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9 - MEASURING
ENVIRONMENTAL DAMAGE
I: TOTAL ECONOMIC VALUE

9.1 THE MEANING OF ENVIRONMENTAL VALUATION

T'he preceding chapters have discussed alternative ways of correcting
excessive pollution levels - letting a market in externality develop,
taxes, standards and marketable permits. It was shown that some
form of regulatory approach will generally be required - it is very
unlikely that markets in externality will develop. The remaining
instruments of regulation can be used in two sets of circumstances:

I. Situations where no attempt is made to identify the economically
optimal level of pollution.

2, Situations where efforts are made to determine the optimum and
then achieve it.

In the first case there is no requirement to measure the external cost
curve (MEC). We determine a standard, perhaps on health-related
criteria, and find the best way of achieving that standard. We saw
that taxes and marketable permils had attractive characteristics in
this respect. In the second case we have first to identify the optimum,
or approximate it, and then set the standard or tax accordingly. As we
saw, 1o do this we need also to know the private benefit function of
the polluter (MNPB).

This provides the first justification for trying to measure
environmental damage, ie. to identify the MEC curve. It is
important to recognise that the measurement in question is in money
terms. If it was in any other units we could not identify the optimum
because the MNPB curve (or the abatement cost curve, MAC) is
measured in these units. For the purposes of this chapter, therefore,
*valuation’ means money valuation,
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The idea of putting a money value on damage done to the
environment strikes many as illicit, even immoral. The justification
for monetary valuation lies in the way in which money is used as a
measuring rod to indicate gains and losses in utility or welfare, That
is, money is the means of measurement. It must not be confused with
mare popular concepts about making money as an objective - crude
greed, profit al the expense of others, the pusuit of Mammon. The
reason money is used as the measuring rod is that all of us express
our preferences every day in terms of these units - when buying
goods we indicate our ‘willingness to pay’ (WTP) by exchanging
money for the goods, and, in turn, our WTP must reflect our
preferences. We might use any other unils provided they can be
applied meaningfully to both the benefit and cost sides of the
pollution picture, and provided both reflect the preferences of
individuals. Some attempts have been made to find other units -
notably energy units — but, even if they can be applied to both sides
of the picture, they have no meaning in terms of preference
revelation, Accordingly, money units remain the best indicator we
have. Environmental economists simply have to bear the burden of
trying to explain what the use of money measures means, and what it
does not mean., Misunderstanding is something we can reduce, but
probably not eliminate.

Because money valuation relates back to individual preferences, it
does however follow that any rejection of preference as the proper
basis for decisions about the environment will entail rejection of the
use of money values, or economic values as we shall call them. This is
important. Many commentators on environmental economics
observe that there is a multiplicity of values — we cannot subsume
duty, obligation, keeping promises, love, and natural justice under
economic values. What is more, each type of value has a different
moral standing according to the viewpoint of the individual, Some
see duty as the dominant moral rule; others see consistency (doing
unto others only that which you would wish to see done to you, for
example); still others see natural justice as the important rule.
Chapter 15 discusses these profound issues in more detail, In this
chapter we begin with the assumption that it is economic value that
counts, although, as we shall see, the detection and measurement of
those values seems to raise many of the concerns that the critics
express about economic values.
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Table 9.1 Pollution damage (in billions) in the Netherlands.

Cumulative damage Annual damage

to 1985 1986
Pollution

i RS- 7. B uss
Adr pollution d.0-11.4 1.2-3.0 1.7-2.8 0.5-0.8
Water pollution n.a. n.a. 0.3-0.9 0.1-0.3
Moise nuisance 1.7 0.5 01 0.0
Total 5.7-13.0 I.7-1.5 21-38 ha-1.1

Sowrces: (1) MNetherlands Ministry of Public Housing, Physical Planning amd
Environmental Management, Environmenial Prograrm of the Netherlaneds 19861990,
The Hague, 1985, (2) 1. B. Opschoor, "A Review of Monetary Estimates of Benelits of
Environmental Improvements in the Netherlands', OECD Workshop on the Benefils
of Environmental Policy and Decision-Making, Avignon, France, October 1986,

8.2 THE USES OF ECONOMIC VALUE

We have already identified a major use to which economic value
measurements can be put: they should enable us to identify, or at least
approximate, the optimum. We may wish to do this ex ante, ie.
before deciding on a type of environmental regulation. We may wish
to do it ex post, i.e. after a regulation has been imposed, to see if the
regulation has got us nearer to the optimum.

A separate use for economic value measurements is to
demonstrate the importance of environmental policy. Many of the
gains from environmental policy do not show up in the form of
immediate monetary gain: the benefits are to be found more in the
quality of life than in any increment to a nation’s economic output.
But it is essentially a historical accident that some gains in human
welfare are recorded in monetary terms in the national accounts and
others are not. By and large, this is explained by the fact that the
accounts measure gains to economic sectors in which property rights

whether private or public - have been well defined. The third party
effects of economic activity - noise, air pollution, water pollution,
ete. — do not show up in the accounts either because the ill-defined or
absent rights to clean air, peace and quiet and pure water mean that
no monetary transfer takes place between polluter and polluted, or
because such transfers as do take place (e.g. through court action) are
not part of the national accounting conventions. Thus environmental

MEASURING ENVIRONMENTAL DAMAGEL 123

benefits tend to be less ‘concrete’, more ‘soft’ than market-place
benefits. The temptation is to downgrade them by comparison,

We can view the widespread support for environmental policy as a
reflection of the inappropriateness of this downgrading process. In
reality, the environment is wvalued highly and one task in
environmental policy is to record and measure these environmental
values in whatever ways possible,

It is possible to illustrate the way in which benefit estimation
techniques have been used to measure the importance of damage to
the environment and, conversely, the benefits of environmental
policy.

Table 9.1 shows estimates for the costs of environmental damage
in the Netherlands. Note that these are damage estimates arising
from pollution. A good many types of damage did not prove capable
of ‘monetisation’, so that, il the monetised figures are accepted,
actual damage exceeds the estimates shown, Various techniques were

Table 9.2 Pollution damage in the Federal Republic of Germany ( 1983-85)

Pollution [ billion USE billion
Air pollution

Health (respiratory

disease) 2.1-58 03-1.9
Materials damage 23 0.8
Agriculture 0.2 0.1
Forestry losses 23-29 (L.E-1.0
Forestry recreation 29-54 1.0-18
Forestry (other) 0.2-0.5 0.1-0.2
Disamenity 48.0 15.7
Warer pollution

Freshwater fishing 0.3 0.1
Ground water damage 9.0 29
Recreation ' n.a. n.a.
Naoise

Workplace noise 34 1.1
House price depreciation 30,0 98
Other 2.0 0.7
Total 103.0 339

Source; Adapted from data given in W, Schulz, “A Survey on the Status of Research
Concerning the Evaluation of Benefits of Environmental Policy in the Federal

Republic of Germany', OECD Workshop on the Benefits of Environmental Policy
and Decision Making, avignon, France, 1986,
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used to derive the figures and considerable caution should be
exercised In quoting or using them. They are, at best, *ball park’
numbers. Nonetheless, they show that even measured damage is a
significant cost to the economy - the totals shown are 0.5-0.9 per
cent of the Netherlands' GNP.

