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Abstract. A review of studies of part-whole valuation effects in contingent valuation 
highlights the difficulty of distinguishing part-whole bias from the effect of substitution 
among goods. A contingent valuation of instream flow preservation indicates that 
respondents with more information about substitutes were more sensitive in their 
valuations to the number of rivers protected than were respondents with less information. 
These results, in combination with those of other studies of part-whole valuation effects, 
suggest that contingent valuation researchers must design guidelines for deciding what 
information about substitutes should be presented to respondents and how that 
information should be presented. 

Introduction 

Economic measures of the recreational value of instream 

flow have been estimated in several studies (summarized by 
Brown et al. [1991]). Potentially more significant in terms of 
total value, but less often studied, is the nonuse value of pre- 
serving instream flow [Loomis, 1987; Sanders et al., 1990]. It is 
now generally recognized that the value of a natural asset, such 
as a riparian area, may include nonuse or passive use value, in 
addition to active use value. Nonuse value of instream flow 

refers, in the economic context, to a willingness to pay (WTP) 
even if the person does not expect to visit the river in question, 
and can include existence value and bequest value (plus, in 
some formulations, option value) [Krutilla, 1967; Randall and 
Stoll., 1983]. 

The legitimacy of measuring nonuse value in economic 
terms was elevated when nonuse value was included by the 
U.S. Department of Interior in 1986 as a category of value for 
which losses could be recovered under the CERCLA (Com- 
prehensive Environmental Response, Compensation, and Lia- 
bility Act of 1980, also known as the Superfund Act, 42 U.S.C. 
9601-9675) regulations, and when that inclusion was upheld by 
the D.C. Court of Appeals in 1989 in Ohio v. The United States 
Department oflnterior, 880, F.2d 432 (D.C. Cir.). What remains 
most controversial is the legitimacy of currently available 
methods for measuring nonuse value. Contingent valuation 
(CV), the primary tool for measuring nonuse value, has come 
under attack as not being a valid method of measuring the total 
economic value of public goods that may provide nonuse ben- 
efits [Cambridge Economics, 1992]. Nevertheless, the expert 
panel convened by the U.S. National Oceanic and Atmo- 
spheric Administration (NOAA) [NOAA, 1993] upheld the 
possibility of measuring nonuse value using CV, and NOAA 
later issued proposed regulations for damage assessments pur- 
suant to the Oil Pollution Act of 1990 [NOAA, 1994] that 
support including nonuse values as a component within natural 
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resource damage assessment. Further, a recent book [Kopp 
and Smith, 1993] offered a hopeful summary of the possibilities 
of measuring nonuse value. However, each of these treatises 
voiced sincere concern about the difficulties of properly spec- 
ifying the good to be valued in CV, and specifically about the 
focus of this paper, part-whole valuation effects. 

Careful specification of the good is critical when CV is used 
to value complex and unfamiliar goods such as environmental 
assets. A key specification issue has to do with the scale or 
scope of the good. A good can vary in geographic scale (e.g., 
one river or several rivers), policy scope (e.g., protection of just 
flow or also adjacent riparian vegetation), or tim9scale (e.g., 
protection for one or many years). Studies have shown that CV 
respondents' estimates of WTP for the good can be surpris- 
ingly sensitive, or insensitive, to scale or scope depending on 
what information is. presented about the good and its potential 
substitutes and about other aspects of the CV. Specifically, 
WTP for a good appears to depend on whether the good is 
valued separately or as part of a more inclusive good, and on 
what information about potential substitutes is salient. The 
effect of the scale or scope of the good and of information 
about substitutes on WTP has been called the part-whole val- 
uation effect [Mitchell and Carson, 1989] or the embedding 
effect [Kahneman and Knetsch, !992]. 

Part-whole Valuation effects, as they relate to CV measures 
of economic value, were first raised by A. Randall, J.P. Hoehn, 
and G. S. Tolley at the 1981 meeting of the Association of 
Environmental and Resource Economists in Washington, D. 
C., in a study of WTP of Chicago residents for air quality 
improvements. As later described by Hoehn [1991], one sample 
was asked their WTP for Grand Canyon air quality improve- 
ments, and the other sample was first asked to value air quality 
improvements in the Chicago area, and then to value the 
package of air quality improvements in both Chicago and the 
Grand Canyon. The separate value 'of Grand Canyon air qual- 
ity improvement was nearly 7 tirhe• the additional WTP for 
Grand Canyon air quality improvements when individuals were 
first asked to pay for Chicago air quality improvements. 

Kahneman and Knetsch [1992] raised the visibility of the 
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Table 1. Possible Relations Among Goods and Their Assessed Values 

Relations Between Two Goods Relations Among Their Assessed Values 

Basic Relations a 

1. Independent in valuation V( #l) + V( #2) = v(c) > 
2. Complements v( #l) + v( #2) 
3. Perfect substitutes v( #l) + v( #2) > v(c) = 
4. Imperfect substitutes v( #l) + v( #2) > v(c) > 

Additional Relations That Can Occur With Part-Whole Bias 

5. Imperfect substitutes, with v( #l) + v( #2) > v(c) = 
pure embedding 

6. Imperfect substitutes, with v( #l) + v( #2) > v(c) > 
partial embedding 

7. Perfect substitutes, with v( #l) + v( #2) > v(c) = 
value allocation bias 

8. Imperfect substitutes, with v( #l) + v( #2) > v(c) > 
value allocation bias 

aAssumes v(#l)' is estimated by the respondent as the portion of v(c) that is represented by #1 alone. 

part-whole valuation issue when they found evidence of part- 
whole bias in their survey results and concluded that CV was 
not a valid procedure for measuring WTP for public goods. 
Their conclusion has been questioned by many, including 
Smith [1992] and Harrison [1992]. In addition to quarreling 
with the survey methods used by Kahneman and Knetsch, such 
authors suggest that the findings of studies testing for part- 
whole valuation effects, although perhaps initially disconcert- 
ing, are not necessarily inconsistent with consumption theory. 
First, WTP is subject to a budget constraint, and the smaller 
good may be allocated the full budget for such items, especially 
if respondents are unaware of the other components of the 
larger good. Second, diminishing marginal utility is likely to 
apply to additional units of related goods, such that WTP for a 
good when valued alone would be greater than WTP for that 
good when valued as a component of a larger, more inclusive, 
good. Nevertheless, findings such as those presented by Hoehn 
[1991] and Kahneman and Knetsch [1992] do indicate that we 
must gain a better understanding of the effect of CV proce- 
dures, and especially the effect of inclusion of information 
about substitutes, on estimates of WTP where part-whole val- 
uation effects may matter. 

