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Executive Summary

The purpose of this research is to devel op a nmethodol ogy for using direct
interview survey techniques to estimte national benefits from freshwater
water quality inprovenents. In particular, this study has devel oped a nethod
for estimating the intrinsic benefits of water quality, a class of benefits
whi ch include option, existence, and bequest benefits anmong others. The
met hod al so neasures consumer recreational benefits, but does not estimte
industrial, commercial or drinking water benefits.

To acconplish our purpose we adapted the contingent valuation or wllingness-
to-pay (WIP) survey nethod for use in a national survey. W first devel oped and
pre-tested a research instrument which neasures how nuch people are willing to

pay each year in taxes and higher prices for national water quality of three

levels which we defined as "boatable," "fishable," and "sw mmable" (Chapter 3).
This instrument was then further tested in a full scale survey where it was

admini stered by professional interviewers to 1576 people conprising a nationw de
probability sanple. For experinental purposes, four equival ent sub-sanples

were asked different versions of the instrument. W perforned extensive

analysis on the resulting data to determne the extent to which the biases

associ ated with WP surveys were present (Chapter 4). Wth one exception, the item
nonresponse rate, the results are very favorable.

Because the purpose of our enpirical work is to test, validate and further
devel op the net hodol ogy, we do not attenpt to derive national estinmates from
these data. W do, however, develop illustrative estinmates for our cases
whi ch suggest aggregate benefits within the range of current national expen-

ditures on water pollution control (Chapter 5). Qur technique for estimting



intrinsic benefits involves identifying those respondents who do not use

for "in-stream' recreation and using their WP anmpbunts as surrogate

intrinsic benefits, Qur calculations, again illustrative rather than

definitive, suggest intrinsic benefits conprise roughly 40-60 percent of

the overall WP benefits (Chapter 5).

On the basis of these enpirical tests and our concurrent work on

several inportant theoretical and conceptual issues relevant to water

benefits analysis (Chapters 1-2), we conclude that the use of a nationa

survey to neasure water benefits (including intrinsic) is a feasible under-

taking, W specify the changes in our pilot instrument and its administration

which will enable it to performthis task at acceptable levels of reliability

and validity (Chapter 6).

The following are sone of the major findings of this study in nore detail
° In the course of this project a number of theoretical and con-
ceptual problens inherent in the direct interview survey nethod
were clarified and further developed. In particular, work was done
on consuner surplus neasures (p.1-13ff), property rights (1-21ff)
and the classification of different types of benefits resulting
from water quality inprovenents (1-46ff). A number of conceptua
probl ens arose which were closely integrated with the theoretica
i ssues. These revolved around ill-defined property rights and
the unworkability of willingness to accept conpensation questions,
WA, Qur conclusion was that theoretical considerations and

survey considerations nust both be considered in the design of WP



i nstruments. Thanks to the recent work of Randall and Stoll (1980)
and Brookshire, et al. (1980), however we show that any theoretica
inpurity resulting fromthe bal ancing of these two considerations
need not bias the results as the correct theoretical neasures are
derivable fromthe appropriate survey nmeasures. Qur concl usions

on this question are summarized in Table 1.3 on p. 1-23.

The nost innovative aspect of this study is the devel opnent of a
"macro" WP approach to benefits estination. Previously, WP surveys
had been used primarily to assess wllingness to pay for locally
defined goods ("micro"). For reasons specified in the report,

water quality benefits lend thenselves to nacro WIP estination

at the national |evel, however. Qur nmacro approach represents

the first time, to our know edge, that a national sanmple was surveyed for
benefits estimation purposes on their willingness to pay for a

public good. The devel opment of this nacro approach required the
desi gn of several specialized research instrunents such as the water
quality ladder (A-1l1) and non-localized benefits questions.

One clearly advantageous aspect of the macro approach is that, if
correct sanpling procedures are used, individual willingness to

pay for water quality can be directly and reliably aggregated to

the national level, The sanpling techniques used to acconplish this
aggregation were inplemented in the survey used in this project

and are described in Chapter 4 (4-22ff) and Appendix V.



Qur pretest showed the traditional bidding gane format resulted in
respondent fatigue and a serious starting point bias problem To
overcone this problem we devel oped the anchored paynment card (3-14ff).
To test for bias induced by the paynent card, its format was systemat-
ically varied and three versions of the instrument were

adm nistered to separate sub-samples. As this experinent showed no
evidence of bias, the paynent card is a promsing technique for WP
studi es which wish to avoid the bidding game format.

Strategi c and hypothetic biases are of concern to econonists who desire

to use benefits derived fromwillingness-to-pay surveys. Qur mmjor

conclusion here is that strategic and hypothetic are not opposite sides

of the same bias as had commonly been assumed in the WIP literature, but
conprise two separate and distinct potential biases. Table 4.3 on p. 4-22
shows the relationship of the two biases and which WP question
characteristics are necessary to mnimze their effects. W further
suggest and apply to our data several tests for the presence of strategic and
hypothetic biases. These tests suggest that strategic bias is not a
problemin our study. Qur findings with respect to hypothetic are

m xed because of an item nonresponse problem  However, regression
equations estinmated in Chapter 5 strongly suggest that those respondents
who did answer the WIP itens did not do so in a random fashion; one of

the requirenents for the absence of hypothetic biases.



The item nonresponse problem consists of a high |evel of no response
to the WIP questions (38 percent) and a relatively high |evel of
zero anmounts (16 percent). This problem may be attributed to the

ci rcunstances of the interviews (it was not possible to provide

the interviewers with special training or instructions for this

test as would be the case in a full scale inplenmentation of the

nmet hod and the WIP questions were asked after respondents had
answered a half hour's worth of questions for another study) and

the question wording (a too strong incentive was offered to the
respondents to say water quality wasn't worth anything to them
(4-49ff). | mproverents in the nethod, as suggested in Chapter 6,
shoul d reduce this problemto nmanageabl e proportions. Recommendations
are made for weighting procedures (6-6) which can adjust for the
remai ning mssing data.

In order for WP benefit estimates to be credible, a theoretically
sound predictive model nust be constructed and tested, W have
hypot hesi zed the primary determinants of willingness to pay anounts
for water quality to be: incone, water use, and environnental
attitudes. To neasure these and several secondary determ nants,

we chose itens fromthe long environmental survey which preceded

the WIP survey. Econonetric estimation of this nodel (5-15ff)
strongly supports our theory, The estimates are robust and highly
significant (Table 5.5, p.5-21). A special test for heteroskedasticity
appropriate for equations with both interval and dummy data was

devel oped for this estimation and successfully inplemented (Appendix VIII).
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Pr ef ace

This study represents one product of several which Resources for the
Future has prepared under a Cooperative Agreenent with the United States
Envi ronnental Protection Agency for "Methods Devel opment for Assessing
Economic Benefits of Water Pollution Water." The particular methodol ogi cal
approach which we adopt in this report, a macro willingness to pay survey,
energed as we studied the problem It builds on a tradition of innovative
research using the willingness to pay methodol ogy which extends back to the
1960s and which has flourished during the 1970s as econom sts have grappl ed
with the challenging task of neasuring benefits. Qur use of the method
diverges fromthis young tradition in several inportant respects, however,
and in this sense is innovative and experinental. In the course of changing
our nethodol ogy we also have found it necessary to address a nunber of
generic nethodol ogical, conceptual and theoretical issues pertaining to
benefits estimation. The fruits of our thinking on these issues is also
contained in this report. In this area, too, we are building on the work
of our predecessors.

To state a truism benefits estimation is a difficult and chal |l engi ng
enterprise. Several years ago, Robert Haveman, commenting on a paper
whi ch anal yzed 60 benefit studies, declared: "To nme, the situation is
extremel y discouragi ng, because, in ny view, what has passed for benefit
estimates in these studies fornms a catal og of what not to do in cost-
benefit anal ysis" (Haveman, 1975). In our endeavor to avoid joining this

i nfanous roll of abortive or msguided benefit studies we hewed as cl ose



as possible to the six nethodol ogical criteria set forth by A Mrick

Freeman 11 in The Benefits of Environnmental |nprovenent (1979a;10-12)

and to his dicta
Part of the art of benefit analysis involves sensitivity to the
gap between the ideal and the available and know ng how much
confidence to place in the estinates being generated. (1979a;13).
To help the reader to evaluate the extent to which we have succeeded in
this task we provide as much information as possible in this report about
the possible biases in our method and how we have tried to overcone them
In the case of the najor problem which we encountered, item nonresponse,
we describe in detail the procedures which we believe can resolve the
problemin a future application of the nethod.
The structure of our report follows fromthis approach. In the first
two chapters we discuss crucial theoretical and conceptual matters. Chapter 3
describes our research instrument. The next chapter describes the potentia
bi ases which threaten the validity and reliability of our findings and
our success in dealing with the problens they present. Finally, in Chapter 5
we present our findings. Ever nmindful that benefit estimtes take on a
life of their own, however weak their nethodol ogi cal and conceptual basis
may be, we offer our findings only for what they are: experinental data
to test a method. Qur findings are suggestive, but only a full scale
application of a revised instrument can produce estimates of sufficient
reliability to use for policy purposes. The final chapter discusses the

nature of the revisions we propose.
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Chapter 1

THE W LLINGNESS TO PAY METHCD, CONSUMER SURPLUS
AND WATER QUALI TY BENEFI TS

In valuing environnental amenities, benefit-cost analysts try to

ascertain what individuals would be willing to pay and/or would have to

be paid for a particular public investment in a world where markets were
pervasi ve. In such a world the prices for narketed goods woul d convey
information sufficient to ascertain what "the gainers and | osers from sone
public investnent will consider equivalent in value to their respective

gains and | osses" (Brookshire, et al., 1979:33). Since a world like this does
not exist for public goods such as the quality of the nation's freshwater
streans, rivers and |lakes -- the subject of this report -- the shape of

t he demand curves for these goods cannot be determined directly and econom sts
have been forced to develop techniques to infer the value of these goods.
According to Freeman (197%4) there are three approaches to determ ning

the val ues individuals place on inprovenents in environnental quality when
markets fail or are nonexistent: (1) holding a referendum on proposals

for alternative provisions of environmental quality, (2) using market

data for substitutes or conplenments of the environmental quality being studied
in order to determne the demand curve for the environnental quality, and

(3) direct questioning of individuals about the value of environnmental quality
to them personally. The first method, referendunms, have not been used in
determning national policy on any environmental quality issues and few |egis-
latures run on platforns of specific provision of an environnental anenity.

The second nmethod is the determ nation of the demand curve for environ-

nental quality indirectly through its relationship with a narket good. This
techni que has been used extensively, particularly in the area of recreation.
Exanpl es of the indirect estimation technique include: (1) the

determnation of substitutability in household production functions,
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(2) the travel cost nethod which assunmes that a conplenentary position

exi sts between travel cost and enjoynent of environmental quality and

(3) hedonic pricing which assunmes that environmental quality is not a pure
public good and that a consumer can substitute (trade) market goods to obtain
nore or less of the environmental anenity. (Property values are usually
used).