Table 9.2 presents similar estimates for the Federal Republic of
Germany. Again, many items have not been valued and differing
techniques are used to derive the estimates, The figures shown total
to over 100 billion Deutschmarks annual damage (about US $34
billion), the major part of which is accounted for by the disamenity
effects of air pollution {which is likely to include some of the
separately listed air pollution costs), and the effects of noise nuisance
on house values. The important point 15 that, if the estimates can be
accepted as being broadly in the area of the true costs, pollution
damage was costing an amount equal to 6 per cent of the Federal
Republic of Germany's GNP in 1985,

Table 9.3 shows estimates for the USA for the yvear 1978, However,
in this case the figures are for damage avoided by environmental
policy. That is, taking the total of $26.5 billion, the argument is that,
in the absence of environmental policy, pollution damage would

Table 9.3 The benefits of pollution control in the USA (1978).

Pollution LISE hillian
Air pollution
Health 7.0
Sonling and cleaning 30
Vegetation 0.3
Materials 07
Praperty Values' 07
Water pollution”
Recreational fishing 1.0
Boating 0.8
Swimming 0.3
Warerfow!l hunting 0.1
Mon-user henefits {16
Commercial fishing 0.4
[Yiversionary uses 1.4
Total 26.5

Source: AM. Freeman, Air and Warer Pallution Controf: A Benefit-Cost
Aszessment, Wiley, New York, 1982,

! Net of praperty value changes thought to be included in other items,

" AL one half the values estimated for 1985,

——— b e e e SR TR
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have been $26.5 billion higher in 1978 than it actually was. The total
shown in Table 9.3 would be 1.25 per cent of GNP in 1978. The
marked divergence between this figure and the percentage suggested
for Germany is partly explained by the absence of estimates for noise
nuisance, and by the very low figure for property value changes.

9.3 COSTS, BENEFITS, WILLINGNESS TO PAY AND
WILLINGNESS TO ACCEFT

We have seen that an underlying purpose in attempting a monetary
measure of the environment is to provide a check on the economic
rationality of investing in environmental improvement. The cost of
such improvements is measured in money terms and the monetary
sum involved should approximate the value to society of the resource
used up. Since resources are scarce it is important to establish that
the gain from the policy exceeds the resource cost, and this can only
be done by measuring the benefit in the same units as the costs. In
fact expenditures should be undertaken until the extra benefits are
just equal to the extra costs. In formal terms, marginal benefit should
equal the marginal cost of providing that benefit. In turn, this
equivalence meets the requirement that the scarce resources in the
economy be used in their most efficient way, i.e. given a certain level
of resources, the ‘marginal benefit equals marginal cost’ rule
maximises the total net benefit that can be achieved with these
TESOUTCES,

As noted previously, it is important to understand that the concep
of benefit is interpreted in a particular way. The basic idea is that
‘what people want’ - individuals® preferences — should be the basis of
benefit measurement. The easiest way Lo identify these preferences is
to see how people behave when presented with choices between
goods and services. We can reasonably assume that a positive
preference for something will show up in the form of a willingness ro
pay for it, In turn, each individuals willingness to pay will differ.
Since we are interested in what is socially desirable, we can aggrepate
the individual willingness to pay to secure a total willingness to pay.
The willingness-to-pay (WTP) concept thus gives an automatic
monetary indicator of preferences. While we can safely assume that
people will not be willing to pay for something they do not want, we
cannot be sure that WTP as measured by market prices accurately
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Price

{11 = Total expenditure
() = Consumer surplus
{1142 = Total benefit

Chantity

Figure 9.1 A demand curve for environmental goods,

measures the whole benefit to either individuals or society. The
reason for this is that there may be individuals who are willing to pay
more than the market price. If so, their benefit received is larger than
market price indicates. The ‘excess’ that they obtain is known as
CONsmer .THFPIH_'L

Accordingly we can write the following fundamental rule:

Gross WTP = Market price + Consumer surplus

The idea can be illustrated with the aid of a diagram showing a
demand curve. Figure 9.1 shows that the market price, determined by
forces of supply and demand in this case, is P* Since it is not
possible to charge a different price to each and every individual
buying the good, P* becomes the market price for everyone. But
individual A can be seen to be willing to pay a higher price: P,
Similarly, individual B is willing to pay a price P.. The total amount
of benefit obtained is in fact the entire area under the demand curve
shown by the two shaded areas. The shaded rectangle is the total
expenditure by individuals on this particular good, and the shaded
triangle is the consumer surplus. The two areas together then
measure total benefit.

The intuitive basis to monetary benefit measurement is thus rather
simple. People reveal their preferences for things they desire by
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Price

Cluantity

Figure 9.2  Changes in price and welfare gains.

showing their willingness to pay for them. Market price is our initial
guide to what people are willing to pay and hence total expenditure
on the good is our first approximation of benefit received. But since
there will be people willing to pay more than the market price, and
hence who secure a surplus of benefit over expenditure, gross WTP
will exceed total expenditure. What we seek in benefit measurement,
then, 15 a measure of areas under demand curves.,

As it happens, the strict requirements for areas under demand
curves to measure benefits is more complicated than this. Demand
curves of the kind shown in Figure 9.1 have the same income level as
we move up or down the demand curve. Along such demand curves,
known as Marshallian demand curves, income 15 held constant, We
require that individuals' welfare, well-being or ‘utility’ be held
constant, which somehow means correcting the demand curve for the
fact that utility varies as we move up and down the demand curve.
Such adjustments have been worked out in the economics literature,
Figure 9.2 shows the same demand curve as Figure 9.1 but this time
P* falls to P* because of some change in the market. It will be
evident that the price falls make the consumer ‘better off” because the
total shaded area (consumer surplus) has actually increased. The
gain from the price fall is shown by the heavy shaded area.
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Hypothetically, we can ask the consumer what he is willing to pay to
secure the price fall so as to leave him as well off at P# as he was at
P*, This measure, based on the income and relative price pertaining
to P*, is known as the compensating variation measure of benefit, If
instead we ask the consumer how much he would be willing to accept
in order to forego the price fall, the relevant base point will be P#.
That is, the consumer will want a sum of money that will make him
as well off as he would have been if the price fall has occurred, i.e. as
well off as he would be at P#. This sum, pertaining to the income and

price levels at the subsequent position, is known as the equivalent
variation.