This paper examines the implications of consumption theory 
for part-whole valuation experiments. We review the existing 
literature in light of our theoretical model and then present a 
test of part-whole valuation effects focusing on protecting in- 
stream flow, utilizing a WTP function that includes quantity of 
rivers protected as an argument. This formulation generates 
testable hypotheses concerning the relations among assessed 
values. Our application is based on data from a CV survey in 
which participants were asked a dichotomous choice question 
about their WTP to protect instream flows on one to five 
Montana rivers. We test the hypothesis that past users of the 
rivers are more aware of the uniqueness of each river being 
valued and of substitute rivers and therefore better able than 

nonusers to discriminate between rivers in the value they place 
on flow preservation. 

Theory and Review of the Literature 
Part-whole bias occurs when the respondent values a larger 

or smaller entity than intended by the survey designer. Amend- 
ing slightly the categorization of potential biases in CV pre- 
sented by Mitchell and Carson [1989, p. 237], part-whole bias 

may be caused by differences of geographical or temporal scale 
or by differences of scope of the policy or benefits. The differ- 
ence may occur, for example, when the respondent values a 
larger entity symbolized by the specific good described in the 
survey or when the respondent simply misinterprets the de- 
scription of the good. 

To explore the possible relations among goods and their 
values, assume two goods, # 1 and #2, where # 1 is the good of 
primary interest and #2 is the remainder of a more inclusive or 
composite good c (i.e., c = g l q- g2)-Let v(gl) and v(g2) 
indicate the separately assessed values of the two goods, v(c) 
indicate the separately assessed value of the composite good, 
and v(gl) • indicate the value of g l when assigned in the 
context of also valuing c or g2. The relations among the sep- 
arately assessed values and the value of a component assigned 
in the context of other valuations depend on the nature of the 
goods themselves in light of a person's preferences, on the 
presence of part-whole bias, if any, and on the procedure (the 
valuation "path") used to segregate v(gl)'. Table 1 summa- 
rizes several of the basic possibilities. 

The first four cases of Table 1 (see also Hoehn [1991]) may 
occur without the presence of part-whole bias. The first three 
of these are special cases: (1) the two goods (gl and g2) 
belong to mutually exclusive budget categories, each with a 
separate budget constraint, so that their values are not affected 
by whether or not they are valued jointly; (2) the two goods are 
complements, so the value of the composite is greater than the 
sum of the separately assessed values; and (3) the two goods 
are perfect substitutes, so the value of either good is equal to 
the value of the composite. A more common relation between 
two goods is for them to fall under the same budget constraint 
but be neither complements nor perfect substitutes (case 4). In 
this case the value of the composite exceeds the value of either 
good valued separately, but is less than the sum of the sepa- 
rately assessed values. 

The relation between v(gl) and v(gl) • depends on the 
procedure used to estimate v(gl) • The first four cases of 
Table 1 assume that v(gl)' is the portion of v(c) that is 
represented by gl alone (i.e., that the valuation path calls for 
valuing g 1 alone, with the remainder of v(c) essentially allo- 
cated to g2). Thus, for example, if a person who considered g 1 
and g2 to be perfect substitutes were asked how much of v(c) 
could be represented by g l alone, the person would, in the 
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absence of part-whole bias, allocate all of v(c) to #1. Or, if a 
person who considered #1 and #2 to be partial substitutes were 
asked how much of v(c) could be represented by # 1 alone, the 
person would allocate enough to cover the separate value 
of gl. 

A vew different valuation path was used by Hoehn [1991], 
who asked respondents to first estimate v(g2) without infor- 
mation about g I and then estimate v(c), so that v(g 1)' was 
later computed by the analyst as the difference v(c) - v(g2). 
If this procedure is used and g I and g• are perfect substitutes, 
v( g l) • - 0 (a distinctly different result from that depicted in 
Table 1 for case 3). Similarly, if gl and g• are imperfect 
substitutes, v(gl) > v(g•)•; and if g l and g• are comple- 
ments, v( g 1) • 7J( g 1) t. 

A third procedure was used by several empirical part-whole 
bias studies, which asked respondents to estimate v(gl)' in 
relation to v(c) but did not specify a path. Thus, for example, 
they asked respondents to first estimate v(c) and then asked 
"what part of the total amount... should go" to g l [Kahne- 
man and Knetsch, 1992], or they simply made respondents 
aware of the larger good and the succeeding task of valuing it 
before asking respondents to estimate the value of g i [Walsh 
et al., 1990]. We note that where v(gl)' is estimated as a 
portion of v(c) and g i and g2 are substitutes or complements, 
estimation of v( g 1)' is problematic unless a path of valuation 
is specified. In the absence of a specified path, allocating v(c) 
among g i and g2 if they are substitutes or complements is akin 
to the allocation of joint costs among several outputs: The 
allocation is, within bounds, arbitrary [Herfindahl and Kneese, 
1974, p. 290]. Arbitrary allocation of value can be considered 
a kind of part-whole bias, as described below under cases 7 
and 8. 