Each of these three methods of using market generated data has limta-
tionsl which are unique to the method. In addition they all suffer fromthe
common inability to estimate the demand for benefits which are strongly
separable in utility functions, 2 a characteristic which severely limts
their utility for water benefit estimations. Freeman (1979k), for exanple,
suggests that environnmental anenities which are not directly associated
with private good consunptions are separable froma utility function standpoint.
Exi stence value certainly neets this criteria and thus is probably a separable
conponent of a consuner's utility function, Gicchetti and Freeman (1971)
argue that sone forns of option value are probably strongly separable. Hence

nost of the water pollution control benefits we will later define as "intrinsic

and which are a primary subject of this report are not capable of being

estimated by means of these techniques.

1
See Brookshire, et al. (1979), Freeman (1979a) and Feenberg and MIIs
(1980) For critiques.

2Strongly separable utility functions take the form
v=vivt® + vi@ + @]

where X and Y are subsets of nmarketable goods and Qis the public good.
Changes in Q have no effect on the marginal rates of substitution of any
of the marketable goods. For a discussion of separability condition in
utility functions with respect to public goods see Freeman (1979a: 70-78)
or Mahler (1974).
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The third approach,which is the one enployed in this study, uses the
t echni que of asking people in surveys what they are willing to pay or to
accept for specified levels of the public good. The use of surveys, as
Brookshire, et al. have argued at length, allows the analyst to shortcut
the problens inherent in the indirect method by "positing a world
of pervasive markets in a formtotally consistent with theoretical nodels
of valuation for public goods" (1979:28). Mst uses of the WP nethod,3

including ours, limt themselves to hypothetical markets where no noney

direct

or goods actually change hands. In a couple of intriguing instances, however,

researchers have used the nethod in the context of a sinmulated narket. (ne

case involved subjects paying the amount they bid to see a closed circuit
TV program (Bohm 1972); the other one measured hunters' willingness to
accept noney for Canadi an geese hunting permts by paying themthe amunts
they were willing to accept in exchange for a surrender of the permt
(Bishop and Heberlein, 1980). The sinulated market technique has little
applicability to nost environmental goods because it requires exclusion
fromthe benefit (not seeing the TV program surrendering the hunting

license), a situation which is inconsistent with how public goods such

as air and water are actually provided or how it is possible to provide

themin an experimental situation

3V% use WIP for convenience, as the nethod properly refers both to
people's willingness to pay (WIP) for a public good or their wllingness
to accept (WA) conpensation for the inposition of a public bad.
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This Study

The objectives of this study are to design and validate a nethod
which can: 1) measure the national benefits of freshwater water pollution
control to consuners and 2) determ ne what portion of these benefits come
fromin-streamrecreational values (e.g. boating, fishing) and what
portion fromthe intrinsic or non in-stream recreational values (existence,
option, aesthetic, etc.). Very little enpirical work has been done on the
| atter objective and no previous study has neasured the forner using the
WP method. Qur method enploys a questionnaire to ask a national sanple
what they are willing to pay for national4 water quality of specified
| evel s: boatable, fishable and sw mmabl e.

W adopt the willingness to pay method because it is the only one of
the three valuation nethods which can be used to estimate intrinsic
benefits. It has the significant added advantage that w llingness to pay
results obtained for a national probability sample of respondents nmay be
straightforwardly blown up to give national benefit estimates. Studies
using an indirect method, when based on specific sites, present a problem
inthis regard, for aggregation fromsingle, or even a few, sites to the
nation as a whole involves problens of definition and conputation. (See,
for exanple, the conpanion report by Vaughan and Russell under this
cooperative agreenent.) This method is not without its problenms too,

which we wi Il discuss at considerable |ength insubsequent chapters. For

Al the previous uses of the WP nethod to estimate the benefits of
environnental public goods were limted to local or regional studies. For
reasons we wll discuss in subsequent chapters, the characteristics of
national water quality and its benefits are such as to nake a national WP
survey a feasible and desirabl e undertaking.
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the moment we should sinply note that the methodol ogi cal requirenments
for a successful WP survey are fornmidable. Not only nust the instrunent
describe the hypothetical market in a manner which neets the requirenents
of economc theory, it should also be understandable to respondents with
| ess than a high school education. The sanpling and field work nust neet
high standards, and the sanple size should be [arge enough to pernmt reliable
estimates. The fit between the respondent's experiences and the hypothetica
situations described in the questions nust be close enough to render the
situations meaningful to the respondents.

In this chapter we discuss briefly the willingness to pay method

of benefits

in the context of economc theory and of the types/which accrue from water

pol lution control. Qur purpose is to clarify the theoretical basis for

our measurements and to review the literature on intrinsic water benefits.
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Benefit-Cost Analysis

The purpose of this study is to estimate certain benefits resulting
fromraising the anbient |level of fresh water quality in the United States.
These benefits are one side of a benefit-cost analysis and may be defined
internms of the (Hicks-Kaldor) Pareto optinality conditions (M shan, 1976a)5
which allow for the possibility that those who gain in utility by a change
in state can conpensate those who lose utility as a result of the change.
In our case,where water quality is assuned to be a normal good, benefits
are the largest anmpbunt of the nuneraire the individual is willing to
pay to obtain a given higher level of water quality, while costs are the
smal | est anmpunt that those producing the water pollution are willing to
accept for reducing their pollution enough to achieve the specified |eve
of water quality. This can be expressed in ternms of utility for consuners

and producers.

UWC,Y) = uW,v - B) for consumers
U(Wwe,Y) = uWt, Y + C) for producers6
wher e
W% = the initial provision of good W
W o= a hi gher level provision of good W
Y = income or all other goods (nuneraire)
B = the anount of Y consumers are willing to pay to obtain w"
5

Benefit-cost analysis has |ong recognized that decision nmakers should
consider criteria other than economc efficiency in inplenmenting a policy,
in particular distributional issues. These criteria are not considered

in this study. For a discussion, see Mshan, 1976a

6Since this is a study of benefits rather than cost we will not consider
production cost and producers surplus and their associated problens (See
M shan, 1976a).
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C = the snallest amount of conpensation that producers are willing
to accept to reduce their pollution enough to achieve W

These definitions can be seen to be those of the H cksian (1956) conpensating
measure of consumer surplus, a topic which we will shortly address at greater
length. Follow ng Mshan (1976a, 1976b) we assign a mnus sign to cost

and a plus sign to benefits and aggregate over consumers and producers,

The standard benefit-cost equations for a change from one state to another

can be expressed in terns of the H cksian conpensation neasure as follows:

(1) 8¢ -3¢ >0=:cu>0
(2) B¢ -1c<0=3M<0
(3 8% -3c=0=zeM=0

VWere
B® = Total benefits of the proposed change
C° = Total costs of the proposed change
CM = Hi cksian conpensation neasure

The discussion thus far has been deceptively sinmple. W now need to
address the conplications which arise fromthe special characteristics of
public goods, the nature of public policy, and the limtations of the
survey WIP nethod. These matters are a necessary background to the resol u-
tion of the debate over exactly which consunmer surplus neasure is nost

appropriate for neasuring the benefits of environnental anenities.



Public Goods and Public Policy

Public goods such as national levels of water quality are those which
once produced can be supplied to everyone at zero marginal cost and whose
enj oyment by one person does not intfrfere with the enjoynent of another.

easi
Furthernore, individuals cannot/be exgluded from enjoying the benefits of
the public good, once it is produced. These goods are normally produced
as a result of government action, either by governnent requiring firms or
i ndividuals to produce the goods or by government directly subsidizing this
production fromtax revenues. Once produced, public goods are usually
provided free. In the case of water quality Congress declared its intent
in the Federal Water Polltuion Control Act (1972) that all freshwater bodies
reach fishable and swi mmble quality by 1983. Private firnms now have to
clean their water discharges to nmeet government regul ations, and the
federal government subsidizes the major portion of a waste water treatnent
pl ant construction program for |ocal governnents.

For goods which are provided through markets, individuals are always
free to optimize by trading along their budget lines in order to reach
the highest indifference curve possible. In this situation, neasuring the
consuner surplus is a straightforward problem This is not the case for
national water quality, however. First, since "clean water" is a public
good, it is provided free to citizen consumers who wish to boat, fish
wat er ski or sinply contenplate it. As such it is available at any given
tine only at the quality level provided by government policy irrespective
of whether sone consumers are willing to pay nore for higher water quality.

In the case of national freshwater this quality level consists of two
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factors: a) the anbient quality level (boatable, fishable, sw muable,

etc.) and b) the anount of the overall stock of freshwater which is nmandated
to reach a specified quality level, Thus if the governnent had set a
boatabl e water quality standard for all freshwater, those who w shed to have
a higher standard for the nation's water (e.g. fishable) would have no way
to obtain it short of changing governnent policy.7 Even if this were not
the case, it would still make no sense to use survey techniques to ask
consuners how nuch they were willinging to pay for the quantity and quality

of national freshwater they regard as personally optimal. Let us

say person A mght be willing to pay $339 a year for

national water of fishable quality and person B $400 for boatable quality

water. Once having obtained data in this form however, it is inpossible

to aggregate the WIP anmounts to get a national benefit estimate for any
water quality

but the highest/level for which WIP anpunts are available. That is, we

can reasonably count B's amobunt for boatable water as the amount which

he would also be willing to pay for the higher, fishable, |evel which A

7
This is an oversinplification, of course. Many public goods, fresh

wat er included, are also available privately at a cost. Naturally, nationa
water quality of a certain level can only be provided by the governnent.
But a consuner faced with the absence of public |akes and streans of fishable
water quality in his or her locality may be able to obtain access to private
water of that quality for a fee of some kind. The existence of numerous
private swi nmng pools, clubs and beaches attests to the w despread use
of privately supplied water for swming, The availability and desirability
of these optional sources of water presumably influence the value people
place on the public supply of freshwater.
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regards as optimal, giving a total WP anount of $739 for fishable water.
W cannot, however, reverse the process and deternine what A woul d be
willing to pay for any level of water quality below his optimum He might
be willing to pay nmost of his $339 for water of boatable quality or he
mght not be willing to pay anything for water of such inferior quality,
The irrevelance of the consumer's willingness to pay for his or her
optimal personal provision of the public good greatly linits the range
of consuner surplus neasures which are appropriate for the study of nationa
water benefits. David Bradford (1970), in an expansion of Samuel son's
(1954) early denonstration that the demand for a public good is the
vertical sunmation of individual demand curves, takes these factors into
account in developing his theoretical framework for the valuation of
public goods in benefit-cost analysis. This franework and its subsequent
expansion by Randall, Ives and Eastnman (1974) has been the theoretica
basis for most of the WIP surveys. Bradford nakes the assunption that
i ndi vidual s choose between various bundl es of goods which may differ in
quantity and quality and proposes the concept of an aggregate bid/ benefit
curve (nore recently referred to as the total value curve) which he defines
as the vertical summation of the individual bid curves. Because of this
assunption, Bradford was able to denonstrate that over any relevant range,
the aggregate bid curve and its corresponding narginal bid curve (demand
curve) need not be continuous or downward sloping. |If the aggregate cost

is known and the marginal cost curve is derivable, the Bradford franework
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resenbles the traditional profit maximzation framework with the optimal
production occurring where the marginal aggregate bid curve and the margina
aggregate cost curve intersect (See Figure 1.1). Wat is being optinized here
is total welfare or utility rather than profits. This intersection can be
shown to be the point where the rate of comodity substitution equals the rate
of technical substitution which is the traditional welfare econonics position
necessary for Pareto optimality (Bradford, 1970; Henderson & Quant, 1971).
Consuner surplus is usually used as the neasure of the aggregate benefit curve.
This caveat should be added. |If a unidinmensional scale (underlying
metric) is unknown or does not exist, it will be inpossible to estimte
the demand or supply curves for the public good. This neans that only
specific levels of production can be conpared with the initial |evel or
with other specified levels. This is, however,nat as serious a problem as
it mght appear since policymakers al most al ways choose between a linited
nunber of alternative policies, the benefits of which can be neasured

in the framework we present.



