variable cost. hx the short txm, tiffs is
smaller than total cost by flxe amount of die fixed cost. For our pmqposes this distinction is not important.

SNote again that dais area is flxe stun of a right triangle and a rectangle. ÿ Figure 2.4 the focal wariable

cost of produciixg five mffts is $18.75. Why?
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The value of forest in providing crop pollination service alone is... of at least
the same order [of magnitude] as major competing land uses, and infinitely
greater than that recognized by most governments (i.e., zero).

Source: Taylor H. Ricketts et at. "Economic Value of Tropical Forest to Coffee Production;' PNAS
(Proceedings of the National Academy of Science) Vol. 101, No, 34 {August 24, 2002): 12579-12582.

Total cost is simply the sum of the marginal costs.4 The total cost of producing
three units is eqoal to the cost of producing the first unit plus the cost of producing
the second unit pbts the cost of producing the third lmit. As with total willingness
to pgy, the geometric representation of the sun1 of the individual elements of a con-
titmous mgrginal cost curve is the area under the marginal cost curve, as illustrated

in Figure 2.4 by the shaded area FGIJK.s
Since net benefit is defined as the excess of benefits over costs, it follows that not

benefit is equal to that portion of the area under the demand curve that ties above
the supply curve. Consider Figure 2.5, which combines the information in Figures
2.3 and 2.4.

"Stzictly speaking, the sum of the marginal costs is equal to total variable cost. In the short run, this is
smaller than total cost by the amount of the fixed cost. For our purposes this distinction is not important.

5Note aÿ'ain that this area is the sum of a right triangle and a rectangle. In Yigure 2.4 the total variable

These estimates only partially capture the value of this forest because they con-
sider only a single farm and a single type of ecological service. (This forest also pro-
vides carbon storage and water purification services, for example, and these were
not included in the calculation.) Despite their partial nature, however, these calcuÿ
lations already begin to demonstrate the economic value of preserving the forest,
even when considering only a limited number of specific instrumental values.

As Chapter 13 makes clear, one of the main threats to tropical forests is the con-
version of forested land to some other use (agriculture, residences, and so on).
Whether economic incentives favor conversion of the land depends upon the mag-
nitude of the value that would be lost through conversion. How large is that value?
Is it Iarge enough to support preservation?

A group of ecologists investigated this question for a specific set of tropical for-
est fragments in Costa Rica. They chose to value one specific ecological service
provided by the local forest: wild bees using the nearby tropical forest as a habitat
provided pollination services to aid coffee production. While this coffee (C. Arab!ca)
can self-pollinate, pollination from wild bees has been shown to increase coffee
productivity from 15 to 50 percent.

When the authors placed an economic value on this particular ecological ser-
vice, they found that the pollination services from two specific preserved forest
fragments (46 and 111 hectares, respectively) were worth approximately $60,000
per year for one large, nearby Costa Rican coffee farm. As the authors conclude:
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Let's now use this apparatus to illustrate the use of the decision rules introduced
earlier. For example, let's suppose that we are considering preserving a four-mile
stretch of river and that the benefits and costs of that action are reflected in Figure
2.5. Should that stretch be preserved? Explain why or why not?

Corr pari g Benefits and Costs Across Time
The analysis we have covered so far is vetT useful for thinldng about actions where
time is not an important factor. Yet many of the decisions made now have conse-
quences that persist well into the future. Time is a factor. Exhaustible energy
resources, once used, are gone. Biological renewable resources (such as fisheries or
forests) can be overharvested, leaving smaller and possihly weaker populations for
future generations. Persistent pollutants can aceumuJate over time. How can we
make choices when the benefits and costs may occur at different points in time?

Incorporating" time into the analysis requires an extension of the concepts we have
already developed. This exteusion provides a way for thinldng not only about the mag-
intude of benefits and costs, but also about their timing. In order to incorporate lÿn-
ing, the decision rule must provide a way to compare net benefits received in different
time periods. The concept that allows this comparison is called presest vahÿe. There-
fore, before introducing this expanded decision rule, we must define present value.

Present vahte explicitly incorporates the time value of nmney. A dollar today
invested at 10 percent interest yields $1.10 a year from now (the return of the $1
principal plus $0.10 interest). The present value of $1.10 received one year from
now is, therefore, $l because, given $1 now, you can turn it into $1.10 a year from
now by investing it at 10 percent interest. We can find the present value of any
ammmt of money (X) received one year from now by computing X/(1 + r), where r
is the appropriate interest rate (10 percent in our above example).

What could your dollar earn in two years at r percent interest? Because of com-
pound interest, the amSunt would be $1(1 + 0(1 + r) = $1(1 + 02. It follows then that
the present value of Xreceived two years from now is X/(1 + r)2.

By now the pattern should be dear. The present value of a ose-time net benefit
received n years from now is

B.
PV[B,,]- (1+ r)"

The present value of a stream of net benefits {B0,..., B} received over a period of*ÿ
years is computed as

11     131
Pv[R0  .....  s,,l--

°o (1 + r)

where r is the appropriate interest rate and B0 is the amount of net benefits received
illmmdiately. The process of calculating the present value is called discosntisg, and
the rate r is referred to as the discount rate.6

qÿhe disconnt rate should equal the social opportunity cost of capital. See (Scherag'a and Sussman, 1998)
for details on teslmiques ÿbr environmental discounting. In Chapter 4 we exalni*le the questions of
whether private firms can be expected to use the socially correct discomlt rate. In Chapter 3 we discuss
1ÿ ÿ.ÿ ÿ ÿ.1ÿo ÿ]ÿeÿllnt 1"oÿ {'or Iÿnlÿexÿ ÿnÿhlÿiÿ hv *he o'nvernment.

Valuing the Environment: Concepts