The last four cases of Table 1 (cases 5-8) are some of the 
possibilities that involve part-whole bias (there are other vari- 
ants of part-whole bias, but these four suffice for current pur- 
poses). In case 5 the goods are imperfect substitutes, but the 
respondent interprets gl as c (values c instead of gl), leading 
to v(c) = v(gl); this might be called "pure" embedding. 
However, when the sample that values the composite is asked 
to allocate a portion of v(c) to g l the distinction between c 
and its components is clear, leading to v(c) > v(gl)'. In case 
6 the goods are imperfect substitutes, and the respondent in- 
terprets g i as some larger portion of c than the survey designer 
intends, but not as all of c (thus "partial" embedding). Again, 
when the sample that values the composite is asked to allocate 
a portion of v(c) to g l, the distinction between c and its 
components is clear, leading to v(gl) > v(gl)'. In case 7 the 
goods are indeed perfect substitutes, but upon being asked 
what portion of v(c) should be allocated to g• the respondent 
allocates a portion of v(c) to g•, leaving a portion for g2, 
rather than insisting that g l and g2 are perfect substitutes 
which could each be allocated the full v(c). This tendency, the 
result of an unspecified valuation path, might be called "value 
allocation bias." Case 8 is similar to case 7, but the goods are 
imperfect substitutes; upon being asked to allocate part of v(c) 
to gl the respondent allocates less of v(c) to gl than gl would 
garner by itself, leaving the rest for g2- Note that embedding 
affects v(gl), and value allocation bias affects v(gl)'. 

Table 2 summarizes 12 of the CV studies that have tested for 

part-whole valuation effects. Each study asked one sample of 
respondents to value a relatively small good (g 1) and another 
sample to value a more inclusive or composite good (c) or to 
value its components (gl and g2)- Several procedures were 

used with the latter sample of respondents (Table 2, fourth 
column from the left). In four studies, respondents valued only 
the composite good; in five they valued the composite good 
and then allocated part of that WTP to g l (called the "alloca- 
tion" procedure in Table 2); in two studies respondents were 
made aware that they would b• valuing g2 or c as well as gl 
before valuations began (called the "aware of c" procedure); 
and in one study respondents first valued g2 and then valued 
the composite, allowing v(gl)' to be computed as v(c) - 
v(g2) (called the "residual" procedure). 

Five of the 12 studies surveyed three or more samples in- 
stead of just two; for these studies, Table 2 compares WTP of 
only two samples unless additional comparisons indicate dif- 
ferent conclusions. Because two of the studies found different 

results for different comparisons, a total of 14 comparisons are 
listed in Table 2. 

The results of these 14 comparisons, as summarized in Table 
2, suggest possible relations among goods and the possible 
presence of bias. These possibilities, expressed in terms of the 
eight cases of Table 1, are listed in the right-hand column of 
Table 2. For example, the results of the Bergstrom and Stoll 
[1987] study (that v(c) is not greater than v(gl) , but v(gl) is 
greater than v(gl)') suggest that case 5 or case 7, or some 
combination of both, applies. Five of the 14 comparisons sug- 
gest imperfect substitution with pure embedding (case 5) or 
perfect substitution with value allocation bias (case 7); three 
comparisons suggest perfect substitution (case 3) or case 5; one 
comparison suggests imperfect substitution (case 4) or imper- 
fect substitution with partial embedding (case 6); two compar- 
isons suggest independence in valuation (case 1), complements 
(case 2), or case 4; two comparisons suggest four possible cases 
(1, 2, 4, or 6); and the final comparison suggests case 6 or 8. 
Thus part-whole bias may have contributed to the results of 12 
of the 14 comparisons, but in only six of the 12 comparisons is 
bias unambiguously indicated, and value allocation bias rather 
than embedding may be the culprit in each case. Embedding 
(case 5 or 6) is a possibility, but not a certainty, in each of the 
12 comparisons where bias is indicated. 

Table 2 is not meant to be the last word on part-whole bias 
in CV. Other kinds of bias, not considered here, may have been 
present in some of the studies summarized in Table 2. Further, 
some of the individual studies may have presented evidence or 
reasoning that would shed doubt on the applicability of some 
of the suggested relations between goods listed in the right- 
hand column of Table 2. The main point we wish to make with 
Table 2 is that the possible relations among assessed values 
depend first of all on the nature of the goods in light of 
respondents' preferences; without a good understanding of 
those relations, we will have a difficult time distinguishing 
between the effects of preference and the effects of bias on the 
values estimated using CV. In particular, we need a better 
understanding of how information about substitutes affects 
expressed values. 

Information about substitutes that is available to CV respon- 
dents may be separated into the information that respondents 
bring to the survey situation and the information provided in 
the CV scenario. Few of the studies listed in Table 2 provide 
insight about the effect of scenario information about substi- 
tutes on the results, and none attempts to determine the effect 
of different levels of prior information among the respondents. 
Some of the studies, such as Desvousges et al. [1992], reminded 
respondents in general of "other possible uses of your house- 
hold income," but only two studies [Loomis et al., 1993; Rowe 
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et al., 1992] carefully alerted subjects valuing only #• to the 
existence of alternative but related goods that were part of the 
composite good valued by the other samples. Unfortunately, 
the results of these two studies are not consistent. 

In the Loomis et al. [1993] study, survey participants were 
sent a map showing the total 122,000 ha of protectable forest 
area in southeastern Australia and highlighting the specific 
portion of that total forest area at issue for the bidding. This 
approach resulted in a separately assigned mean value of $57 
for protecting 6000 ha that was nearly identical to the $55 value 
of the 6000 ha of protection obtained from the sample that first 
valued protecting 70,000 ha and then allocated a portion of the 
larger value to protection of the 6000 ha (Table 2). Apparently, 
the map sent to the sample valuing only # •, highlighting only 
6000 ha, or 5%, of the protectable forest area, alerted the 
respondents to the ample substitutes in southeastern Australia. 
Loomis et at. did not compare valuations with and without such 
maps, so we cannot be sure of their effect. Further, in the other 
comparison achieved by Loomis et at., using similar proce- 
dures, protection of 70,000 ha was as valuable as protection of 
the full 122,000 ha, suggesting that in this case the map had no 
effect (perhaps because respondents placed little value on the 
increase from 70,000 to 122,000 ha protected). 

In the other study that carefully alerted respondents to the 
presence of substitutes, Rowe et al. [1992] explained to a sam- 
ple asked to value prevention of only one moderate size oil 
spill in the next 5 years (a sample not reported in Table 2) that 
there were many other potential spills that would not be af- 
fected by their payment. This information was presented 
through the use of maps and verbal descriptions. However, the 
extra information had no effect on mean or median WTP. If 

the additional information removed any part-whole bias, one 
must conclude that respondents considered one moderate size 
spill in 5 years to be a perfect substitute for all spills, which is 
unlikely. Thus the evidence about the degree to which similar 
goods are considered substitutes, or the degree to which part- 
whole bias afflicts CV, and the evidence about the effect of 
information about substitutes in CV, are inconsistent, suggest- 
ing that we need to learn much more about how substitutes and 
information about them affect CV responses. 