Figure 1.1
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Consuner Surpl us

The concept of consuner surplus has been the subject of considerable debate
anong econom ¢ theorists (Curie, et al., 1971) and anmong those who use the concept i
benefit-cost analysis it has been the subject of some confusion until
recently. Consumer surplus was at the center of the welfare econoncs
of Marshall and Pigou. After a period of neglect, it becane a point of contention
between two emi nent theoretical economsts; Paul Sanuel son and John Hicks.

Sanuel son (1947) argued that consumer surplus was a subject of "historica
and doctrinal interest, with a limted anount of appeal as a mathematica
puzzle," a view echoed nore recently by Silverberg (1978) who charged

that "attenpts to use consuner surplus to measure welfare [osses are largely
the application of the inappropriate to measure the undefinable.” Hcks, on
the other hand, argued strongly that consunmer surplus is useful to welfare
econom cs and his view has come to prevail anmongst those who conduct
benefit-cost analysis.

_ (1941, 1943, 1956) o . o
Hcks /in a series of works beginning with The Revision of Consuner

Surplus (1941) and concluding with The General Theory of Demand (1956)

redefined the concept in an attenpt to overcome the objections to the
Marshal [ian version. He devel oped four definitions of consumer surplus
whi ch become eight when both price increases and decreases are taken into
account. These measures are set forth in Table 1.1. The distinction between
the surplus or variation neasures depends on whether the consuner is allowed
in response to price change
to adjust his or her purchases to optimze his or her consunption/(variation)

or whether the consumer is sinply offered fixed quantities of a particular

good (surplus), The second set of distinctions depends upon whether the



1-14

Table 1.1 TYPES OF CONSUMER SURPLUS MEASURES
FOR CONTI NGENT VALUATI ON STUDI ES

H cksi an Measures

I's Choice over quantity
and qual ity provided?

Does consuner's initia
level of utility change?

Does consumer buy or sel
t he good?

No Surplus

Yes Variation

|~ No Compensation (CS)<<

\\\~YesEquivalence (ES)<<::

///, No Compensatiocn (CV)<1

~

Yes Equivalence (EV)‘<::

’//,Pay WTP (CS)

Accept WTA (CS)

|- Pay WIP (ES)

N

Pay WTP (CV)
/,/’

Accept WTA (ES)

Accept WTA (CV)

’//,Pay VTP (EV)

Accept WTA (EV)
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consuner's reference point is his or her initial level of utility or not.
In the conmpensation type, the individual noves along the indifference curve
determ ned by his or her present utility. [In the case of the equivalence
type, the individual noves froma point on one indifference curve (his

or her initial utility) to a point on another indifference curve, Thus

t he equival ence neasure always represents either a gain or a loss in utility.

Since none of these neasures fulfills the need for a single concept
to measure welfare loss or gain fromvarious price or quantity changes,
anal ysts have to choose which of them nmeets the requirements for their
particular case. Mshan, for one, in a series of witings (1947, 1960,
1971, 1976a, 1976b) argued that the Hi cksian conpensation variation neasure
Is the appropriate measure of welfare gain or loss if a potential Pareto
i nprovement is being considered. He further argued that the variation form
rather than the surplus formis the correct measure of consumer surplus.
M shan went so far as to drop all discussion of the conpensation surplus

measure in his later works including his influential book, Cost-Benefit

Analysis (1971, 2d ed. 1976a). The choices between surplus and variation,
and conpensation and equival ence, were nmuch discussed during the 1970's as
anal ysts conducting the WIP surveys tried to determ ne which consuner

surplus neasure is nmost appropriate for the case of non-narketed environ-
nental goods, the property rights for which are ill defined and which are
provided to consuners in fixed quantities. The appropriateness of neasures

i nvol ving paying for the good (WP) versus accepting conpensation for it (WA)

was al so discussed and tested enpirically during this period. Ve conclude



fromour review of these discussions and experinents that the most appropriate
measure of consuner surplus for WP surveys is the conpensation-surplus WP
measure and that when nethodol ogi cal considerations preclude the use of

questions in this form the equival ence surplus WP nmeasure should be used,

Surplus vs. Variation

Let us address the surplus vs. variation choice first. M shan relegated
inmplicitly
the surplus formto the dust heap, a position taken/by others, nost recently

Dani el Feenberg and Edwin S. MIls in their book Measuring the Benefits of

Water Pollution Abatenent (1980). As we have shown above, however, our case

of well defined levels of water quality fits the nodel of |unpy goods which
Randal | and Stoll (1980) have shown require the use of H cksian surplus
measures. Since our case is typical of many environmental amenities,the
surplus neasures are appropriate for nost WP surveys because only they neasure
people's willingness to pay for fixed quantity/quality bundles of public

8
goods.

The Surplus Measures: Definitions

This leaves four neasures of consumer surplus as the object of our
concern. Before proceeding further let us define these in words and identify

t hem graphically as fol | ows:

8 Freeman (1979b), after correctly distinguishing the variation and
surplus measures according to Hicks' definitions, inexplicably ignores
this distinction when he argues that if people are only offered fixed
quantities of goods the conpensating variation measure is equivalent to
the conpensating surplus neasure and hence one only needs concern hinself
with the variation neasures.
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e WP (CS) --The maxi mum anount a consuner is willing to pay to
obtain a prespecified level of W(e.g. water quality) and have
his or her utility remain the sane as it was initially,

e WA (CS) -- The mininmum anount a consuner is willing to accept
for having Wdecline to a prespecified l|evel wthout changing
his or her utility.

e WP (ES) -- The maxi mum anpbunt a consurmer is willing to apy to
avoid having Wlowered to a prespecified level; either the change
in water quality or the paynment will lower the consuner's utility.

e WA (ES) -- The mininum amount a consuner is willing to accept
to forego a promised increase to a prespecified higher |eve
of w Either the paynent or a higher level of Ww Il increase
the consuner's utility level.

On Figure 1.2, if the initial position is A and the prespecified

i nprovement is Q to @, then WIPS is the ampunt of Y represented by

the line segnent AE wTP®® js the amount Y represents by the line segment
AE. The reduction in utility is acconplished by moving the consuner from
D(Q on Il) to A(Q on I). The consunmer is then indifferent between

tradi ng AE anount of Y to get back to Q', the original endowrent of W

wTAa®® is the ampunt of Y represented by the line segment CA.  The consuner
inthis case is noving along indifference curve Il going fromQ to Q in
exchange for AC of Y. wra®® represents an increase in utility, To make
this exanple parallel with the the WFPes measure, the consuner will nove
fromA(Q onl) to D(Q on Il) and is asked how nuch Y would it take to nove

back to his or her original endowrent of Q but remain on indifference curve 1|1

That quantity shown on the graph is Ca.
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From Figure 1.2 it is readily apparent that the two wllingness to
pay nmeasures are equal and that the two willingness to accept measures are
equal. Further, it is apparent that the WA neasures are not incone bounded.
Wthout proof (which may be found in WIlig, 1976; Randall and Stoll, 1980;

and Brookshire, Randall, and Stoll, 1980) we cite the follow ng useful
general i zations about the relationship between the neasures: (1) WP <

Marshal lian Consumer Surplus (M < WA, (2) for the case of zero income
elasticity of income for the public good, all of the Hicksian neasures

are equal and are also equal to the Marshallian (M consunmer surplus, and

(3) when incone elasticity (price flexibility of income for the good)\9 is snall
(generally less than 1) and/or WIP (WA) is small relative to income (generally
5% or |ess) the bounds between WIP and WIA have been rigorously defined and

are usually less than estimation error. Fromthese findings we may concl ude
that the two WIP or the two WA measures may be freely substituted for each
other and that these measures will be close to the Marshallian consuner surplus
observed from narket data and that the WA nmeasures could be derived fromthe
WP neasure or vice versa. Enpirically the bounds between the WIA and WIP

testabl e
measures woul d be / if it were not for respondents' aversion to the WA

measures whi ch we discuss shortly.

9
Price flexibility of incone for a good is anal ogous for the incone
elasticity for a good except that only specified quantities of the good
are supplied (Randall and Stoll, 1980).



Table 1.2

I nplied Property
Rights

Yes
(consumer hol ds)

NO
(consumer does
not hol d)
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TYPES OF PROPERTY RI GHTS
FROM THE CONSUMER S PERSPECTI VE

Legal Property R ghts

Yes No
(Vested by Law) (Not Vested by Law)
Legal property "Squatters Rights”"
Soatchle
Hypot het i cal Non property
Fighable
Swimmable
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Criteria for Choosing Between the Hi cksian Surplus Measures

Now that we have defined the four types of Hi cksian surplus neasures
|l et us consider them fromthe standpoint of measuring consunmer surplus in
WP/ A surveys.10 They are formed by conbinations of two set of distinctions
equi val ence vs. conpensation and willingness to pay vs. wllingness to
accept. To determne which conbination is the correct nmeasure for an
envi ronmental good being valued in a WIP/A survey we need to conpare the
property rights posited in the questionnaire with the actual distribution
of property rights for that good. Before making our argument we need to
distinguish two types of property rights. The usual sense of property right
is aright vested by law. In much of what follows we speak of property
rights in different sense, as the actual endownent of goods held by a
person, to which he or she can add or subtract (Silverberg, 1978). Freenman
calls this "inplied property rights" (1979b). Table 1.2 shows the relationship
between these two types of property rights, nanes the categories, and
| ocates the boatable, fishable, swinmmable |evels of water quality.

Speaki ng now of property rights (inplied), the initial endowrent
or inplied property right defines the initial indifference curve that
the consumer is on. Additions or subtractions of goods to the consumer's
initial bundle of good which are counterbal anced (thereby preserving the
sane utility level) are Hicksian conmpensation neasures. Changes in the
initial endowrent or inplied property right which are not exactly counter
bal anced (thereby shifting the consuner to another indifference curve)

are equival ence neasures. Fromthe standpoint of the individual

10At this point we will tenporarily refer to these surveys as WP/ A
in order to avoid termnological confusion.
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consuner, if producers have the right to pollute waterways then consumers
must bribe theminto not polluting if the consuners desire better water
quality. This calls for a WIP neasure. In the opposite case, where
consumers own the right, producers nmust bribe the consumers if they wish

to pollute and a WA neasure should be used. Conpensating surplus neasures
are appropriate when the contingent situation described to respondents

in a WIP/ A study uses the sane distribution of property rights as actually
exists at the tine of the study. In this case there is no redistribution
implied in the instrunent and the potential Pareto-inprovement becomes the
proper criterion. \Were the instrunent posits a property right which
differs fromthe existing situation, redistribution is inplied and the
equi val ence surplus neasure is called for (Mshan, 1976a, Table 1.3
cross-tabul ates the existing and the contingent property rights to show

whi ch measures of consuner surplus are theoretically correct for the four
conbinations. While these distinctions are clear theoretically, in practice
they are difficult to apply to WIP/A instruments. W will illustrate this

difficulty by discussing our choice of consuner surplus neasures and why we

believe WIP/ A surveys are restricted to the equival ence and conpensating
WP neasures.