the technically correct measure of benefit. The compensating
variation measure will be less than the area under the demand curve
shown in Figure 9.2, which in turn will be less than the equivalent
variation measure,

This digression into the technical basis of benefit measurement is
important because it reveals that we have two basic concepts of
benefit: one based on willingness to pay (WTP) and another based
on willingness to accept (WTA). The theory of economics tells us that
these ought not to differ very much but, as we shall see, some
empirical studies suggest that there may be marked differences
between the two. To obtain some idea of why this appears to happen
consider the intuitive basis of the two measures. WTP has already
been explained: individuals reveal their preferences for an
environmental gain by their willingness to pay for it in the market
place (we consider in a moment the fact that most environmental
goods and services have no markets). But we are often faced with the
problem of how we value an environmental loss, In that case we can
ask how much people are willing to pay to prevent the loss or how
much they are willing to accept in the way of compensation to put up
with the loss. In short, there will be two measures of benefit gained
from an environmental improvement and two measures of loss, or
‘damage’, from an environmental deterioration. The measures are:

1. WTP 1o secure a benefit.
2, WTA to forego a benefit,
3. WTP to prevent a loss,
4. WTA to tolerate a loss.

Why should these measures differ? Individuals appear to view losses
differently to gains, a phenomenon that psychologists refer to as
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‘cognitive dissonance’. Given an initial position, they see an extra
benefit as being worth so much, but a removal of some part of what
they already have is seen differently, perhaps as containing some
infringement against what they regard as being theirs “by right".
Certainly, the phenomenon of asymmetry in the valuation of gains
and losses in relation to some initial position is known to
psychologists. They differentiate the benefit case from the loss case,
referring to the former having a *purchase structure’ and the latter as
having a ‘compensation structure’. How the values differ in the two
contexts depends very much on what is considered by the individual
as being the ‘normal’ state,

If WTA and WTP do differ significantly, then we have a problem
for the measurement of environmental benefits, for many cases will
involve the prevention of a loss rather than securing a benefit. It is
likely then that the ‘compensation structure’ will be more important
in these cases than the ‘purchase structure’. A policy of preventing
the loss may not be justifiable if the measure of benefit is based on
WTP to prevent the loss, but justifiable if the benefit 1s measured as
WTA compensation to tolerate the loss. It seems fair to say that this
issue is not resolved in the environmental economics literature.
Psychologists express little surprise that WTP and WTA are not the
same; some economists find that they differ in many studies; others
find that they may converge if the study is formulated in a particular
way, and economic theorists tend to dispute that WTP and WTA can
differ so much simply because the theory says that they ought not to
differ (and hence there must be something wrong with the empirical
studies).

9.4 TOTAL ECONOMIC VALUE

We are now in a position to explore the nature of the economic
values embodied in the demand curve of Figure 9.1, While the
terminology is still not agreed, environmental economists have gone
some considerable way towards a taxonomy of economic values as
they relate to natural environments, Interestingly, this taxonomy
embraces some of the concerns of the environmentalist. 1t begins by
distinguishing user values from ‘intrinsic’ values. User values, or user
benefits, derive from the actual use of the environment. An angler,
wildfow]l hunter, fell walker, ornithologist, all use the natural
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environment and derive henefit from it. Those who like to view the
countryside, directly or through other media such as photograph and
film also ‘use’ the environment and secure benefit. The values so
expressed are economic values in the sense we have defined. Slightly
more complex are values expressed through oprions to use the
environment, that is, the value of the environment as a potential
benefit as opposed to actual present use value. Economists refer to
this as aption value. 1t is essentially an expression of preference, a
willingness to pay, for the preservation of an environment against
some probability that the individual will make use of it at a later
date. Provided the uncertainty concerning future use is an
uncertainty relating to the availability, or ‘supply’, of the
environment, the theory tells us that this option value is fikely to be
positive (see below). In this way we obtain the first part of an overall
equation for total economic value, This equation says:

Total user value = Actual use value + Option value

Intrinsic values present more problems. They suggest values which
are in the real nature of the thing and unassociated with actual use,
or even the option to use the thing. Chapter | drew attention to one
meaning of ‘intrinsic’ value, namely a value that resides ‘in’
something and that is unrelated 1o homan being altogether. Put
another way, if there were no humans, some people would argue that
animals, habitats, etc. would still have ‘intrinsic’ value. We drew
attention in Section 1.10 to a separate, but not wholly independent
concept of intrinsic value, namely value that resides ‘in’ something
but which is captured by people through their preferences in the form
of non-use value. For the rest of this chapter it is this second
definition of intrinsic value that we use. That is, values are taken to
be entities that reflect people’s preferences, but those values include
concern for, sympathy with, respect for the rights or welfare of non-
human beings and the values of which are unrelated to human use,
The briefest introspection will confirm that there are such values. A
great many people value the remaining stocks of blue, humpback
and fin whales. Very few of those people value them in order to
maintain the option of seeing them for themselves. What they value
is the exisrence of the whales, a value unrelated to use although, to be
sure, the vehicle by which they secure the knowledge for that value to
exist may well be film or photograph or the recounted story. The
example of the whales can be repeated many thousands of times for
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ather species, threatened or otherwise, and for whole ecosystems
such as rainforests, wetlands, lakes, rivers, mountains, and so on.

These existence values are certainly fuzzy values. It is not very
clear how they are best defined. They are not related to vicarious
benefit, i.e. securing pleasure because others derive a use value.
Vicarious benefit belongs in the class of option values, in this case a
willingness to pay to preserve the environment for the benefit of
others. Nor are existence values what the literature calls beguest
values, a willingness to pay Lo preserve the environment for the
benefit of our children and grandchildren. That motive also belongs
with option value. Note that if the beguest is for our immediate
descendants we shall be fairly confident at guessing the nature of
their preferences, If we extend the bequest motive to future
generations in general, as many environmentalists would urge us to,
we face the difficulty of not knowing their preferences. This kind of
uncertainty is different to the uncertainty about availability of the
environment in the future which made option value positive.
Assuming it is legitimate to include the preferences of as yet unborn
individuals, uncertainty about future preferences could make option
value negative. Provisionally we state that:

Intrinsic value = Existence value

where, for now, existence values relate to values expressed by
individuals such that those values are unrelated to use of the
environment, or future use by the valuer or the valuer on behalf of
some future person.

In this way we can write our formula for total economic value as:

Total economic value = Actual use value + Option value +
Existence value

Within this equation we might also state that:

Option value = Value in use (by the individual) + Value in use by
future individuals (decendant and future genera-

tions) *+ value in use by others (vicarious value to
the individual)

The context in which we tend to look for total economic values
should also not be forgotten. In many of those contexts three
important features are present. The first is irreversibility. If the asset
in question is not preserved it is likely to be eliminated with little or
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no chance of regeneration. The second is uncertainty: the future is
not known, and hence there are potential costs if the asset is
eliminated and a future choice is foregone. A dominant form of such
uncertainty is our ignorance about how ecosystems work: in
sacrificing one asset we do not know what else we are likely to lose.
The third feature is uniqueness. Some empirical attempts to measure
existence values tend to relate to endangered species and unigue
scenic views. Economic theory tells us that this combination of
attributes will dictate preferences which err on the cautious side of
exploitation. That is, preservation will be relatively more favoured in
comparison to development.