We present below a study that provides evidence on the 
importance of information about substitutes to the resulting 
contingent values. In this study we attempted to control for 
information about substitutes indirectly. On the basis of re- 
spondents' past experience, we classified respondents into two 
groups, one that had recently visited the rivers to be protected 
and the other that had not. We expected that recent visitation 
would be associated with increased information about the riv- 

ers and their flow patterns and that this information would lead 
user respondents to be less likely to view alternative rivers as 
being close substitutes. Similarly, we expected that nonusers 
would be more likely to view separate rivers as members of a 
more homogeneous class of goods. Thus we hypothesized that 
recent users would be less likely to allocate all their WTP to 
only one river, even if only presented with an opportunity to 
protect flow in one river. 

Another Test of Part-Whole Valuation Effects 

We asked separate samples about their WTP to protect 
instream flow in either one or five Montana rivers. The group 
of five rivers included the river valued by the single-river sam- 
ple. After obtaining the five-river bid, we asked those respon- 

dents to allocate their bid by percentage among the five rivers 
(we did not specify a valuation path). Thus, in the context of 
the taxonomy provided in Table 2, the current study is of the 
"allocation" type. 

We expected that instream flow preservation on an individ- 
ual river was neither independent nor a perfect substitute of 
instream flow preservation on another river. Rather, we hy- 
pothesized that the five rivers would be considered imperfect 
substitutes in flow preservation. Specifically, our null hypoth- 
esis H• was that v(c) > v(#•) > v(#•)', where #• is the 
individual river, c is the five-river composite good, and v( # •)' 
is the value of #• assigned as a percentage of the composite 
value. In terms of the Table 1 categorization, we hypothesized 
that case 8 applies, but we would be unable to distinguish case 
8 from case 6. 

To develop a functional equivalent of H•, suppose that a 
total WTP (w) function can be estimated for the given change 
across a set of homogeneous rivers as 

w = f(n, .•) (1) 
where n is quantity demanded (rivers protected) and • is a 
vector of explanatory variables. By the nonsatiation axiom of 
consumption theory and the judgment that different rivers are 
not perfect substitutes, we expected the first derivative, Ow/On, 
to be greater than zero (that total WTP was a positive function 
of quantity demanded). By the law of demand and the usual 
convexity assumptions, plus the judgment that the rivers are 
not complements or independent in valuation, we expected the 
second derivative, 02w/O2rt, to be negative (that marginal 
WTP is an inverse function of quantity demanded). 

Given a double-log specification of the total WTP function, 
these two hypotheses (Ow/On > 0 and 02w/O2rt < 0) can be 
made explicit in terms of function parameters. Using a dichot- 
omous choice ("yes" or "no" to the posited payment amount) 
CV, the variables could be made explicit as 

In (p/(1 -p)) = b0 + b• In (t) + b2 In (n) + • bi In (xi) 
i 

(2) 
where p are observed proportions of respondents who say 
"yes" to the posited payment amount t, bi are estimated pa- 
rameters, n is number of rivers protected, and x i are other 
explanatory variables. It can be shown that Ow/On > 0 if 
-b2/b • > 0 (this is found by solving (2) for t, which becomes 
w, and then taking Ow/On). And it can be shown that 02w/O2rt 
< 0 when 0 < -b 2/b • < 1. Thus the functional equivalent of 
our first hypothesis, which we label Hi, is that the parameters 
of the total WTP response function (as in (2)) would satisfy 0 
< -b2/b• < 1. 

In addition to H• and Hi about the entire sample of re- 
spondents, we examined the difference in substitution among 
rivers between recent users and nonusers. We hypothesized 
that WTP would be more sensitive to number of rivers being 
valued for respondents who had recently visited the rivers than 
for respondents who had not recently visited the rivers. Spe- 
cifically, our null hypothesis H 2 was that d = [v(c) - v( g•)]/ 
v(g•) would be greater for users than for nonusers. The dif- 
ference v(c) - v( g l) was divided by v( g l) to adjust for the 
effect of magnitude, based on the expectation (as found by 
Whitehead and Blomquist [1991]) that past users' WTP would 
exceed nonusers' WTP. 

Of course, a greater difference d for users than for nonusers 
could occur because users placed more use value, but not more 
nonuse value, on streamflow enhancement in five rivers than 



2346 BROWN AND DUFFIELD: PART-WHOLE VALUATION EFFECTS 

on flow enhancement in only one river. Only if the difference 
in d between users and nonusers is attributable to the differ- 

ence in nonuse value between the two groups do we have any 
evidence that knowledge about substitutes affects nonuse 
value. Fortunately, our data help to sort this out, because we 
asked respondents to allocate their bids between use and non- 
use value. Our hypothesis (H2) was that the greater d for users 
than for nonusers would be largely attributable to nonuse 
value. 

Methods 

A regional household mail survey was designed to measure 
the level and extent of indirect or preservation values associ- 
ated with instream flows. Because of the need to ask some 

respondents to value protection of a group of rivers, the defi- 
nition of precise site-specific flow increments at each river 
would have been quite confusing and was not attempted. In- 
stead, the flow increments were more generally specified. The 
degree of detail in the specification of the goods was designed 
to simulate a workable trust fund mailing and thereby provide 
an estimate of effective demand for a trust fund. 

The Survey 

The sampling goal was to obtain responses from a wide 
range of people in the region where the target rivers were 
located, rather than obtain a probability sample representing 
the views of a specifically defined regional population. Six 
populations at varying distances from the study rivers were 
sampled: people listed in the current telephone directories for 
five Montana areas (Billings, the Bitterroot Valley, Butte, Hel- 
ena, and Missoula) and one nearby area in Washington (Spo- 
kane). 

Three different mail survey instruments were administered 
to each population. The three versions differed primarily in 
which river(s) were to be protected in the trust fund question. 
In addition to a Bitterroot River version and a Big Hole River 
version, a five-river (Bitterroot, Big Hole, Clark Fork, Gallatin, 
and Smith) version was used. In terms of the above hypotheses, 
# 1 is either the Bitterroot or the Big Hole, depending on which 
single-river version is used, and c is the five-river composite. 