W sought to measure the respondent's consuner surplus for three
l evel s of national water quality: boatable, fishable and swimable. To
identify the theoretically appropriate consumer surplus measure we had to
deci de what property right (inplied) consuners presently have for these

environmental anenities. The Federal Water Pollution Control Act (as amended)
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Table 1.3 ROLE OF PROPERTY RIGHTS I N DETERM NI NG THE
RELATI ONSH P OF THE WIP, WIA, COWPENSATI NG AND
EQUI VALENCE DI MENSI ONS OF CONSUMER SURPLUS MEASURES
FOR WIP/ A SURVEYS VALU NG ENVI RONMENTAL PUBLI C GOCDS
The Zxisting Property Right (Irpliel)
Cont i ngent
Property R ght Consuners Consuners
Specified in the Own Do not own
Questionnaire
(1'npli ed)
Consumers own Conpensat i ng Equi val ence
WIA WIA
Consuners do Equi val ence Conpensat i ng
not own WP WP
IFF .82 RFF Js. 83, 34
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endows the public (individual consuners) with a legal entitlement to
fishabl e/ swi mmabl e water nationw de, the goal specified in the Act to be

achieved by 1983. Its Congressional architects declared: "This legislation
woul d clearly establish that no one has the right to pollute -- that

pol lution continues because of technological linmts, not because of any

inherent right to use the nation's waterways for the purposes of disposing

of wastes" (Rosenbaum 1977:159). Feenberg and Hlls (1980), however,

contend that in practice property rights to water quality are ill defined

and in a state of flux. W agree and think this is particularly the case
fromthe consunmer's point of view Many consuners are personal ly unaware

of the national goal. Wat they hear about is national freshwater |akes and stream
virtually all of which are at the boatable | evel at the present time, although what
they experience locally may be of higher quality. In this context and with

regard to the overall national |evel of water quality which is the public

good we are valuing, we believe the inplied property right is such that
it is appropriate to treat freshwater of boatable quality as if the rights
to it are actually owned by consunmers and to regard rights to water of
hi gher quality as not (yet) owned by them

Wien it comes to deciding how to specify the property right (inplied)
in our questionnaire theoretical purity gave way, as we believe it must,
to nethodol ogical realism In theory the distribution of property rights
(implied) for water quality, as specified above, should be replicated in

the questionnaire. If we did this the consumer surplus associated with
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boat abl e water over some base (very low quality) level would have to be
measured by a conpensating WIA questi on and swi nmabl e and fishabl e water
by a conpensating WP question. While we followed this theoretically
desirable practice for the swimmble and fishable levels (. 83, 84),
for methodol ogi cal reasons we nmeasured the boatable level (Q 82) with an
equi val ence WP neasure instead of a conpensating WA item

We nade this substitution because the hypothetical market presented
in WP/ A instruments nmust accord sufficiently with the respondents frane
of reference, otherw se respondents will give neaningless answers. Cearly,
aski ng our respondents how nmuch they are willing to pay for higher (fishable
and swi nmabl e) levels of water quality than they presently enjoy (NT2%)
meets the frane of reference test especially as conpared with the alternative
of asking themto accept conpensation for reductions in |evels which they
have not yet received (WTACS). The use of wT2°° is not appropriate for
boat abl e water, however, since the respondents already enjoy national water
of that quality. It would be inconsistent to have them pretend that nationa
water quality is non-boatable and to ask them how much they are willing to
pay to raise it to the boatable level. The theoretically appropriate
nmeasur e, WTACS; also fails the frame of reference test. Analysts who
have attenpted to ask WIA questions report that an unacceptably |arge
number of respondents respond to WA questions by either refusing to
answer the questions or by saying there is no price they would accept for
the loss of environmental quality being valued. In one study of the value

people place on visibility in the Pour Corners region 52 and 51 percent of
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two sanples recorded infinity bids for the WA questions (Eastman, et al., 1974:581)

In another study of the value of hunting to hunters, 54 percent refused to
accept any finite anount of conpensation (Brookshire, et al., 1980:487). The
WA format places respondents in a situation which is both un-

fam liar and which is perceived by many as unfair. People are not accustoned
to being offered conpensation for environmental goods and apparently sone
feel offended by the notion. These considerations |ead researchers who

have experimented with the WA format to conclude: "W cannot recomend
conpensation (WIA) games" (Eastman, et al., 1974:583) and "iterative

bidding formats for the direct observation of WTACSdo not appear to collect
reliable value data" (Brookshire, et al., 1980:488).

Fortunately the enpirical consequences of yielding to nethodol ogical
considerations in the choice of tepealt:pn?fggé) surplus nmeasure are nminor. Randall
and Stoll (1980) and Brookshire ,/ have cal cul ated rigorous bounds for the dif-
ference between WIP and WIA neasures. Using their equations the WA neasures

can be derived fromthe WP neasure and the differences between the two are

smal | . For exanple, using equations (11) M - WIP ~ :M  and
M -
2Y
(13) WA - WIP 23_ g_}gz of Randall and Stoll (1980), and assuming for
Y
illustrative purposes the price flexibility of inconme (2 ) = .7, household

_ — /WIA can be derived from WP, .
income (Y) = $18,000 and WIP = $250, Equation (11) is solvent for M using

a quadratic and then substituted into equation 13. The difference between

the WIP and the WIA neasures is approximately $2.50 or 1 percent of WIP.
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The Nature of Water Benefits

Water pollution has a wide range of effects on various types of con-
sumers and potential consumers. Insofar as these effects are harnful
they inpose "costs." Since the expense of reducing pollution involves
anot her type of "cost" we can avoid unnecessary semantic confusion by
calling the |osses inposed by a reduction of environnental quality "damages,"
and the gains associated with reduced pollution "benefits" (Freeman, 1979b).

The basis for determining what is to be regarded as a damage or a benefit
is individuals' preferences about the ideal state of the world. W tend
to assune a societal consensus about which effects of a given change in
pol lution should be defined as benefits and which as damages, but such a
consensus is not inevitable. If, for exanple, a significant segment of the
popul ati on harbored an aesthetic preference for msty |andscapes they
mght regard a reduction in air visibility from 100 nmles to 40 mles
caused by the operation of large scale coal-fired power plants in the
Sout hwest as a benefit rather than as a danmage. Fortunately, a strong
consensus does seemto exist as to which environnental changes should be
consi dered benefits and which as danages; otherwi se benefit estimation
woul d be even nmore conplex than is currently the case. The consensus
does not extend to the amount of the benefit created by a change in an
envi ronnental good. Since this varies across individuals, "W define the
benefit of an environnental inprovement as the sum of the nonetary val ues
assigned to these effects by all the individuals directly or indirectly

affected by that action" (Freeman, 1979h:3).
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As the benefits associated with changes in an environnmental nedia
such as water are diverse, any attenpt to estimate benefits nust specify
whi ch benefits are to be neasured and which are not. Oherw se certain
benefits may be inadvertently left out or others may be overestimated due to
double counting. There are several lists of the benefits of inproved water quality
in the literature (Feenberg and MIIls, 1980; Freeman, 1979a), none of which is ful

satisfactory. Table 1.4 offers our categorization of water benefits. |t builds

on previous distinctions for the nmobst part, but adds a category of non-direct
use benefits which we call "indirect" benefits and assenbles all the non-
direct use benefits in a single "intrinsic" category.

Direct use refers to activities which currently use water either by with-

drawal or by instream use (Feenberg and MIls, 1980:8). |Inproved water quality

in freshwater rivers, streans and |akes can result in a variety of _withdrawal
benefits. 11Industries which require water of a certain quality for their
processes mght have |lower water purifying costs and | ess danage to equi pnent
which uses water. Likewise the costs of purifying water for use in washing
agricultural produce mght be lowered. Drinking water benefits woul d occur
if the inproved quality of raw water supply sources |owers the costs of
purification and/or reduces the health danage by previously unrenpved

pol | utants. (A conpanion report to EPA under our cooperative agreenent by
Mark Sharefkin addresses the question of drinking water benefits.)

I nstream use benefits occur in tw ways: via increased output or

| ower costs in comrercial fisheries and via the array of activities --

11 . .
These are conparable to what Freeman (1979a) calls "diversion uses."
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NATI ONAL BENEFI TS OF CLEAN WATER

Table 1.4
_ [ ndustry
Wthdrawal --- Agricul ture
| Drinking water
Direct Use ---- _
Commerci al Fisheries
I nstream ----
[ Boating
Recreation — Fi shing
o | Swi i ng
Consunptive recreation (i.e.
- duck hunting)
Habi tat based ---
Nonconsunptive recreation (wld-
- | life watching and photography)
Indirect ----

Water enhanced recreation (i.e.
pi cnicing, canping, sightseeing,
ot her)

_Aesthetic -------
Qther activitiy (i.e. comuting
Intrinsic ----- | to work)
- Short term
Personal =~~~ 7°
. Long term
Option  ------
I ntergenerational (bequest)
__Exi stence
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fishing, swimming, boating and the like -- by which people use water to
recreate, These activities are very popular =-- two-thirds of our respondents
said they participated in at least one of these activities during the past

two years --— and attempts to estimate national direct use recreational

benefits assign them a considerable portion of the total benefits of

water pollution control., Freeman (1979a), gives a set of best point estimates
where recreation accounts for 55% of the total. Most studies of water
recreation benefits either use the travel cost or the "participation model"
approach, although Gramlich (197 7) used the WIP method to estimate the
benefits of achieving swimmable quality water in the Charles River Basin

of Massachusetts,

Wat er quality benefits extend bevond its direct use t0 include various
indirect and potential uses. We call this category of values intrinsic
since they stem from the inherent characteristics of freshwater bodies.
Although important, these benefits are less tangible than the direct use
benefits and are consequentially less studied. Freeman's forty page review
of recent water benefit estimates devotes a mere two pages to the handful
of studies on this topic and concludes: '"This is a very
tenuous empiriéal basis from which to estimate national non-~user benefits"

(1979a:162). Prior to the present research no study attenpted rco measure
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the overall intrinsic benefit for water quality and the existence, inter-
generational and option values of water quality were neasured by only a
single regional study using the WIP nethod. (This study is described in
Wl sh, et al., 1978 and Geenley, et al., 1980).

W divide intrinsic benefits into three major sub-categories: indirect

option and existence. Indirect benefits occur when water supports or

enhances out-of-stream (non water contact) activities. Duck hunters and
bird watchers who enjoy observing acquatic species benefit fromthe avail a-
bility of marshes and | akes which provide the necessary _habitat for these

12 . . . . .
bi rds. Fresh water is an _aesthetically pleasing setting for such diverse

recreational experiences as picnicking by a stream hiking in wilderness
areas, strolling through a New England village |ocated on a river, or
visiting the ganbling casinos at Lake Tahoe. Aesthetic benefits also
accrue to people for whomrivers, |akes or streans serve as a backdrop to
their normal activities. Although some would |ist property values here as
a distinct indirect benefit category, we believe property values should

be regarded as a surrogate nmeasure of aesthetic and recreational benefits.

Adding themto the list would result in double counting (Freeman, 1979b).