There is no particular agreement on the nature of the equation for
total economic value. Some writers regard intrinsic value as part of
existence value rather than as its equivalent. Others regard intrinsic
value as being inclusive of option value. To a considerable extent the
variations in definition appear to relate to what is meant by ‘use’.
Thus il it means actual current use by the individual expressing the
preference, bequest values are not use values. The view taken here,
however, is that the issue of when use occurs and by whom cannot be
regarded as differentiating characteristics: all uses, whenever they
occur and whoever they are by, give rise to use values. Equally, all
use values are conceptually distinet from the intrinsic value of the
environment which we currently equate with existence value. It is

clear that the concepts of option and existence value need further
investigation.

9.5 OPTION YALUE

The willingness to pay for an environmental good, e.g. wildlife
preservation, a national park, improved water or air quality, is
related to the consumer surplus that the individual expeets to receive
from that good. We saw that gross WTP was made up of the
intended expenditure on the good plus the consumer surplus (CS),
The benefit to the individual will therefore be the excess WTP over
what is actually paid out, since the latter is the cost to the individual.
This excess is CS, Since decisions are made on the basis of what is
expected, we can say that the relevant CS is expected CS, which we
write as E(CS).

If we are sure of our capability of buying the good, and of our
future preferences, and of the availability of the good when we want
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it, E(CS) is a proper measure of the benefit of the good. 1t is this that
we would wish to put into cur cost-benefit assessment. If it costs an
amount C to preserve a wildlife habitat, for example, we can say that
it is worth preserving it if C < E(CS). However, the idea that we are
certain of both the factors influencing our demand for the wildlife
habitat, and the factors influencing its supply is not realistic. On the
demand side we might be unsure of our income and unsure of our
preferences in the future. On the supply side, we may be unsure that
the habitat will be there for us to enjoy. It is this presence of
uncertainty that requires us to modify the use of E(CS) as our
measure of benefit.

We can illustrate the required modification by considering supply
uncertainty. This is very relevant in the real world because natural
environments are everywhere being reduced in size and number. We
cannot be sure that a given environment will be available to us in the
future. The basic idea is that, given this supply uncertainty, and given
the fact that most people do not like risk and uncertainty (they are
said to be risk gverse), an individual will be willing to pay more than
the expected C8 in order to ensure that he or she can make use of the
environment later an. The total WTP is called aption price (OP) and
it comprises the expected consumer surplus plus *option value’ where
option value (OV) is the extra payment to ensure future availability
of the wildlife habitat; that is:

Option price = Expected consumer surplus + Option value
or

OP = E(CS) + OV

On this basis, simply estimating future use of the wildlife habitat will
give us only E{CS) and will ignore OV. We will have underestimated
the true value of the habitat.

Once different attitudes to risk are introduced and the uncertainty
is extended to the ‘demand side’, we cannot be sure OV is positive.
Indeed, even with supply side uncertainty, there is ambiguity over the
sign of OV. The analytical basis for these judgements is complex (see
the notes on further reading for this chapter) but the general outcome
is as shown in Table 9.4, although the reader is warned that the signs
shown for supply uncertainty require certain technical assumptions
to be fulfilled.

A further source of value is quasi option value. Imagine a
development that threatens to destroy the wildlife habitat we have
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Tahble 9.4

Sign of OV

Risk loving Risk neuiral Risk averse

[emand uncertainty

Income +ve 0 -VE
Preferences T 1 T
Supply uncertaingy Ve ] e

been hypothesising, The development has a certain value in terms of
people’s willingness to pay for its outcome, An illustration might be a
tropical forest which contains a rich range of diverse species which
may have future value for scientific and commercial purposes. Many
experts argue this, for example, with respect to plant species for
pharmaceuticals and for crop breeding. There are uncertain benefits
from the preservation of the habitat, but these benefits could become
more certain through time as information grows aboult the uses to
which the forest species can be put. But if the development takes
place, this source of genetic information is lost for ever. Quasi option
value (QOV) is the value of preserving options for future use given
some expectation of the growth of knowledge. If QOV is positive it
would tend to support the view that the development should be
postponed in order to make a better decision later.

The literature suggests that if the expected growth of informatian
is independent of the developments, ie. we do not need the
development to generate the information, then QOV will always be
positive, If, on the other hand, the information depends on the
development, QOV could be positive or negative: positive when the
uncertainty is about the benefits of preservation, and negative when
the uncertainty is about the benefits of the development. It seems fair
to say that the types of information growth in question in the real
world are nor related to development. Hence the presumption must
be that QOV is always positive,

9.6 EXISTENCE VALUE

Existence value is a value placed on an environmental good and
which is unrelated to any actual or potential use of the good. At first
sight this may seem an odd category of economic value for, surely,
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value derives from use? To see how existence values can be positive
consider the many environmental funds and organisations in
existence to protect endangered species. The subject of these
campaigns could be a readily identifiable and used habitat near to the
person supporting the campaign. It is very often a remote
environment, however, so much so that it is not realistic to expect the
campaigner to use it now, or even in the future. Nonetheless, many
people support campaigns Lo protect tropical forests, to ban the
hunting of whales, to protect giant pandas, rhinoceros, and so on.
All are consumable vicariously through film and television, but
vicarious demand cannot explain the substantial support for such
campalgns and activities. This type of value, unrelated to use, is
existence value.

Existence value provides one of the building bridges between
economists and environmentalisis, for it is not readily explained by
the conventional motives. Economists have suggested a number of
motives, all of which reduce to some form of altruism - caring for
other people or other beings:

1. Bequest motives relate to the idea of willing a supply of natural
environments to one’s heirs or to future generations in general. It
is no different to passing on accumulated personal assets. As
noted above, however, we prefer to see bequest motives as part of
a wse value, the user being the heir or future generation. It is
possible, of course, to think of a bequest as relating to the
satisfaction that we believe will be given to future generations
from the mere existence of the asset, but the very notion of
bequest tends to imply that the inheritor makes some use of the
assel,

2. Gift motives are very similar but the object of the gift tends o be a
current person — a friend, say, or a relative. Once again, gift
motives are more likely to be for use by the recipient, We do not
therefore count the gift motive as explaining existence value - it is
one more use value based on altruism,

3. Sympathy for people or animals. This motive is more relevant to
existence value. Sympathy for animals tends to vary by culture
and nation, but in a great many nations it is the norm, not the
exception. It is consistent with this motive that we are willing to
pay to preserve habitats out of sympathy for the sentient beings,
including humans, that occupy them.
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Much of the literature on existence value stops here. The reason for
this is that altruistic motives are familiar to economists. They make
economic analysis more complex but, by and large, aliruism can be
conveniently subsumed in the traditional model of rational economic
behaviour. In terms of the idea that individuals maximise utility, or
welfare, what we can say is that altruism gives utility to the giver, and
the giver’s utility depends on the utility of other people, or other
beings, This interpretation fits neatly into the rational economic man
concept, and avoids facing up to still other motives that may be
relevant to explaining existence value.