A phone pretest of the mail survey was administered to 100 
Missoula area residents in September 1988 using the Big Hole 
survey version. The pretest was fashioned to establish the fea- 
sibility of the survey and to obtain preliminary estimates of the 
trust fund response, which were used to establish the range and 
distribution of the dichotomous choice dollar bid levels. 

A total of 1850 questionnaires were mailed out. The mailing 
procedure was based on Dillman's [1978] total design method 
and included the standard initial mailout with cover letter, 
questionnaire, and stamped return envelope. A postcard re- 
minder was sent 10 days after the initial mailout, and a second 
mailing was made to nonrespondents about 1 month later. 

Of the 1850 questionnaires mailed out, 140 were not deliv- 
erable and 582 were completed and returned, providing a 34% 
response rate. A scheduling problem with the mail survey, 
which may have contributed to the low response rate, was that 
the second mailing was delayed several weeks so as to not 
arrive just before Christmas. 

A phone survey of 251 nonrespondents to the mailout, con- 
ducted in April 1989, used an abbreviated version of the mail 
survey. The main purpose of the nonresponse survey was to 
identify any significant differences between respondents and 

nonrespondents. Few differences between the mail respon- 
dents and nonrespondents were found. The primary difference 
was that users were more likely to respond to the mail ques- 
tionnaire than nonusers. Because users have a larger WTP for 
flow protection than do nonusers, a mail survey would there- 
fore overestimate the population's WTP. However, this differ- 
ence is not of concern for the present paper, where our pur- 
pose is to examine an individual measurement issue, and not to 
extrapolate a value to the larger population. 

The first section of the mail questionnaire asked about re- 
spondents' recreational use of rivers, including how frequently 
they and members of their household participated in river- 
related recreation, what activities they did on or along rivers, 
the types of experiences people desired, and the importance 
they placed on recreation compared to other uses of river 
water such as irrigation or hydropower. The second section 
asked about their past river recreation in general and their use 
of the target river(s), including number of visits in the past 
three years, activity participation, and encounters with low- 
flow conditions. 

The next section contained the CV questions. They were 
prefaced by a series of four questions designed to measure 
respondents' familiarity and experience with the general ob- 
jective of increasing instream flows (e.g., "Did you know that 
the Montana Department of Fish, Wildlife, and Parks has 
purchased water from reservoirs during recent drought years 
to maintain adequate flow levels on Montana rivers?") and 
with the trust fund payment vehicle (e.g., "Have you ever 
donated money or time to a trust fund like this, or to other 
efforts to help conserve natural resources such as rivers or 
wildlife habitat?"). Problems associated with low flows, and the 
possible benefits if flows were increased, were described. The 
benefits included those related to recreational use ("people 
would be able to float the river later in the summer") and those 
not necessarily related to recreational use ("many species of 
birds, wildlife and plants would benefit; for example, better 
habitat would exist for osprey and river otters"). The state- 
ments also included a direct appeal to nonusers ("Even if you 
don't use the • River for recreation, you would know you 
were helping to keep an important Montana river clean and 
healthy"). Mechanisms for providing additional flow were de- 
scribed. For example, in the Bitterroot River version, respon- 
dents were informed: "Water available in Painted Rocks Res- 

ervoir could be used to increase summertime flows in the 

Bitterroot. This water could be purchased when needed to 
avoid damaging low flows in the river. A trust fund could be 
developed specifically to purchase water when needed." 

The initial CV question was posed in a dichotomous choice 
format; respondents were asked if they would purchase, at a 
specific dollar amount (which varied from $5 to $300), an 
annual membership in a trust fund to buy water when needed. 
If the respondents said "no," they were asked if they would pay 
at least $1 per year. If they said "yes" to either the initial or $1 
payment, they were asked to specify, in an open-ended format, 
the maximum amount they would pay for such a membership. 
Respondents to the five-river survey were then asked to ap- 
portion their total WTP among the five rivers. All respondents 
with positive WTP were asked to apportion their bid between 
"payment to guarantee high enough flows for boating and 
fishing when I actually visit the River for recreation, 
either now or in the future" and "payment for reasons other 
than my own use, such as just knowing that the • River has 



BROWN AND DUFFIELD: PART-WHOLE VALUATION EFFECTS 2347 

sufficient flows... or knowing that future generations will ben- 
efit." 

The questionnaire then asked (1) about opinions regarding 
who, if anyone, should be responsible for maintaining ade- 
quate flow levels, (2) about motives for preserving natural 
environments, and (3) about respondents' gender, employment 
status, education, income, and membership in organizations. 
The complete questionnaire is reproduced by Duffield et al. 
[1994]. 

Several payment vehicles were considered for this study. 
Entrance fee and recreation cost payment vehicles were re- 
jected because we wanted to survey nonusers. The choice be- 
tween a tax and a trust fund payment vehicle was based on the 
judgment that the trust fund vehicle had the greatest chance of 
actually being used. In fact, subsequent to this study, an in- 
stream flow trust fund was created by the Montana Legislature 
and another was tested for the Nature Conservancy [Duffield 
and Patterson, 1992]. Although it is feasible that a different 
payment vehicle would have yielded different WTP estimates, 
we doubt that a different payment vehicle would have yielded 
significantly different results vis h vis part-whole bias. 

CV Data Analysis 

We place primary emphasis on the dichotomous choice re- 
sponses, because the dichotomous choice question preceded 
the open-ended question, received a better response rate than 
the open-ended question, and is assumed to require less of the 
respondent. In any case, analysis showed that this single- 
bounded dichotomous choice model yielded the same conclu- 
sions as a more involved procedure that also utilized responses 
to the follow-up WTP questions. 