12
In a recent paper, Hay and MConnell (1979) review the sparse

literature on the value of non-consunptive wildlife recreation and attenpt
to estinate the reduced form participation nodel demand for such activities.
For comments on statistical procedures see Vaughan and Russel|l (1981)

and Hayward and M:Connel |l (1981).
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Wei sbrod (1964) first identified option values as an additiona
form of benefit that nust be added to the consumer surplus neasure. The

essential nature of option value is contained in Geenley, et al.'s

definition (1980) of option value as a willingness to pay for the "opportunity
to choose from anmong conpeting alternative uses of a natural environnment

in the future.” W distinguish between option value based on whet her

the individual values the future opportunity to choose for his or her

personal use (personal option value) or the use of future generations

(i ntergenerational option val ue).

Let us consider personal option benefits first. These benefits
refer to the value people place on a particular environmental anenity
on the chance that they personally may wi sh to use that anenity at sone
time in the future. Among the three conditions which Wisbrod asserted
must be met for determining the presence of option value is that a decision
about supplying the anenity in the future is about to be made and shoul d
that decision be negative it would be very difficult or inpossible to
reestablish it (Cicchetti and Freeman, 1971:528). There are two
situations where this condition holds and we distinguish between what
we call short termand long termindividual option value on the basis
of these conditions. The first is where present use or failure to protect
an anenity wll damge it irreversibly}zalf the damage can be reversed
in the future (at some expense of course) and the individual does not
expect to exercise the option in the "near" future, the individual need

not nmake a present choice between the danagi ng use and non-use to preserve

12aCur use of irreversibility extends to situations where the damage
could be undone at a future date but at a nuch greater expense.
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his or her use option. We define long term option value, therefore, as the

val ue people place on a good which is regarded as facing possible irreversible
danmage

What about the situation where an individual is uncertain about whether
or not he or she may wish to use an anenity in the relatively near future?
Under certain conditions such an anenity will have option value for a
person even when it is not threatened with irreversible damage. W cal

this short term option value which we define as the price people will

pay to have the option to use a good inmmediately or, in the case where
a period of repair (e.g. pollution control) is required to make the
good usable, to use the good as soon as possible. Unless the person

wi shes to use this (non-irreversibly threatened) good as soon as possible,

however, it should have no option for himor her. For exanple, Lake W

is not now swi mmabl e because of seepage from septic tanks but if a sewage
treatnment plant were constructed it could be nade swimmble in five years,
It is not threatened with irreversible pollution. If person X wishes

to have the option to swmin the |ake as soon as possible (e.g. five
years from now), he or she has a short termoption value for that anenity.
If the person has a longer option time frame, however, it would make no
sense for the person to express a WIP option val ue today since the
potential to clean the lake up after a five year effort will continue

to exist. Put another way, since the damage can be reversed in the future
the individual need not make a present choice between the damagi ng use

(continued use of septic tanks) and a cleanup programto preserve his or
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her option to swimin the |ake. I nstead, he or she should use his or her
nmoney for other purposes. Table 1.5 summarizes the conditions under which
people will hold long and/or short term option values for environmental goods.

I ntergenerational or bequest option benefits conprise the wllingness

of menbers of the present generation to pay to endow succeedi ng generations

with some natural environment. Some individuals may place a value on
preserving such amenities as streams from being essentially destroyed by
strip mining operations sinply because they would feel better know ng that
these streans would still be available for their children or future genera-
tions to use if they want to. A parallel argument is nmade by sone that

ecosystens and species should be preserved even when they have no present

use" because the reduction of genetic diversity in this manner reduces the
possibilities available to future generations to use such species in the

ways we are presently unable to inmagine. This perspective has becone |aw

in the Endangered Species Act and was instrumental in delaying the con-
struction of the Tellico Damin Tennessee when it was found that the dam

t hreatened an endangered species of mnnow, the snail darter.
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CONDI TI ONS UNDER WHI CH PECPLE MAY HOLD LONG AND SHORT
Table 1.5 PERSONAL CPTI ON VALUES FOR ENVI RONVENTAL GOODS

Irreversible Threat?

Desire to have option to use Yes No
good as soon as possible?
Long and
Yes short term Short term
No Long term No option

val ue
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As with the long term personal option value, these benefits rest on the
assunption that the action taken by the present generation poses an irreversible
threat to the environnmental good in question. It is worth noting here that

the benefit-cost analysis procedures in current use effectively value benefits
or costs a generation or nore in the future at zero by inposing real discount

rates of about 5 percent (Ben-David, et al., 1979:33).

The only enpirical study of the option values of water quality is
by a team of economi sts from Col orado State University who designed a WP
instrument on the basis of Henry's (1974) option value nmode. Henry's node
posits the "preservation of an irreplaceable environnental asset facing
an inmnent irreversible commtment, until such time that sufficient infor-
mati on beconmes available affecting the future option decision of selecting
from anong alternative uses" (Geenley, et al., 1980:3). The researchers
interviewed a sanple of two hundred and two residents of Denver and Port
Collins. In order to neasure the recreation, option, existence and
preservation benefits of different levels of water quality in the South
Platte River Basin (Northeast Colorado) the respondents were asked a
form dable array of willingness to pay questions (twelve in all) using
the bidding gane format. The  personal (short term option val ue
question posed two alternatives for the Basin. Alternative | featured a
| arge expansion in mning devel opnent which would severely pollute, in
an irreversible fashion, "nmany" |akes and streans. Under Alternative II,

any decision to expand mining would be postponed
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until information became available, sufficient for the respondent to make

a decision "with near certainty as to whether it is nore beneficial to you

to preserve the waterways at |evel A (the highest level) for your recreationa
use or to permt mning devel opment” (Geenley, et al., 1980:13). Using an
additional fraction of a percent to the region's sales tax as the paynent
vehicle,13 an annual mean bid per household of $22.60 to postpone devel oprent
was reported for the 177 respondents who answered the question. The study

al so nmeasured intergenerational option benefits by asking the follow ng

questi on:

Q28 If it were certain you would not use the South Platte River
Basin for water-based recreation [which they defined as
including both direct and indirect recreational use], would

you be willing to add __ cents on the dollar to present sales
taxes every year to ensure that future generations will be
able to enjoy clean water at level A? (Wlsh, et al., 1978:82).

A bequest value of $16.97 a year per household is reported for a subsanple

. 14
of 24 non-recreationists.

13
They repeated each bidding game using a second bidding vehicle, an

additional charge to the respondent's water bill.

14 The researchers eschew using the intergenerational option benefit
amount for the recreators in their sanple because they doubt the recreator's
ability to leave out their personal recreational considerations when answering
this question. Based on our review of the instrument this is the correct
decision, but it reduces the sanple size so nmuch that the bequest estinate
can only be regarded as suggestive (Geenley, et al., 1980:15, 33).
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The final type of intrinsic benefit is existence benefits. In 1967
Krutilla wyly comrented regarding wlderness that: "There are nany persons
who obtain satisfaction from mere know edge that part of wilderness North
Arerica remains even though they would be appalled by the prospect of being
exposed to it" (1967; see also Krutilla and Fisher, 1975). Exi stence val ue
is the willingness to pay for the know edge that a natural environnent is
preserved (Greenley, et al., 1980:1) quite apart from any use or expectation
of use by the respondent or by future generations. The lone attenpt to
neasure the existence benefits of water quality is the above mentioned Col orado

State study which uses the followi ng question:

Q27 If it were certain you would not use the South Platte R ver
Basin for water-based recreation would you be willing to
add __ cents on the dollar to present sales taxes every

year, just to know clean water exists at level A as a natural
habitat for plants, fish, wildlife, etc?
They report a nean figure of $24.98 for the 24 non-recreationalists who
answered this question.

Since the Colorado State study represents the state of the art in
estimating option and existence benefits, a closer exam nation of its methodol ogy
is relevant to our purposes. Three questions will be addressed. Is it
met hodol ogi cal |y sound? How adequate are their neasurenents and estinmation
procedures for option and existence values? How nuch credence should be placed on
their annual benefit estimate for the South Platte River Basin of $61
mllion of which $26.4 million or 43 percent is attributed to recreation

benefits (both direct and, using our termnology, aesthetic) |eaving 57

percent attributed to option, existence and bequest benefits?



The study is a useful nethodol ogi cal experinent from which we can
learn a great deal thanks to the admirably conplete report they wote for
their sponsor (Walsh, et al., 1978) and which is available through NTIS
Unfortunately, the study's flaws are such that the researchers' decision
to extrapolate their findings without qualifications or reservations in
the form of aggregate point estinates in the report and in a brief
journal article (Geenley, et al., 1980) is unwarranted and potentially
m sl eadi ng.
Since we are primarily concerned with the study's approach to neasuring
intrinsic benefits, we will only briefly mention the nore serious of its
ot her nethodol ogi cal problenms. These are:
e A lowresponse rate -- only 37 percent of the sanpled househol ds
whi ch received the letter announcing the intention of the researchers
to interview a household nenmber participated. According to sanpling
theory this low a rate neans that the findings cannot be generalized
to the total population of those areas which constitute the
study's sanpling frane.
e Starting point bias. The large difference in results between

their two bidding vehicles -- sales tax increase and increase in sewer
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bills -- may be attributed to the aggregate yearly payment
inplied by the starting point for each vehicle. ° Furt her nor e,
the nean bids for option, bequest, and existence values are
very close to the starting point for each vehicle.l6 Since their
questionnaire involved so many bidding ganes, a conbination of
respondent fatigue and a willingness to please the interviewer
possi bly may account for a large portion of the bids.

e The paynent vehicle, additional taxes at the regional level, is
anbi guous. Since water quality actually is
paid for in higher prices and federal income taxes for the nost
part, the respondents are already paying |arge anounts for this

purpose. W have no way of knowi ng whether the respondents are

15
The starting points for the vehicles Were one quarter of a cent

increment in sales tax and $.50 a nonth on the water sewer bill. Prior

to bidding the respondents were informed how nuch additional mnoney they
woul d pay a year for every one quarter cent increment in sales tax.

(Wal sh, et al., 1979:29). The study report does not say whether an annua
amount for the water/sewer fee was calculated for the respondents but even
if it wasn't the respondents would be able to calculate this easily them
selves. For the entire sanple they report an annual recreation value of

$18.60 for the water fee vehicle and $56.68 for the sales tax. (Every
respondent bid for recreation using each of the vehicles, total N = 174)
The only explanation they offer for respondents' willingness to pay only
about one-fourth as much in water-sewer fees as in sales tax was that

they "mamy have perceived inequities" in the fees since everyone, including
tourists, would be liable for sales taxes (Geenley, et al., 1980:17).
However, since the starting points for the two vehicles "generated revenue
of $6 per year in water-sewer fees and $25 per year in sales tax for a
typi cal household of four with an average income of $13,500 per year"
(Geenley, et al., 1980:11), it is nore likely that the difference

results fromstarting point bias.

16 In Table 1 of Greenley, et al. (1980) they give the mean bid for
option, bequest and existence values for each vehicle. In every case,

irrespective of vehicle, the bids for these values hover around the starting

point. The average difference fromthe starting point is 17 percent. (It
is true, however, that the bequest value lies slightly below the starting
point, while the other two have nean bids above the starting point, sug-
gesting that people do value bequest values less than the other two.)
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willing to pay these ampbunts plus the additional anopunts
elicited in the bidding ganes or not.