What might these other motives be? One suggestion is that non-
human beings have rights, and that when people express an exisience
value unrelated to their own or anyone else’s use of the environment,
they are, as it were, voicing those rights because the beings in
question cannot do so. But if this is a motive for existence value, then
it appears to cause problems for the model of rational economic
man, or $0 some economists lear. It means, for example, that actions
may be motivated by factors other than maximising utility, In turn,
this means that we will not be able to explain the world (completely
anyway) in terms of utility maximisation. Maor, if the rights of others
have superior moral standing over utility maximisation, can we
prescribe policy on the basis of maximising utility (or benefits).
Given the powerful supersiructure that economists have built up on
the basis of utility maximisation, it is very understandable that they
should be unwilling to sacrifice its generality. But the idea that
behaviour often is motivated by the respect for the rights of others is
hardly surprising. It is a fact of life. Why, then, is it any more odd to
think of valuations reflecting the rights of other beings? We are, after
all, used to the idea that we can pursue our own pleasure only within
limits set by society, limits that attempt to embody rights.

The 1ssue here may then be one of deciding when it is, and is not,
proper to take account of existence values, If the aim of society is to
allocate resources so as to maximise, as far as possible, the utility of
individuals in society, then it will be correct to take account of
existence value if it is altruistically based. If, on the other hand,
existence value relates to a rights motive, and we do not wish such
motives to be relevant to the design of policy, it will be improper to
take account of it. The reader must decide for himself or herself. For
the record, we see no inconsistency in taking account of existence
value — whatever its basis — because the values in question are of
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people and because social policy typically does reflect both wants
and rights,

A second motive for existence value unrelated to altruism is
stewardship. We might also refer to this motive as Gafan, after the
Greek goddess of the earth, Gaia. A Gaian motive might be based on
the idea that the Earth is something far greater and more important
than the multitudes of people it supports, and that its population has
a responsibility to see that it survives. The implication, of course, is
that individual wants may have to be sacrificed to some greater good
but, again, we should not be surprised at this idea. Families engage in
such activities frequently., There exists also a modern Gaian
movement based on a scientific hypothesis that the Earth is a living
organism which adjusts in a self-regulating manner to external
shocks. An ironic twist to the Gaian motive for existence value,

however, is that, in this view, humans are rather unimportant in the
self-regulation.

9.7 EMPIRICAL MEASURES OF OPTION AND
EXISTENCE VALUE

It is possible to secure empirical estimates of option and existence
value by the use of procedures which adopt a questionnaire approach
to the WTP for benefits. This approach, the contingenr valuation
approach, is described in Chapter 10. In this section we report several
studies which have attempted to obtain actual measures.

David Brookshire, Larry Eubanks and Alan Randall (1983)
measured the option price (option value plus expected consumer
surplus) and existence value of grizely bears and bighorn sheep in
Wyoming, both species being subject to threats to their existence, By
asking hunters for their WTP in a context where the probability of
there being adequate supplies of these species was variable, the
authors were able to uncover different types of economic value. A
hunter who was certain of his own intentions nonetheless faced
uncertain supply. The pattern of bids is shown in Figurz 9.3, The U
refers to respondents who were uncertain if they would hunt, the C to
respondents who were certain they would. This captures an element
of demand uncertainty. The subscripts 5 and 15 refer to the number
of years before a programme of protection would permit the hunting
to take place, the programme being hypothetically paid for by the
licences for which the respondents were bidding.
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large ratio is that the resource in question is unigue - it has no
substitutes. Where substitutes exist one would expect existence
values to be lower, and this tends to be the picture in other studies on
existence value.

Jon Strand (1981) reports a CVM-type study of acid rain for
Norway. After indicating the nature of the environmental problem -
damage to freshwater fish from acid rain - respondents were given a
starting point figure for the global cost of stopping acid pollution
which was translated into a special income tax, They were then asked
if they were willing to pay this sum. The approach was thus of the
‘take-it-or-leave-it” kind rather than one involving iterative hids in
which respondents could vary their bid according to different levels
of clean-up. But the hypothetical tax rates were varied across the
four samples of respondents interviewed, i.¢. the tax rate was the
same for each sample but varied between samples. The ‘yes’
responses were found for the lower taxes. Strand then estimates ‘bid
curves’ using this information in a conditional probability
framework, i.e. estimating the probability that a respondent would
pay a particular tax given a certain income. Strand estimates that the
average bid was 800 Norwegian krone per capita. Given a population
of 3.1 million, this translates to a ‘national’ annual benefit of 2.5
billion krone. Earlier work by Strand suggests that user values are
about | billion krone, so that subtracting this from the implied total
preservation value of 2.5 billion krone gives an existence value of 1.5
billion krane, In 1982 terms this translates to some $270 million or
about 1 per cent of the Norwegian GNP. Note that, by asking for
WTP, the Strand study probably underestimates the true value of
benefits of reduced aguatic acidification, The reason for this is that a
good deal of the acidity arises from ‘imported’ pollution and
respondents will generally have been aware of this. Accordingly, they
may well have had the attitude that others besides themselves should
pay for the clean-up,

10 - MEASURING

ENVIRONMENTAL DAMAGE
IT: VALUATION
METHODOLOGIES

10.1 TOTAL ECONOMIC VALUE AND DECISION-M AKING

Chapter 9 showed that the relevant concept when mﬁas.urmg the
benefit of an environmental improvement is total economic value
(TEV). In the same way, il we wished Lo measure the damage done to
the environment, say by a development project, we would want to
calculate the TEV that is lost by the development. Damage and
benefit are obverse sides of the same concept.

The relevant comparison when looking at a decision on a
development project is between the cost of the project, the benefit of
the project, and the TEV that is lost by the development. More
formally, we can write the basic rules as:

(1) proceed with the development if

(8o - Cn- Be) =0

ancl
(ii) do not develop if

(Bn-Con-Be) <0

where Bp refers to the benefits of development, Cp refers to the costs
of the development and Be refers to the benefits of preserving the
environment by not developing the area.