Our primary strategy was to develop a model with quantity 
(number of protected rivers) as a covariate and to identify the 
quantity-WTP relation analytically. Briefly, the WTP values 
were assumed to have a logistic distribution in the population 
of interest, conditional on the value of covariates. For the 
dichotomous choice response a statistical model was developed 
that relates the probability of a "yes" response to explanatory 
variables including the posited bid amount. The specific model 
is 

,r(t; X') = [1 + exp (-at- •/'•)]-• (3) 

where ,r(t; •) is the probability that an individual with covari- 
ate vector • is willing to pay the bid amount t. The parameters 
to be estimated are a and 4/' (the constant term is included in 
•). The equation to be estimated can be derived as 

L = In [p/(1 -p)] = at + •/'• (4) 

where L is the "logit" or log of the odds of a "yes" and p are 
observed response proportions. 

To obtain maximum likelihood estimates (MLEs) of the 
parameters in (4), we employed Cameron's [1988] alternative 
parameterization, which emphasizes the threshold motivation 
and the dependence of individual WTP on covariates and 
assumes the distribution of WTP conditional on • is logistic. 
An advantage of the reparameterized model is that the coef- 
ficients are more easily interpreted. For example, in a double- 
log specification, the coefficients are elasticity point estimates 
of the relation of WTP to a given covariate. A more thorough 
exposition of the methods we followed for estimating the di- 
chotomous choice model is presented by Duffield et al. [1992] in 
a paper based on on-site interviews at the Big Hole and Bit- 

terroot Rivers. Standard errors for the MLEs in Cameron's 

parameterization were calculated using the bootstrapping pro- 
cedure described by Duffield and Patterson [1991]. 

Our model assumes a constant elasticity of WTP with re- 
spect to number of rivers protected. There is perhaps some risk 
in treating the quantity variable as continuous because we have 
data for only two points, at one and five rivers. It is feasible that 
the elasticity of WTP with respect to number of rivers pro- 
tected would not be constant between these two points. 

Because the dichotomous choice contingent valuation ap- 
proach yields a distribution of WTP values, the question re- 
mains as to which parameter of the distribution to use as a 
welfare measure. A variety of welfare measures for dichoto- 
mous choice models have been proposed in the literature, 
including a truncated mean [Bishop and Heberlein, 1980], the 
overall mean [Johansson et al., 1989], and percentiles of the 
distribution, including the median [Hanemann, 1984, 1989]. 
For the case where WTP values are skewed, the median and 
the mean may differ considerably, as demonstrated, for exam- 
ple, by Bowker and Stoll [1988]. The median is generally much 
smaller than the mean for these types of models. We provide 
two estimates, the 75th percentile (which was similar to the 
truncated mean) and the median. We emphasize the 75th 
percentile in the presentation of hypothesis tests, but the me- 
dian tells essentially the same story. 

Results 

About 70% of the mail survey respondents were men, com- 
pared to about 50% of the Montana population, according to 
the 1980 census. The higher proportion of men in our sample 
likely resulted partly from the sampling method (more tele- 
phones are listed in names of males) and the nature of the 
study (women were less likely to participate in river recre- 
ation). Frost and McCool [1986], for example, found in their 
statewide survey that 70% of the men sampled had fished in 
the last 12 months, compared to 42% of the women. 

Results showed that visitation was strongly linked to dis- 
tance from the rivers; one or more visits to the target river(s) 
were made in the last three years by 85% of the respondents 
from the Bitterroot valley, 74% of the Butte residents, 65% of 
the Missoula residents, 37% of the Helena residents, 34% of 
the Billings residents, and 20% of the Spokane residents. The 
same patterns held for number of visits; 35% of the Bitterroot 
valley residents and 29% of the Butte residents had visited the 
river(s) 21 times or more, while none of the Spokane and 
Billings residents had visited so frequently. 

In general, people were somewhat familiar with the trust 
fund concept; 57% said they had heard of such funds, and 21% 
said they knew a fair amount about them. Thirty percent had 
donated money or time to natural resource conservation ef- 
forts, and about half knew of other people who had done so. 
However, 60% said they had never known about the state's 
past efforts to purchase flows when needed. 

Of the 555 respondents participating in the initial dichoto- 
mous choice WTP question, 7% indicated that they would pay 
the bid level for an annual membership in the trust fund, 50% 
said they would pay $1, and the remaining 43% were not 
willing to pay anything. Those unwilling to pay anything were 
asked in an open-ended question to explain why, and respon- 
dents identified as valuing instream flow but protesting the 
trust fund method of protecting flows were removed before 
WTP was estimated. 
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Table 3. Logit Model Variables 

Sample 
Variable Definition Means 

BID dollar bid (posited payment amount) for 
trust fund donation 

QUANT number of rivers protected by trust 2.350 
DIST distance (one-way miles) of respondent 159.342 

home from river(s) to be protected 
dummy variable for gender with value of 1 
for males 

dummy variable with value of 1 if visited this 
(any of these) river(s) in last three years 

SEX O.695 

USER 0.518 

1 mile equals 1.609 km. 

Value of Preserving Instream Flow 

For model specification the single-river (Bitterroot or Big 
Hole only) responses were combined with the multiple-river 
responses, and a "quantity of rivers protected" (QUANT) vari- 
able was included that took a value of one or five. This com- 

bination of Bitterroot and Big Hole surveys was supported by 
the finding that when a dummy variable for Bitterroot River 
surveys was included in the logit equations, the estimated co- 
efficient on this variable was not statistically significant. Ex- 
planatory variables included in the final model are listed in 
Table 3 and include posited bid and variables describing re- 
spondent characteristics and recreation behavior. 

The following logit model is based on information from the 
461 respondents who provided sufficiently complete answers to 
the dichotomous choice and other pertinent questions (t val- 
ues in parentheses): 

L = 2.5183 - 1.214011n (BID)] + 0.813011n (QUANT)] 
(1.643) (-6.234) (2.496) 

- 0.543511n (DIST)] + 1.01iS(USER) + 0.4381(SEX) 
(-2.109) (1.963) (0.941) (5) 

The maximum likelihood test of this model has a chi-square of 
131, which is significant at the 0.01 level. All independent 
variables but SEX were significant at the 0.05 level. The vari- 
ables of this equation have the expected signs: WTP increases 
with quantity of rivers protected and past use, and decreases 
with distance from the respondent's home to the river(s) pro- 
tected and with posited payment amount. 