O direct inmportance to our present discussion is the method used by
the Colorado State researchers to neasure the option and existence val ues.
Their approach is additive. They ask separate questions for each of the
four benefit categories (recreation, option, bequest and existence) and
add the resulting mean bids to get a total WIP figure for the Basin's
water quality. Since the additive technique requires each benefit to be
nmeasured independently with no overlap, the WIP instrument must ensure
that respondents bid on one value at a time and only on that val ue.

Gt herwi se double counting will occur biasing the total estinmate upward
and naking it inpossible to derive reliable estimates for the conponent
values. A close scrutiny of the wording of the recreational and option
val ue questions in the Colorado State instrunment raises serious doubts
about their independence.

Here is the wording of the question they used to neasure recreationa

val ue

17In the case of the existence and bequest val ues, however, they
recogni zed after the fact that their survey "did not ask users about (these
benefits) in such a way as to pernmit adding themto user's val ues"
(Wal sh, et al., 1978:39). For this reason they restricted their
estimates of these benefits to the very small number of non-recreationists.
In the discussion which follows we consider only the recreation and option
val ues, both of which they estimated for the full sanple, although we believe
our criticismalso holds for the other two measures.
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Suppose a sales tax was collected fromthe citizens of the
South Platte River Basin for the purpose of financing water quality
inthis Basin. Al of the additional tax would be used for water
quality inprovenments to enhance recreational enjoyment. Every Basin
resident would pay the tax. Al bodies of water in the River Basin
woul d be cleaned up by 1983. Assune that this is the only way to
finance water quality inprovenent.

14. Would you be willing to add cents on the dollar to present

sal es taxes every year, if that resulted in an inprovenent from
situation Cto situation B?

15. Would you be willing to add cents on the dollar to present
sal es taxes every year, if that resulted in an inprovenent from

situation Cto situation A?

The three water quality levels A (best), B (medium and C (worst)
were represented by photographs showing colored water features associated
with mine drainage. Although the wording says all the additional tax would
be used "to enhance recreational enjoynent" the question does not explicitly
ask the respondent to limt his or her answer to recreational benefits
nor does it informthe respondent that he or she will be presented with
subsequent opportunities to say how nuch they are willing to pay for other
(intrinsic) values. Since the apportioning of water quality values to precise
categories is not a famliar undertaking for nost people, the formof the
question with its enphasis upon the quality shift fromCto B and Cto A
and the use of the pictures which depict aesthetic degradation serve to
create the inpression that the respondent is being asked about water pollution
in general. The bids for the recreation question probably should be regarded

as the consuner's total willingness to pay for an increase in water quality

in the area fromC to A
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The option value question has the sanme weakness. Al though the

researchers are careful to specify the option characteristics in accord

with their theoretical nodel, the question is worded in such a way that

the respondents could interpret it as asking themto value water

quality of level A while bearing in mnd the econom ¢ tradeoff of foregoing

mning activity. (A Further problemwith the option question is that the

respondents may not believe level C to be irreversible since the recreationa

questions in the interview told themthat |evel C could be inproved to |evels

B or A) The option question is worded as foll ows:

In the near future, one of two alternatives is likely to occur
in the South Platte River Basin. The first alternative is that a large
expansion in mning devel opment will soon take place, creating jobs
and income for the region. As a consequence, however, nmany | akes
and streams woul d become severely polluted. It is highly unlikely,
as is shown in situation C, that these waterways could ever be re-
turned to their natural condition. They could not be used for
recreation. G ow ng denmand coul d cause all other waterways in the
area to be crowded with other recreationists.

The second possible alternative is to postpone any decision to
expand mning activities which would irreversibly pollute these
wat er ways. During this time, they would be preserved at |evel A for
your recreational use. Furthernore, information would beconme avail able
enabling you to preserve the waterways at level A for your recreationa
use or to permt mning devel opment. O course, if the first alter-
native takes place, you could not make this future choice since the
wat erways woul d be irreversibly polluted.

26. Gven your chances of future recreational use, would you be
willing to add cents on the dollar to present sales taxes
every year to postpone mning devel opment? This postponement
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would permit information to becone avail able enabling you to

make a decision with near certainty in the future as to which

option (recreational use or mining devel opnent) would be npst

beneficial to you?

Whereas the "recreational value" questions (14 and 15) ask the

respondents to inmagine that they are at level C or B and to say how much
they are willing to pay to nove to level A the "option value" question
asks themto assume that they are at |level A and asks how nuch they are
willing to pay to remain at level A instead of nmoving to level C In this
respect, the question is sinply another way of measuring the consuner
surplus for level A and we would again anticipate that the respondents'
WP anpunts will reflect their total recreational and intrinsic values
for water quality rather than just the intended independent (and additive)
option val ue. O course the bids on this question will be influenced by the ad-
ditional information conveyed by Question 26, nanely: a) the water quality change
will be irreversible; b) keeping water quality at |evel A involves economnic
tradeoffs (jobs and incone) and c) there is pressure for such devel opnent.
This last point, which is inplied rather than stated, might |ead the

18

respondent to believe that further mning activity is inevitable, and

therefore to give |low or zero bids.

18 These factors may explain why the "option" question received a
| ower nean bid ($23) than the "recreation" question ($57).
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In this study we use an approach which contrasts with the Col orado
State method in several respects. First, we do not attenpt to neasure the
vari ous sub-categories of intrinsic benefits as they did, although we do
obtain separate estimates for the overall intrinsic benefits and for the
in-stream recreational benefits. Second, we begin by ascertaining the
individuals' total consumer benefits (recreational plus intrinsic) through
a sequence of WP questions. Only then do we apportion these total benefits
to the separate recreational and intrinsic categories as the basis of in-
formati on which we obtained in the interview about the respondents’
recreational use or non-use of freshwater. Qur process is subtractive
rather than additive and uses self-reported behavior rather than answers
to specific WIP questions to distinguish recreational fromintrinsic
benefits. Working backwards from a total benefit figure has the advantage
of forcing respondents to consider their budget restraints nmore realisitically
than in the case when they are asked to value a sequence of conponent benefits
wi thout confronting the overall expenditure involved in these separate

decisions. Table 1.6 shows which of the benefit categories in Table 1.4

we measure in this study. Ve present our findings in Chapter 5.
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NATI ONAL BENEFI TS OF CLEAN WATER

Table 1.6 MEASURED BY THE RFF SURVEY
- [ ndustry
W t hdrawal - - - Agricul ture
| Drinking water
Direct Use ---- _
Commerci al Fisheries
| I nstream ----
Soating
Eecreation{ Pisnirg
- Swimming
Consunptive recreation (i.e.
R duck hunting)
Habi t at based ---
Nonconsunptive recreation (wld-
_ | life watching and phot ography)
Indirect ----

Wat er enhanced recreation (i.e.
pi cni ci ng, canping, sightseeing,
ot her)

_Aesthetic -------
Qther activitiy (i.e. commting
_MTPINgT2 TTTTT to wor k)
- Short term
Individual -----
Long ter
Qption =~~~ - —
[ nt ergenerational (bequest) |
|__Exi stence

Categories in italics are those estimated in this report. The subcategories
in the boxes are not included in our intrinsic benefits total because

the changes in water quality which we value are defined as irreversible.



CHAPTER 2
THE MACRO APPROACH TO W LLI NGNESS TO PAY STUDI ES

Qur review of studies using the willingness to pay nethod reveals
two distinct research traditions. In one tradition, wllingness-to-pay
questions are used in national polls as a neasure of environmental concern
In the other, the questions are enployed by econonists to devel op benefit
estimates for particular environnental goods. W have naned these ap-
proaches the macro and micro, respectively. Each has advantages and
di sadvantages for benefit estimation. W have experinented with a new
kind of macro approach, one which borrows heavily from methodol ogi ca

i nnovations devel oped by practitioners of the micro approach. In this chapter
we describe these two approaches and the rational e behind our synthesis.

The Macro WIlingness to Pay Approach

Since 1969 at least 8 different surveys have asked questions using the
"macro willingness to pay" (macro WIP type). The kind of environnental
public goods covered in these surveys range fromair pollution devices on
new aut onobi |l es Viladus, 1973) to the nore general category of "cleaning
up pollution now' (Gallup, 1971). They also vary in how they ask for the
anount. Sone questions are open ended, but macro WP questions usually offer
a specific amount or a linmted sequence of specific amunts for the
respondent's judgment. For exanple, in 1969 a Harris poll for the Nationa

Wldlife Federation asked 1500 adults nationw de:

You are already sharing in the costs brought to us all by
air and water pollution. In order to solve our nationa
problens of air and water pollution the public may have to
pay higher taxes and higher prices for sone products. To
get real clean-up in your natural environment, would you
be willing to accept a per-year increase in your famly's
total expenses of $200?
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The question was repeated for the ambunts of $100, $50 and $20. O her
exanpl es of nmacro questions include these taken from national surveys.

Would you be willing to pay an additional $20 per year on
your electric bill in order to cut down air pollution caused
by power plants? (Federal Energy Admi nistration, 1377 ; Ruqust
1975 survey).

(After asking people the anobunt of their last electric bill ....)
Now suppose that the only way to stop the electric power plants
frompolluting is to install expensive equipnent, and this

equi prent nmade your electric bill go up unless you used |ess
electricity than you use now  How nuch nore would you be
willing to pay a nonth to clean up this form of pollution?

$ (Viladus, May 1973 survey).

The past uses of the macro WP approach have the follow ng

characteristics:

1. Purpose: In these earlier uses, macro WP questions were not intended to
provide the basis for benefit estimates in the strict sense. They were used for

the conventional poll takers purpose of neasuring public concern about
envi ronnental goods. It is assuned that asking people the ambunt of
noney they are personally willing to pay for pollution reduction is a
nore stringent test of people's concern than questions which sinply
elicit concern without reference to the cost. The relevant audience for
these studies are those who normally use public polls on environnenta

i ssues.

2. Survey Method: The macro WP questions were used in socia

surveys conducted by professional polling organizations. Because the
respondents were chosen by nodern sanpling techniques, with sanple sizes
ranging from 800 to 1500, the results may be generalized to the appropriate
sanpling frame within a statistically determ nable degree of accuracy.

The interviewers are trained adult workers under contract to the polling
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organi zati on whose work is subjected to independent checks. In each use
of the macro WIP questions they have been just one conponent of a l|arger
list of questions.

3. Specification of the good and procedure for ascertaining WP:

The nature and geographical distribution of the environnental good is
described in general terms. People are asked about "cutting down air

pollution," for exanple, with no nmention of where this would happen or how

mich "cutting down" is involved. No attenpt is nmade to vary the anount of
the good, to provide visual aids describing it, to present the parameters of
a hypothetical market in the good, or to sepcify the geographical |ocation

whi ch woul d receive the environnmental benefit.

4, Test for biases: The standard assunptions about the reliability/

validity of survey research are applied to the macro WP questions. These
assune that a question is reliable if it uses words which are understood
by all the respondents, is unanbiguous in nmeaning, is neutral in its

wordi ng, and asks about a matter on which respondents nay be presuned to
have an opinion. Validity is established by judgnent of whether or not
the description of the environmental good in the question appears to be
adequate (face validity). No attenpts were made to undertake specific
tests for threats to reliability and validity. Data reporting was linited
to presentation of the marginal results and cross tabulation by standard
background vari abl es.