TEV is in fact a measure of Be, the total value of the asset left as a
natural environment. The benefits and costs of the development will
be relatively simple to measure, primarily because they are likely to
be in the form of marketed inputs and outputs which have
observable prices. This is clearly not going to be the case with TEV,

so we need now to investigate ways in which we can measure the
component parts of TEV.
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10.2 DIRECT AND INDIRECT VALUATION

The approaches to the economic measurement of environmental
benefits have been broadly classified as direct and indirect
technigues. The former considers environmental gains - an improved
scenic view, better levels of air quality or water quality, etc. - and
seeks directly to measure the money value of those gains. This may
be done by looking for a surrogate market or by experimental
techniques. The surrogate market approach looks for a market in
which goods or factors of production (especially labour services) are
bought and sold, and observes that environmental benefits or cosls
are frequently attributes of those goods or factors. Thus, a fine view
or the level of the air quality is an attribute or feature of a house,
risky environmenis may be features of certain jobs, and so on.
The experimental approach simulates a market by placing
respondents in a position in which they can express their
hypothetical valuations of real improvements in specific environ-
ments. In this second case, the aim is to make the hypothetical
valuation as real as possible.

Indirect procedures for benefit estimation do not seek 1o measure
direct revealed preferences for the environmental good in question.
Instead, they calculate a ‘dose-response’ relationship between
pollution and some effect, and only then is some measure of
preference for that effect applied. Examples of dose-response
relationships include the effect of pollution on health, the effect of
pollution on the physical depreciation of material assets such as
metals and buildings, the effect of pollution on aquatic ecosystems
and the effect of pollution on vegetation.

However, indirect procedures do not constitute a method of
finding the willingness to pay, WTP, for the environmental benefit
{or the willingness to accept, WTA, compensation for environmental
damage suffered). What they do is to estimate the relationship
between the ‘dose’ (pollution) and the non-monetary effect (health
impairment, for example). Only then do they apply WTP measures
taken from direct valuation approaches. Accordingly, we do not
discuss indirect procedures further in this chapter,

S
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10.3 THE HEDONIC PRICE APPROACH

The value of a piece of land is related to the stream of benefits to be
derived from the land. Agricultural output and shelter are the most
obvious of such benefits, but access to the workplace, to commereial
amenities and to environmental facilities such as parks, and the
environmental quality of the neighbourhood in which the land is
located are also important benefits which accrue to the person who
has the right to use a particular piece of land. The property value
approach to the measurement of benefit estimation is based on this
simple underlying assumption. Given that different locations have
varied environmental attributes, such variations will result in
differences in property values. With the use of appropriate statistical
techniques the hedonic approach attempts to (a) idenrify how much
of a property differential is due to a particular environmental
difference between properties and (b) infer how much people are
willing to pay for an improvement in the environmental quality that
they face and what the social value of improvement is. Both the
identification and the inference activities involve a number of issues
which are discussed in some detail below.

The identification of a property price effect due to a difference in
pollution levels is usually done by means of a multiple regression
technigue in which data are taken either on a small number of similar
residential properties over a period of years (lime series), or on a
large number of diverse propertics at a point in time (cross section),
or on both (pooled data). In practice, almost all property value
studies have been cross-section data, as controlling for other
influences over time is much more ditficult.

It is well known of course that differences in residential property
values can arise from any sources, such as the amount and guality of
accommodation available, the accessibility of the central business
district, the level and quality of local public facilities, the level of
taxes that have to be paid on the property, and the environmental
characteristics of the neighbourhood, as measured by the levels of air
pollution, traffic and aircraft noise, and access to parks and water
facilities. In order to pick up the effects of any of these variables on
the value of a property, they all have to be included in the analysis,
Hence such studies usually involve a number of property variables, a
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number of neighbourhood variables, a number of accessibility
variables and finally the environmental variables of interest. If any
variable that is relevant is excluded from the analysis then the
estimated effects on property value of the included variables could be
biased. Whether the bias is upward or downward will depend on how
the included and excluded variables relate to each other and to the
value of the property.

On the other hand if a variable that is irrelevant is included in the
analysis then no such systematic bias results, although the estimates
of the effects of the included variables are rendered somewhat less
reliable. This would suggest then that we include as many variables
as possible. However, doing so creates another difficulty. Typically
many of the variables of interest are themselves very closely
correlated. So, for example, accessibility to the town centre is often
closely related to some measures of air pollution, and one measure of
air pollution, such as total suspended particulate matter, is very
closely correlated to other measures such as sulphur dioxide. To
overcome this, many studies use only one ‘representative’ measure of
pollution.

The first stage in the hedonic price approach, then, is to estimate
an equation of the form:

property price = f(property variables, neighbourhood variables,
accessibility variables, environmental variables)

or, symbolically,
PP = [{(PROP, NHOOD, ACCESS, ENV)

where f{ .....) simply means ‘is a function of* (depends upon). The
actual specification of this equation is a matter of professional
choice. A familiar one is;

InPP = aln PROP + bln NHOOD + ¢ln ACCESS + dInENY

where ‘In* simply refers to logarithm. By feeding in the observed
values for property prices, the property variables, the neighbour-
hood, accessibility and environmental variables, a simple computer
program will generate the values of a, b, ¢ and d. In this case, the
value of d will tell us by how much property prices vary if we alter the
value of the environmental variable. Provided we can relate the
property price to the willingness to pay, we have nearly solved the
problem of valuing environmental damage (or improvement).
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Figure 10.1 Property prices and environmental guality.

Figure 10.1 shows a typical relationship between pollution and
property values that might be uncovered by the hedonic price
techniques. It shows that as the pollution level decreases, so property
values rise, but at a declining rate. Figure 10.2 plots the slope of the
relationship in Figure 10.1 against the level of pollution, This is
shown as AB. Hence it gives, for each level of pollution, the amount
by which property values would fall if pollution levels were to be
increased by a small amount,

If we are to obtain an estimate of the demand for environmental
quality we would like to know how much households are willing to
pay for given levels of environmental quality. In Figure 10.2 consider
an individual or household who is living in an environment with an
ambient pollution level 2. It is assumed in the hedonic methodology
that this choice has been arrived at in a rational manner. That is to
say, the household concerned has weighed the benefits of living in
alternative locations against the costs and on balance has chosen
location P*. To arrive at this decision it must have concluded that the
extra payment required in higher property prices for an improvement
in the environment from a pollution level slightly higher than /' to
P is just equal to the benefits of that improvement. Hence we can
define the amount W' as that household’s willingness to pay for the
last unit of environmental quality. But such a willingness to pay is a
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Figure 10.2  Willingness to pay and hedonic property prices.

point on the households demand curve, and other such points are
indicated by the broken line CD through E’.