Additional variables were also considered in modeling, in- 
cluding variables representing motives for preservation of nat- 
ural environments, income, and a variable for planned use in 
the next three years. The motive variables were correlated with 
past use variables and did not enter the same model as the use 
variables. Other variables were either insignificant or corre- 
lated with included variables (equations that utilize these ad- 
ditional variables are available in the work by Dufffield et al. 
[1994]). Numerous interactive variables were also constructed 
as products of Table 3 variables as well as other explored 
variables. The estimated parameters on these interactive vari- 
ables were not significant. 

The influence of quantity of rivers protected (QUANT) on 
estimated trust fund donation is displayed in Table 4, based on 
a reparameterization [Cameron, 1988] of (5) with variables 
other than QUANT held at their mean levels. The 75th per- 
centile individual donations were $4.02 for protection of one 
river, $6.40 for two rivers, and $11.82 for five rivers. Results for 

the logit median are also shown in Table 4. The corresponding 
marginal individual donations for the 75th percentile measure 
were $2.69 at one river protected, $2.14 at two, and $1.58 at 
five rivers protected. 

Part-Whole Valuation Effects 

Our first hypothesis requires point estimates of WTP for (1) 
a single river from the single-river subsample, v(#•), (2) the 
five-river composite from the five-river subsample, v(c), and 
(3) the portion of that composite WTP that was allocated to 
the single rivers of interest, v(#•)'. We hypothesized (H•) 
that v(c) > v( # •) > v( # •) '. As seen in Table 5, five-river 
WTP ($12.43) was significantly greater than single-river WTP 
($6.70) when user and nonuser responses were combined. This 
holds true for the combined (Big Hole + Bitterroot) sample, as 
displayed in Table 5, and for the individual Big Hole and 
Bitterroot samples (not presented in Table 5). The five-river 
respondents were asked to allocate their WTP among the five 
rivers. Forty-five percent of these respondents allocated 20% 
of their payment to each of the five rivers, whereas the remain- 
ing respondents showed some discrimination among the rivers, 
allocating unequal portions of their payment to individual riv- 
ers. Average percentage allocations were 23% for the Big 
Hole, 28% for the Bitterroot, and from 13% to 20% for each 
of the three other rivers. Using the average allocation of the 
composite (five-river) WTP to the Big Hole or Bitterroot 
River, of 25 %, yields an estimate for v( •7 •)' of $3.12. Thus the 
three values of our hypothesized relation are as expected: 
$12.43 > $6.70 > $3.12. These results suggest that for the 
respondents as a whole the individual rivers are partial substi- 
tutes in flow protection. Further, the allocation of the five-river 
bid to individual rivers is subject to value allocation bias (case 
8, Table 1), and the single-river value may be subject to partial 
embedding (case 6). 

Table 4. Individual Donations as a Function of Number of 

Rivers Protected 

Welfare Measure 

Number of 75th Percentile, Median, 
Rivers dollars dollars 

Individual Donation a 
1 4.02 1.63 

2 6.40 2.59 

3 8.39 3.40 
4 10.18 4.12 

5 11.82 4.78 

Marginal Individual Donation b 
1 2.69 1.09 

2 2.14 0.87 

3 1.87 0.76 
4 1.70 0.69 

5 1.58 0.64 

Values are in 1988 dollars. Results are for participants only (no 
adjustment for nonparticipation or nonresponse). 

aValues are based on the following equation, which is a reparam- 
eterization of (5), with variables other than QUANT set at their sam- 
ple means: WTP = 1.6273[p/(1 - p)]0.8237 (QUANTO.6697). The 
reparameterization is accomplished by solving (5) for BID and then 
replacing "BID" with "WTP." Sample means are given in Table 3. 
Variable p is set to 0.5 for the median and 0.75 for the 75th percentile 
measure. 

bValues are computed using the first derivative of WTP with respect 
to QUANT of the equation in note a. 
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An alternative hypothesis (Hi), consistent with consump- 
tion theory and our judgment of the nature of the goods at 
issue, was that the partial derivative of the total WTP function 
with respect to quantity would be positive and that the second 
partial derivative would be negative. For the functional form 
utilized in the reparameterized logit model (double log), these 
requirements are satisfied if the estimated parameter on quan- 
tity demanded, which is the elasticity of total WTP with respect 
to the number of rivers protected, is greater than zero and less 
than one. The hypothesis is accepted. The estimated parameter 
is -b2/b • = -(0.813/-1.214) = 0.67, whereb• andb 2 are 
the coefficients on In (BID) and In (QUANT), respectively, in 
(5). 

We also hypothesized that users' WTP would be more sen- 
sitive than nonusers' WTP to number of rivers protected. Spe- 
cifically, H 2 was that d = [v(c) - v(#•)]/v(#•) would be 
greater for users than for nonusers, with users defined as those 
who reported recreating at the river(s) in the past three years. 
This hypothesis was confirmed: d for users was 0.77, compared 
with -0.43 for nonusers. Further, users' WTP for protection of 
five rivers was significantly greater than users' WTP for pro- 
tection of only one river, but there was no significant difference 
between the measures for nonusers (Table 5). Note that this 
conclusion is tentative because of the small sample size for the 
five-river nonuser WTP estimate, which lowers the power of 
the significance test. The small sample size is also most likely 
the reason that the five-river estimate of nonuser WTP is 

actually smaller than the single-river estimate. 
If nonusers' WTP for protecting five rivers is allocated to the 

Big Hole or Bitterroot River according to the rule mentioned 
above, a WTP of about $0.50 results, which is considerably 
below the single-river bid reported in Table 5. On face value 
these results suggest that for nonusers either the rivers were 

Table 5. WTP to an Instream Flow Trust Fund by User 
and Survey Type 

Subsample Results 

Single River b Five Rivers t Statistic a 

SseFs c 

WTP, dollars 10.18 18.02 
N 153 116 

Standard error 2.57 4.97 

Nonusers 

WTP, dollars 3.55 2.02 
N 197 57 

Standard error 2.04 1.41 

Users Plus Nonusers 

WTP, dollars 6.70 12.43 
N 368 186 

Standard error 1.58 3.11 

-1.40' 

0.62 

-1.64'* 

Values are individual donations in 1988 dollars based on the 75th 

percentile welfare measure, computed from logit models developed for 
the subsamples. The t tests were performed on the basis of standard 
errors computed using a bootstrapping procedure [Duffield and Patter- 
son, 1991]. 

aResults are from a one-tailed t test of the hypothesis that the 
sample river mean is less than the five-river mean. A single asterisk 
indicates significance at a probability level of 0.05, a double asterisk at 
the 0.01 level. 

bResults are from combined Big Hole and Bitterroot samples. 
CUsers are defined by response to the question, Have you visited this 

(these) river(s) in the last three years? 

perfect substitutes and respondents were subject to value allo- 
cation bias (case 7, Table 1), or the rivers were imperfect 
substitutes but respondents were subject to pure embedding 
(case 5). 