5, Sanpling Frame: The sanpling frame for these surveys was a

| arge geographic area. Mst were national (the |ower 48 states) although

macro WIP questions have occasionally been used in state surveys.
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W use "macro" as a label for this tradition of WP questioning
. . 1 .
because of its focus on_national benefits. No matter what environnmenta

good these questions solicit wllingness-to-pay amobunts for, the nobney

woul d pay for supply of the good across the country. The nicro approach, as we

will see, is interested in the benefits for a specific geographic area.1a

The Mcro WIlingness to Pay Approach

Since the Second World War, econonists have been increasingly faced
with the need to neasure the use val ues associated with natural resources.
Insofar as val ues associated with goods are neasured in the market place
in terms of price, obtaining dollar estimates for themis relatively straight-
forward. But natural resources, including the anenities of clean air and
wat er, have characteristics which severely linit the use of exchange to
determine their value for society. Because they have the attributes of
public goods especially in that it is difficult or inpossible to exclude consuners
fromusing them they are outside conventional market structures. The
rather intangible nature of some of the values these resources convey, such as
aesthetic and existence values, neans that people are likely to have dif-
ficulty imagining the good with precision and conceiving of a hypothetica

mar ket in those val ues.

1If the Grand Canyon has synbolic national value then the |ocation
of the benefits is national rather than |ocal

laI\/’acro need not refer to only national benefits. For instance, the
benefit could be global (CO_,, d' Arge et al., 1980) or regional as in a
survey of WIP for air qualigy regulations in California of a random sanple
of all California (if California only generated and was affected by the
air pollution). At the margin the distinction between macro and mcro

becone bl urred
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Econoni sts have experinented with ways to overcone these obstacles
in order to simulate a market in environnental goods. Anong the nyriad
of techniques devel oped over the past three decades for this purpose (see
Wckoff, 1971; for an overview as of 1970) is the use of survey research
instrunents to ask people what they are willing to pay for such goods.
Al though Ciriacy-Wantrup suggested such a technique -- which he called
the "direct interview method" -- as early as 1947 (Wckoff, 1971:13), it
apparently did not come into actual use until the 1960s when Davis (1963)
used questionnaires to estimate recreation benefits. Since that time the
techni que has been used repeatedly by economi sts to measure such things
as recreational benefits (Binkley and Hanemann, 1978; Darling, 1973, MKinney
and MacRae, 1978); water quality benefits (Gamich, 1977; Walsh, et al., 1978)
(Davis, 1980); benefits of decreased risk froma nuclear power plant accident
(Mul'l'igan, 1978); aesthetic benefits from foregoing a geothermal power

forthcom ng

pl ant (Thayer, / ); aesthetic benefits of air visibility (Randall, et
al., 1974; Brookshire, et al., 1976; Rowe, et al., 1979a and b); and aesthetic

and health benefits of air quality (Brookshire, et al., 1979)

In the course of this research the direct interview technique has
been refined and a great deal of study has been given to its possible
biases. Mich of this work has been undertaken by Randall and col | eagues
(Randal |, et al., 1974) and by d' Arge, Brookshire, Rowe and others from
the University of Wonming in their series of studies on the aesthetic
benefits of air pollution reduction. In 1979 the latter group produced
a mgj or nethodol ogi cal study of the technique for EPA (Brookshire, et al.,

1979).
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Figure 2.1 gives the text of a nmicro WIP questi on. It was used for a
1975 study of the aesthetic damages of a possible power plant near Lake
Powel | in Uah and illustrates the essentials of the micro approach. This
approach, particularly as used in the air pollution benefits studies, differs
fromthe mcro approach in a nunmber of inportant respects.

1. Purpose: The micro studies are specifically designed to obtain
esti mates of econonic benefits by gathering data which enable the fitting
of a demand curve for the value in question. Their designers seek to gather
data which will be accepted as valid for this purpose by their fellow
econoni sts

2. Survey Method: The field work for the micro WIP studies is usually

conducted by the researchers using student interviewers who are specially
trained for the study. The WIP questions are the centerpiece of the survey
instrument which is dedicated solely to the benefits nmeasure study. 1In a
nunber of the past studies sanple sizes have been very small by conventiona
survey research standards; sub-groups which are the focus of extensive

anal ysis sonetines consist of only 20-30 cases. Sonetines the descriptions
of the sanple frame and procedures are sketchy or |acking entirely2 in the
report so it is difficult to know whether the findings can be generalized
reliably to larger populations and what those populations night be. In
other case (e.g. Rowe, et al., 1979b:85-89) a representative rather than

random sanpl e was used which precludes such generalization.

2For exanple, the interview dates, the response rate, and/or the nethod
of selecting the respondents nay be m ssing.



Figure 1.1 2-7
QUESTI ONNAI RE

Bidding Game for Estimation of Recreationists’ Demand
for Abatenent of Aesthetic Environnental Damage

Cood  Morning/ Afternoon. M name is . I"m doing research for the Econonics
Department at the University of New Mexico, as a part of the Lake Powell Research Project, funded
by the John Mir Institute for Environmental Studies.

This research is designed to nore closely examne sonme of the trade-offs between _industrial develop-
ment, recreation and the environment in the Lake Powell area. In connection with these objectives.
| would like to ask you a few_qguestions to see how you feel about environnental quality and its
future In this area.

1. How many nenbers of your famly are here with you? persons.
2. Wat is the expected length of your stay? days.
3. Were are you staying? (a) local resident. (d) developed or seni-

devel oped  canpground
(b) lodge, Page notel
(e) remote (specify

(c) passerby - | ocati on)
4, If you don’t mind, could you please indicate which of the following brackets your famly incone
falls into:
0 - 4,999 20,000 = 26,999
5,000 - 9,999 25,000 =~ 39,999
10,000 - 14,999 30,000 =~ 49,399
13,000 - 19,999 50,000 and up

There are plans to construct a large electric generatinag plant north of Lake Powell. This plant is
expected to be at least as large as the Navajo Plant on the south side of the [ake.

5. Have you noticed the Navajo Plant or its snokestacks? yes no
Depending on exactly where and how a new plant is constructed, it could have a significant effect on
the quality of the environment. |f the plane is built near the lake, it could be visible for many

mles up and down the lake. If air pollution is not strictly controlled, visibility in the area may be
significantly affected.

These photographs (show) are designed to show how a new powerplant on the north side of the l|ake mght
appear . Situation A shows a possible plant site but assunes that the powerplant would be built at sone
distant location, not visible from the lake area. In Situation B the powerplant is easily seen from
the lake, but emts very little snoke; visibility is virtually unaffected. Situation C is intended to
show the situation with the greatest inpact on the environment of recreationists in the area.

It is easily seen from the lake, and the snoke substantially reduces visibility.

Vacationers, of course, spend considerable amounts of noney and time and effort to equip thenselves with
vehicles, boats, canping and fishing gear, and for traveling to the destination of their choice. It is
reasonable to assune that the amount of noney you are wlling to spend for a recreational experience
depends, among other things, on the quality of the experience you expect. An inproved experience would
be expected to be of greater value to you than a degraded one. Since it does cost, nmoney to inprove the
environment, we would like to get an estimate of how nuch a better environment is worth to you.

First, let’s assume that visitors to GCNRA are to finance environnental inprovenents by paying an
entrance fee to be admtted into the recreation area. This will be the only way to finance such inprove-
nents in the area. Let’s also assume that all visitors to the area will pay the same daily fee as you,
and all the noney collected will be used to finance the environnental inprovenents shown in the photos.

6. Wuld you be willing to pay a $1.00 per day fanily fee to prevent Situation C from occurring, thus
preserving Situation A? $2.00 per day? (increment by $1.00 per day until a negative response is obtained,
then decrease the bid by 25¢ per day until a positive response is obtained, and record the amount.)

7. Wuld you be willing to pay a $1.00 per day fee to prevent Situation B from occurring, thus pre-
serving Situation A? (Repeat bidding procedure).

8.  (Answer only if a zero bid was recorded for question 6 or 7 above.) Did you bid zero because you
believe that:

the damage is not significant

it is unfair or inmmoral to expect the victim of the damage to have to pay the
costs of preventing the danage

Q her (specify)

9. In your opinion, has visibility, depth or color perception in this area been significantly reduced
by air pollution?
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3. Specifications of the good and procedures for ascertaining WP:

Because of the inportance of making the situation as realistic and credible
as possible, great attention is given to the description of the environ-
mental good in the mcro studies. It is typically described as

occurring in a specific locality (usually the locality where the inter-
viewing is taking place); a tinme frame is specified; and an extensive
verbal description of the good is supplemented with pictures or other

visual devices. A great deal of care is also given to the procedures

for eliciting the WIP anount.  The survey instrument describes a hypothetica
market with a substantial degree of institutional detail; specific, plausible

means of paynment are specified; and contingencies relevant to the respondent's
valuing the good are described. A common feature of npbst of these studies
is the use of a "bidding game" procedure to ascertain the dollar anount the
respondent is willing to pay.

The bidding gane works in the follow ng manner: after the hypothetica
market is staged by neans of prelininary questions, verbal description,
and the use of the visual aids, a particular good is identified and the
person is asked whether he or she is willing to pay $x for the good. If
the starting anount (e.g. one dollar) is agreed to, the interviewer in-
creases it by a set interval (e.g. 50 cents) until the respondent rejects
an amount. The study nmay then require the interviewer to decrease the
amount rejected by a smaller amount (e.g. $.25) until the precise maximm
amount the individual is willing to pay is reached. > This procedure is
usual ly repeated for several levels of the good in question so that the

demand curve can be traced out.

4, Test for biases: Because they are explicitly intended to provide

benefits estimates for policy purposes, mcro studies attenpt to obtain

as close a surrogate as possible to actual market behavior.

3 . . .

Several micro studies also used parallel procedures to ascertain
how nuch respondents were willing to accept (WIA) in return for the |oss
of the environnental good.



2-9

The efficacy of bidding games used for this purpose [to

neasure aesthetic environnental inprovenments] depends on

the reliability with which stated hypothetical behavior

is converted to action, should the hypothetical situation

posited in the game arise in actuality (Randall, et al.

1974 135).
Since many economi sts are skeptical about the fit between attitudes and
behavior, credibility in this regard is crucial. Accordingly, those
conducting micro studies have placed a great deal of enphasis upon testing
for potential biases. 1In a nunber of cases, npbst notably the studies done
by d' Arge, Brookshire, and their colleagues, tests for biases are built
into the study design as when conparabl e sanples are offered different
dol I ar anounts as starting points for the same environmental good in order
to test for starting point bias. Strategic bias has been examned in a

simlar manner.

5. Sanpling frame: The environmental amenities valued by the nicro

WP approach are, as we have seen, location specific. Those interviewed

for these studies are generally sanmpled from people who live or recreate

in the particular area. This conjunction of a local good and a | ocal

sample is intended to reduce the artificiality inherent in the bidding

ganes since people will be bidding on a good which they can easily conprehend
and which is of immediate concern to them For the South Platte River Basin
(Col orado) 202 residents of Denver and Fort Collins were interviewed (\Walsh,
et al., 1978); for the 3 en Canyon Recreation Area the 82 respondents in-
cluded local residents, notel visitors, developed canpgrounds visitors and

renote canpers (Brookshire, et al., 1976).
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Conparison

This brief description of these two ongoing research traditions
captures the essential features of each as they existed in 1979 when
pl anning for the RFF experinment began. Each has a major strength and a
conpensating weakness.
Real i sm

O the two approaches, the micro approach has been far superior

inits realism People are asked about a good which they personally have
experienced or which they would experience in that location if pollution

| evel s increased. The several values associated with the good (existence
aesthetic, health, etc.) are differentiated and the val ue chosen for neasure-
ment is described in detail both verbally and, if possible, pictorially. The
paynment vehicle and the hypothetical market are designed to match the re-
spondent's experience as closely as possible. In conparison, the designers
of the macro questions have made very little effort to stimulate a narket

or to describe the environmental goods in detail

CGeneralizability

Realismis an inportant factor in designing reliable and valid neasures
of WIP. But once reliable and valid benefit estimates have been obtained from a

set of respondents, for our purposes it is necessary to aggregate themto obtain
overal | benefits estimates. The great strength of the macro approach with its use
of a national sanpling frane is the ease with which the results can be
generalized to give a national benefits estinmate. In contrast, it is difficult

to aggregate micro study findings beyond the |ocation where the study was con-
ducted and it is extremely difficult to make reliable national estimates from

a series of mcro studies.