What this shows us is that the estimated hedonic price relationship
can be used to obtain a point on each household’s demand curve, and
that the slope of the estimated relationship is a locus of points on the
demand curves of many different households, If all such households
were identical in every respect then the derived curve AB in Figure
10.2 would also be the demand curve for environmental quality.
Each household’s willingness to pay for a small improvement at
every level of pollution P must also be every other household’s
willingness to pay if they are all identical, and the locus of
willingness-to-pay points defines the demand curve. In general,
however, households will differ in income and preference for
environmental quality. When that is the case the hedonic approach
as outlined so far only gives us partial information on the demand
structure. What is now required is to see how this marginal
willingness to pay varies with household income and other household
characteristics. This involves a further statistical exercise which
would then estimate the demand function for environmental quality.

In order to value any environmental improvement we would now
use the estimated inverse demand functions CD. Suppose that
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pollution falls from P to P. Then the gain in consumer surplus to
each household at P is the area E°E'FG. By adding up all such
consumer surpluses we obtain the overall value of the environmental
improvement. In fact, most empirical studies work with schedules
such as AB, i.e. this second stage is not carried out.

Table 10,1 reports the results of hedonic price air pollution studies
where significant effects of air pollution on property values have
been found and where these effects can be expressed irrespective of
the units of measurement of pollution or property values (i.e. in
percentage terms). As stated earlier, many such studies find it
difficult to distinguish between different forms of air pollution
because of their strong inter-correlation. In these cases the one
pollution measure included inevitably picks up the effects of all
forms of air pollution with which it is strongly correlated. The results
in Table 10.1 suggest that a | per cent increase in sulphation levels
will result in falls in property values between (.06 and 0.12 per cent.
A similar increase in particulates lowers property values by between
0.05 and 0.14 per cent. Where the pollution variable is picking up
more that one measure of air pollution, property value falls of

Table 10.1 Impact of air pollution on property values.

City Year of: Pollution Percentage lall in
(a) property data property value for a
(b pollution percentage increase
MEAsUre in polluticn
St Louis (a) 1960 Sulphation 0,06 -0.10
(b) 1963 Paniculates 020,14
Chicago (a) 1964-67 Particulates
(b 1964-67 and 0.20-0.50
sulphation
Washington {a) 1970 Particulates 0,05-0.12
(b) 196768 Oxidants (hal-0.02
Toronte-Hamilton (a) 1961 Sulphation 0.06-0.12
(b 196167
Philadelphia  {a) 1960 Sulphation 0. 10
(b} 1969 Particulates 012
Pittsburg (a) 1970 Dustiall and 09— 15
(b) 1969 sulphation
Los Angeles  (a) 1977-78 Particulates
{b) 1977-78 and 0,22
oxidants

Source: D. W, Pearce and A. Markandya, The Benefits of Environmernital Policy,
OECD, Paris, 198B.
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between 0.09 and 0.5 per cent are recorded. Again we should note
that the fall in property values per unit increase in pollution could
vary with the level of pollution.

0.4 CONTINGENT VALUATION

The contingent valuation method {CVM) uses a direct approach - it
basically asks people what they are willing to pay for a benefit,
and/or what they are willing to receive by way of compensation to
tolerate a cost, This process of “asking' may be either through a dirzct
questionnaire/survey, or by experimental techniques in which
subjects respond to various stimuli in ‘laboratory’ conditions. What
is sought are the personal valuations of the respondent for increases
or decreases in the quantity of some good, contingent upon a
hypothetical market. Respondents say that they would be willing to
pay or willing to accept if a market existed for the good in question,
A contingent market is taken to include not just the good itself (an
improved view, better water quality, ete.), but also the institutional
context in which it would be provided, and the way in which it would
be financed.

One major attraction of CVM is that it should, technically, be
applicable to all circumstances and thus has two important features;

* it will frequently be the only technique of benefit estimation
* it should be applicable to most contexts of environmental policy.

The aim of the CVM is to elicit valuations — or ‘bids® - which are
close to those that would be revealed if an actual market existed. The
hypothetical market - the questioner, questionnaire and respondent

must therefore be as close as possible to a real market. The
respondent must, for example, be familiar with the good in question.
It the good is improved scenic visibility, this might be achieved by
showing the respondent photographs of the view with and without
particular levels of pollution. The respondent must also be familiar
with the hypothetical means of payment - say, a local tax or direct
entry charge - known as the payment vehicle.

The questioner suggests the first bid - the ‘starting point bid
(price)’ — and the respondent agrees or denies that he/she would be
willing to pay it. An iterative procedure follows: the starting point
price is increased to see if the respondent would still be willing to pay
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it, and so on until the respondent declares he/she is not willing to pay
the extra increment in the bid. The last accepted bid, then, is the
maximum willingness to pay (MWTP). The process works in reverse
if the aim is to elicit willingness to accepr (WTA): bids are
systematically lowered until the respondent’s minimum WTA is
reached.

A very large part of the literature on CVM is taken up with
discussion about the ‘accuracy’ of CVM. Accuracy is not easy to
define, But since the basic aim of CYM is to elicit ‘real’ values, a bid
will be accurate if it coincides (within reason) with one that would
result if an actual market existed. But since actual markets do not
exist ex hypothesi (otherwise there would be no reason to use the
technique), accuracy must be tested by seeing that:

* the resulting bid is similar to that achieved by other techniques

based on surrogate markets (house price approach, wage studies,
ete.)

* the resulting bid is similar to one achieved by introducing the
kinds of incentives that exist in real markets to reveal preference.

There are various ways of classifying the nature of the biases that
may be present in the CVM. A classification is shown in Table 10.2.

Table 10.2 Sources of bias in CVM,

Strategic Incentive to ‘free ride™
Dezign {a) starting point bias
(b} vehicle bias
ic) informational bias
Hypothetical Are bids in hypothetical markets
different 1o actusl market bids?
Why should they he?
Operational . How are hypothetical markeis
consistent with markets in which
actual choices are made?

The concern with strategic bias is long-standing in economics and
emanates from the supposed problem of getting individuals to reveal
their true preferences in contexts where, by not telling the truth, they
will still secure a benefit in excess of the costs they have to pay. This
15 the free rider problem. For example, if individuals are told that a
service will be provided if (a) the total aggregated sum they are
willing to pay exceeds the cost of provision, and (b) that each will be
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charged a price according to their maximum WTP, then the
presumption is that each individual will understate his or her true
demand. The context is one in which the good in question is a *public
good’, or has features of a public good. Such goods are difficult to
provide in 4 way that excludes anyone from enjoying them, and the
consumption of the good by each individual tends not to be at the
cost of consumption to other individuals. Environmental quality has
these features, Hence the relevance of the ‘free rider’ problem.
Typically, however, C¥M studies have not found strategic bias to be
significant,

The potential for design bias arises from various sources. The first
of these is starting point bias. It will be recalled that the interviewer
suggests the first bid, the starting point. It is possible that this will
influence the respondent in some way, perhaps by suggesting the
range over which the ‘bidding game’ would be played by the
interviewer, perhaps by causing the respondent to agree too readily
with bids in the vicinity of the initial bid in order to keep the game as
short as possible.