Additionally, we hypothesized that the greater d for users 
than for nonusers would be largely attributable to nonuse 
value, not to use value. Users in both the single- and five-river 
samples allocated about two thirds of their bids to nonuse 
motives. Applying the nonuse percentage to the 75th percen- 
tile measures of WTP reported in Table 5 yields estimates of 
nonuse WTP of users of $12.25 for the five-river subsample 
and $6.82 for the one-river subsample, yielding a d of 0.80, very 
similar to the d for total WTP of 0.77. 

Discussion 

These results provide evidence that CV of environmental 
goods, even when using a trust fund (i.e., donation) payment 
vehicle, produces estimates that are consistent with consump- 
tion theory. Similar but distinct goods (separate rivers) were 
considered by the full sample of respondents as imperfect 
substitutes for each other. The average respondent would do- 
nate more if more rivers were protected, although the amount 
for each additional river was declining. Because the basic ele- 
ments of the consumption theory model are derived from the 
standard constrained maximization formulation, these results 
provide some insights into characterizing the trust fund phe- 
nomenon. It appears that trust fund donations can be modeled 
like the purchase of most other commodities and that these 
purchases reflect the presence of a single budget constraint. 
However, we could not reject the possibility that partial em- 
bedding also affected the results. 

Importantly, the results also show that the positive relation 
of number of rivers protected to WTP was attributable to the 
responses of past users, not past nonusers. Although users' 
WTP was sensitive to quantity of rivers protected, nonusers' 
WTP was not. Two possibilities are presented: Either use of 
the rivers decreased the degree to which similar goods were 
considered substitutes in valuation, or use of the rivers de- 
creased the propensity for pure embedding. Following the first 
possibility, perhaps for nonusers the essential notion was that 
they were helping to protect rivers; the actual number of rivers 
was not very important, and the individual rivers easily substi- 
tuted for each other. To us, this seems more plausible than to 
conclude that the rivers were considered imperfect substitutes 
by nonusers but that nonusers, unlike users, were subject to 
pure embedding. However, this interpretation of the nonusers' 
responses is tentative, because we do not know how the non- 
users bidding about only one river would have responded if 
they had been made aware of the existence of other rivers in 
the area that experienced low flows. 

If we view demand for goods as resulting from human effort 
to satisfy objectives, following Hicks [1956] and Morishima 
[1959], different levels of substitutability for different consumer 
segments seem reasonable. Possible consumer objectives in 
donating to an instream flow trust fund include, in order of 
increasing specificity, contributing to a worthy cause, helping 
the environment, protecting aquatic environments, enhancing 
fish populations, and protecting or enhancing the environment 
of a specific river. In addition, potential users of the sites may 
also donate to improve the quality of their recreation outings. 
It seems likely that some people will lack specific objectives 
that are satisfied by enhanced streamflow; their bids satisfy the 
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general objective of contributing to a worthy cause and per- 
haps also the objective of helping the environment. For these 
people, alternative rivers protected, and perhaps many other 
public goods, may be perfect substitutes. Other people will 
hold objectives that are specifically satisfied by flow enhance- 
ment. Still others will hold objectives that are satisfied by flow 
enhancement in specific locations. Of course, these latter 
groups may also hold the more general objective of contribut- 
ing to a worthy cause. For such people, alternative rivers are 
more likely to be only partial substitutes. 

Our instream flow trust fund results suggest that past use 
was associated with donation objectives that were sensitive to 
the number of rivers to be protected, leading past users to 
consider protection of alternative rivers as only imperfect sub- 
stitutes, not perfect substitutes. However, as a qualification, we 
note that our conclusion relies on respondents' own allocations 
of WTP to use and nonuse motives. Additionally, we surveyed 
only a small sample of nonusers. But, in combination with the 
studies listed in Table 2, the results suggest that information 
about substitutes influences CV estimates of WTP, suggesting 
in turn that CV surveys should include information about rel- 
evant substitutes. 

This suggestion, however, begs the question, What are rel- 
evant substitutes? Clearly, substitutes that cannot be pur- 
chased should not be mentioned to respondents. For example, 
rivers that lack options for purchasing water that could be used 
to augment streamflow during dry times should not be men- 
tioned to respondents to an instream flow questionnaire such 
as the one used for this study. And completely different types 
of goods should probably not be mentioned. For example, 
options for donating to a fund to protect rain forests seems a 
little far afield of options for protecting rivers in Montana. 
However, there is still likely to be a large number of feasible 
and reasonably similar substitutes for the respondent's pay- 
ment, all of which could be mentioned. 

A further question is, How should the relevant substitutes be 
presented? One alternative is to implement the top down dis- 
aggregation method (the "allocation" method in Table 2) 
(Kemp and Maxwell [1992] show how this approach can be 
taken to extremes to produce a very small value). Here the 
good of interest is valued as a subset of a composite good. 
Another approach is to describe the good of interest and the 
substitutes before asking respondents to value the good of 
interest ("aware of c" in Table 2). There are other approaches. 
Because the approach will likely influence the result, this ques- 
tion as well is important. 

In light of the conclusion that CV estimates of WTP are 
sensitive to information about substitutes, the pessimistic view 
is that the CV survey itself constructs values, that the survey 
designer determines the outcome. The more optimistic view is 
that a good CV offers the respondent the proper information 
to construct a value. Papers by Lazo et al. [1992] and Gregory et 
al. [1993] have taken this more optimistic view. Resolution of 
this complex issue will depend in part on additional empirical 
work investigating respondents' sensitivity to alternative pre- 
sentations of information in CV surveys. 
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