Probability Sanpling and Aggregation

Survey research has a standard solution to the aggregation problem --
probability sanpling. |If Gallup wants to predict the national presidentia
vote, he interviews 1500 people nationwi de who are chosen by an el aborate
sanpling procedure based on statistical principles. Providing his
survey takes place immediately before the vote and that his interviewers
adhere to the sampling plan, he will be able to predict the vote with an

+
accuracy of = 3 percent. CGood sanpling requires: 1) designation of the appropriate

sanpling frame for the population to which one wishes to generalize (in the Gllup
exanple this is people living in non-institutionalized settings in the |ower 48
states), 2) design of a sanpling plan which will give every relevant person (e.s.
(e.g. adult voters) a known probability of inclusion, and 3) strict execution

of the sanple., Once the sanpling frame is chosen, the design and execution of

the sanple is straightforward, although certain adaptations can be made to a
strict probability design in the interests of econony without undue bias

resulting (see Sudman, 1976, for a review of these procedures).

The choice of the sanpling frame necessarily depends upon the researcher's

probl em and purpose. For WIP studies, it should be the popul ation for

4
whi ch the researcher w shes to have an aggregrate benefit. There are two

separate issues involved which conplicate the choice of a sanpling frame

for WIP studies: a) which groups can be presuned to "have" benefits that
shoul d be included in any conprehensive neasure and b) what groups are
rel evant under different equity positions; i.e., do only those who pay

get to have their benefits counted? Let us suppose that he or she wishes to

The researcher also needs to define any special sub-popul ations which
are likely to have an especially high value for the good in question, If
there are such sub-popul ations, he or she may need to oversanple these
people. QOherwise they may be too few in nunmber to enable a reliable
estimate to be made of their benefits. For exanple, one in fifteen men in
an area may be fishermen. |If 300 people are sanpled for a study of water
recreation benefits in an area only 20 are likely be to fishermen (0.066 x 150)
When benefits are aggregated across the entire sanple, the benefits for over-
sanpl ed sub-popul ation(s) nust be weighted to reflect their proportion of
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estimate noi se pollution control benefits. In the case of a village which w shes

to use WIP techniques to estimate the benefits of ordering quieter garbage
trucks, which would be paid for out of village property taxes, the appropriate
sanpling frame is the residents of the village. |If noise regulations are a
state matter and their cost is paid for by state taxes, then the state popu-
lation woul d be the appropriate frame. |In both these cases the selection of
the sampling franme is sinplified because the sane population is affected by
and pays for the public good in question.

Choosing the appropriate sanpling frame becones nore conplex where
the two do not coincide. The table bel ow shows the four possible relationships
bet ween paying for and using a public good. Usi ng our exanple of the town

contenpl ating the purchase of garbage trucks, an exanple of B is visitors

Pay for the Good

yes no

Use the good
yes A B
no D C

to the town who woul d benefit from quiet garbage trucks although they

woul dn't pay for them since they are not subject to town property taxes.

Position D woul d include deaf residents and absentee property owners.

Note that by using the sampling frane of the town residents, we include sone D's
(town population = A + D minus absentee taxpayers). Sanpling franes conprised

of those who live in political jurisdictions responsible for public goods al nost
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i nevitably include both users and non-users. For exanple, those who reside
inacity with a public school systeminclude the childless, people whose
children are too young or old for public school, and those who send their
children to private schools. Note also that the use of the town popul ation
as the sanpling frane | eaves out some D's. Presuming that property taxes are
the source of the town's revenue, absentee |andlords would not be represented
in a sample of town residents. A different sanpling frame consisting of

property tax payers would, of course, include them but it would exclude renters5

B is an inportant category for some benefits estimtes. Consider the
case of the huge Four Corners power plant at Fruitland, New Mexico in the

Sout hwest (Randall, et al., 1974). Residents of

the area and visitors who come to enjoy the scenery use the public good of
high air visibility w thout paying the cost of maintaining it. This cost

is (would be) borne by those in Los Angel es (and el sewhere) who purchase their
electricity fromthe utility which owns the plant. Neverthel ess, area
residents and visitors are a crucial sanpling frane for a WIP study of the
aesthetic benefits of local air visibility.

A further conplication is introduced when we consider the question of
intrinsic benefits. 1t may be worth sonething to Los Angel es residents (D)
who never recreate or intend to recreate in the Four Corners area to know
that the extraordinary air visibility in that area is untouched by the
em ssions of the plants which provide their electricity. Indeed, and here
we cone to position C, it may be worth something to residents of Chio as
well. A local or even regional sanpling frame is inadequate if the researcher
wi shes to include intrinsic benefits in a national estimate of the benefits

of high visibility in the Southwest.

5
Recogni zi ng, of course, that renters eventually pay all or some of the

taxes inposed on |andl ords.
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Interrelationship Between Ceneralizability and Realism

The sanpling frane and the realism of the WIP instrument are inter-
related. Where users and payers are in the same popul ation (position A)
both the description of the good and the paynent vehicle can be related to
their actual experience and realismis enhanced. People in position B,
may be nore unrealistic in their WIP estimates than those in A or
D because they know they are not paying for the good and are unlikely to
think they will have to pay for it in the future. The good may be especially
abstract and hard to imagine for those in position D who pay for the good but

who do not use it. Thus the potential for measurement bias is reduced when

the sanpling frame consists primariy of A's. To the extent that respondents
anticipate that their answers will affect their level of paynment or their

[ evel of supply of the public good, B's estimates will tend to overestinate
the consuner surplus and D's to underestimate it owing to the effect of

strategic bias.

This description of the strengths and weaknesses of the two research
traditions as they have been practiced to date is sunmmarized in the follow ng
four-fold table.

Generalizability

Hi gh Low

mcro
Real i sm Hi gh

macr o
Low

The obvious goal for a study of public good benefits is to nove to the box
where the data are both realistic and generalizable. This is a difficult

task because the two dinmensions are sonmewhat inconpatible, necessitating
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tradeoffs between degree of realism and degree of generalizability. Thanks

to the experinental mcro studies of the 1970s, however, we have a nuch

greater know edge of the properties of willingness to pay nmeasures. For

exanple, mcro research has shown us that certain potential problens such

as strategic bhias are not as nuch of a problem as sone had thought (see Chapter 4).
Knowl edge such as this gives the researcher greater flexibility in designing

a WIP research instrunent, flexibility which was essential to our effort to

devise a macro instrunent which was workable yet sufficiently realistic in

its description of water quality to give US valid results. |n Chapter 4
we argue the need to jointly nmininmze the potential for strategic and
hypot hetical bi as.

The RFF Macro Approach

For public goods which are mandated at the national |evel and are paid
for by everyone in higher prices and taxes there is a need to obtain
national benefits estimates. The quality of water in the nation's fresh-
wat er bodies is such a public good. In 1972 Congress passed the Federa
Water Pollution Control Act Anmendnments (later amended). In this |aw

Congress has declared its intent "that the discharge

of pollutants into the navigable waters be elininated

by 1985" and that "wherever attainable, an interim goa

of water quality which provides for the protection and

propagation of fish, shellfish, and wildlife and pro-

vides for recreation in and on the water be achieved

by 1 July 1983." In effect, this amounts to a commitnment

to make all the nation's navigable waters "sw nmmbl e and

fishable" by 1983 and wholly free of pollutants in 1985.

(Rosenbaum 1977: 158).
The | aw established a national permt systemfor all mnunicipal and industrial
ef fl uent discharges according to national standards and mandated the use
of "best practicable" technology to control water pollution by 1977 and

the "best avail able" technology by 1983. Although it is inplemented by

the states, the standards and conpliance deadlines are set by Washi ngton.
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The cost of this mammoth pollution control programis ultimtely borne by
all U S. taxpayers and consuners. The federal government provides the
construction nonies for municipal waste treatnent facilities in what is the
| argest single public works project ever authorized by Congress. Minicipa
taxes pay to maintain and operate the waste facilities. The expanse of
controlling the non-nunicipal effluents are borne by industry (and ultimately
the consunmer) and other operators. The reach of the |aw extends beyond
effluent pipes to the many "non-point" sources of water pollution such as
fertilizer runoff fromfarmers' fields.
After a careful consideration of the alternatives, we decided to adopt
a macro approach in our study of the intrinsic benefits of water pollution
control. A primary inpetus for this decision was the national character
of control prograns. In addition we were influenced by the follow ng considerations
1. The results of the various mcro experinments suggested sonme of
the biases involved in the use of surveys woul d be manageabl e at
the macro |evel
Factors mtigating against a mcro design:
2. The fact that unlike air pollution, water pollution does not
lend itself to the efficient use of site-specific visual aids.
This is because: a) perception of water quality is nediated
strongly by individual settings; b) the diverse visual values
of water include everything fromclarity to surface debris; and
c) not all visual degradation is due to pollution, making it

difficult to distinguish between natural and the human-produced.
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3. The diversity of local water bodies in nmany parts of the country.
Lakes, streans and rivers each have different characteristics
and even within a particular geographical location they may take
many different forns. This diversity poses great problens for
mcro studies which seek to do nore than neasure the water quality
benefits for a single body of water. Air, in contrast, is a far
nore honogeneous mnedi um

Factors favoring a macro design:

4, Both the use of fresh water (for recreation, aesthetic pleasure,
etc.) and the paynment for the cost of inproving its quality occur
at the national |evel. O course, individual use takes place at
the local level, but such use occurs all over the country. MNoreover,
sone people use water in areas far distant fromtheir homes. As
noted above, every person pays the cost of inproved water quality
t hrough a conbination of taxes and higher prices and the cost is
i nposed as a result of national decisions by Congress and EPA

5, The terms used in the national |aw mandating the water cleanup
to describe the several levels of water quality -- "fishable,"

"swi nmabl e" -- are readily understood by individual citizens and
do not require location specific visual aids.

6. That a national survey is particularly suited, for reasons described
earlier, for the neasurement of the intrinsic value of inproved

water quality for our special task.



2-18

Figure 2 summarizes the major aspects of WP benefits study design
and | ocates the RFF approach in relation to the other types of approaches
whi ch have been used in the past. In contrast to the earlier nmacro studies,
the description of water quality in our instrument is detailed. In contrast
to the air pollution bidding ganes, we use a national sanple and neasure the

benefit for the nation as a whole.
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TYPOLOGY OF WLLINGNESS TO PAY STUDI ES

Local Sanple

Description of Benefits

Detailed Genera”
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pidding games
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See footnote 1, page 2-4.
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