CVM studies have attempted to test for this source of bias, usnally
by offering different starting bids, and sometimes by letting the
respondent make the first bid. Statistically, then, it is possible to sce
if the mean (average) bid is affected by the choice of starting bid. The
results are not conclusive, some studies finding no correlation
between starting bids and mean bids, others finding that mean bids
were very much affected by starting bids,

Vehicle bias

This arises from the choice of the ‘vehicle’, ar instrument of payment,
used in the approach. Such vehicles include changes in local taxes,
entrance fees, surcharges on bills (e.g. electricity bills), higher prices
for goods, and so on. Respondents may be ‘sensitive’ to the vehicle,
perhaps regarding $1 paid through taxes as being more costly to him
than $1 paid through an entrance fee,

The tests for vehicle bias are conceptually very simple. The average
bid should not differ significantly between type of vehicle, e.g. the
value of an improvement to the environment should be roughly the
same whether the hypothetical payment is a tax increasc or an
entrance fee to the area, etc. If mean bids do vary by type of vehicle,
vehicle bias may be said to exist. There are exceptions to this basic
rule, but tests of the rule - by seeing how mean bids do vary with
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choice of instrument - seem to sugpest some source of bias. The
research issue that arises is then how to choose a ‘neutral® ve hicle,

Information bias

This may arise from various aspects of the C¥M. Starting point bias,
for example, could be regarded as a form of information bias since it
i5 the interviewer who ‘informs’ the respondent of the first bid. The
sequence in which information is supplied may also influence
respondents, e.g. indicating the ‘importance’ of a feature before
explaining the nature of the choice. The general amount and quality
of information is also of significance, particularly if the total cost of
the environmental improvement is included in the information. The
tests for such bias are difficult and usually involve either withholding
information from one group and supplying it to another, or
measuring the degree of information thought to be held by
respondents. Various studies sugpest no effect, while others derive
measured differences in WTP according to information differences.

Hypothetical bigs

The basic idea of CVM is to elicit hypothetical bids that conform to
actual bids if only actual markets exist. The basic difference between
actual and hypothetical markets is that in actual markets purchasers
will suffer a cost if they pet it wrong - regret at having paid too much,
for example. One obvious test is to earry out the CVM using
hypothetical and actual payments. What work there has been

suggests that hypothetical bias is still a problem in the CVM
approach. :

Operational bias

This may be described in terms of the extent to which the actual
‘operating conditions’ in the CVM approximate actual market
conditions. This has led researchers to suggest various ‘reference
operating conditions’{ ROCs) which should be met, The lists vary but
all would include the requirement that respondents be familiar with
the good they are being asked to value, and that they have either
prior experience of varying the quantities of the good, or can *learn’
how to do this through repeated bids, One might add to the list the
requirement for the general absence of uncertainty, but it is worth
noting that this automatically raises problems for the use of CVM in
eliciting option values which arise precisely because of uncertainty.
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Table 10.3 Comparisons of CVM with other technigues.

CVM results Indirect market study
Study Commodity Value* Method Walue*
Knetsch and Recreation $1.71 per TCM §1.66 per
Davis (1966) days household | day household day
Bishop and  Hunting $21 per cm
Heberlein permits permit value of time = § 51100
(1979 value of time =
¥ median inc,  $23.00
value of time =
¥ median inc,  $45.00
Desvousges  Water quality  User values:” TCM Lser
e al. IMprovements;  AVErage [Bcross values
(1983} question format)
(a) loss of use 521.41 $82.65
{b} boatable to
fishahle $12.26 5 1.0l
{c} boatable (o
swimmahle  §29.64 §14.71
Seller ef @, Boat permit to:  Close-ended TCM Consumer
{1984) CONSUMEr surplus
surplus:
Lake Conroe 33038 $32.06
Lake Livingston $35.21 $102.09
Lake Houston  $13.01 $13.81
Thayer Recreation Population Site Population
(1951} site value per substitution value per
household household
per day: $2.54 per day: $2.04
Brookshire  Asr-guality Manthly HPM {property Maonthly
et al, improvements;  value® values) value:
(1982) (4] poor to fair  $14.54 $45.92
(b} fair to good  $20.31 F59.09
Cummings  Municipal Elasticity HPM Elasticity
et al, infrastruciure  of substitution  (wages) of substitution
{1963) n: of wages for of wages lor
infrastructure infrastructure;
(&) Grants, MM -0.037 29 municipalities:
(b) Farmingtan,
MM ~0.040 -0.035
[€) Sheridan,
WY ~.042
Brookshire  Matural hazards 347 per month  HPM %37 per month
el al. {earthquakes) (property values)
[ 19=d) information

Source: Cummings, ﬁ-rmkshirc and Schulze (1986), p. 125,
* Mean values amongst respondents,

" Values apply to post-iteration bids for users of the recreation sites,
* Value for sample population.
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It was noted above that the concept of ‘accuracy’ is a little elusive
when considering benefit measurement techniques. But some
reassurance is likely to derive from any discovery that differing
techniques secure similar valuations, Table 10.3 summarises several
studies that have attempted comparizons of CVM and other
valuation approaches. The studies compared CVM with one or other
of the travel cost methods (TCM) (see below), hedonic property price
approach (HPM = house price method), and site substitution
approach (not discussed here). The ranges of values all overlap if
accuracy is expressed as 60 per cent of the estimates shown, and
overlap in thirteen of the fifteen comparisons if the range is + 50 per
cent. These are familiar ranges of error in estimates of demand
functions in economics, This does not mean that the CVM is ‘correct’
since, as noted above, we have in turn to make some judgement as to
how correct the comparator techniques are. But it does tend to be
rEAssuring.

One significant feature of the CYM literature has been its use to
elicit the different kinds of wvaluation that people place on
environmental goods. In particular, CYM has suggested that
existence values may be very important. Schulze er al. (1983), for
example, have suggested that the benefits of preserving visibility in
the Grand Canyon are of the order of $3.5 billion per year, and some
36.2 billion per year if the visibility is extended to the southwestern
parklands of the USA. Making allowance for future population
trends, annualised benefits rise to $7.4 billion. These compare with
the control costs of some 33 billion per year.

10,5 TRAVEL COST APPROACHES

Travel cost models are based on an extension of the theory of
consumer demand in which special attention is paid to the value of
time. That time is valuable is self-evident. What precisely its value is,
remains a question on which there is some disagreement, as will
become clear later. However, as a starting point let us imagine a
household consisting of a single person who works as a driver. He
can work as many or as few hours as he wishes and he earns 8§35 an
hour. He is fortunate enough not to pay taxes, and enjoys (or
dislikes) driving for work or for recreation equally much. On a
particular day he can either drive to a park that takes an hour to get
to, and spend some time there, or he can go to work. In these






