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Allocation of water between instream uscs such as recreation and consumptive uses such as
irrigation is an important public policy issuc in the western United States, One basis for identifying
appropriute levels of instream flows is maximization of net economic benefits, A general framework for
estimating the recreational value of instream flows was developed and applied to Montana’s Big Hole
and Bilterroot rivers. The paper also provides a synthesis of methods for interpreting covariate effects
in dichotomous choice contingent valuation models. Precision of the estimates is examined through a
simulation approach. The marginal recreational value of instream flow in these rivers is in the range of
$50 per acre fool (1 ucre foot equals 1233.5 m?) for recreation at low-flow levels plus $25 per acre foot
for downstream hydroeleciric generation. These values indicatc that at some flow levels, gains may be
achieved on the study nivers by reallocating water from consumptive to instream uses.

INTRODUCTION

The allocation of water among competing uses is an
increasingly important public policy issue, especially in the
western United States. Instream water uscs have actively
Joined the competition, as policies of instrcam flow reserva-
tion have emerged in many statcs [McKinnev and Tavior,
1988; Reiser er al., 1989; Colby, 1990]. Montana's 1975
Water Use Act, for example, formally recognized instream
flow for recreational and other purposes as a beneficial use of
water.

Streamflow levels can influence recreation benefits
through a variety of mechanisms. Flow levels directly influ-
ence the quality of whitewater boating experiences [Brown
et al., 1991] as well as stream aesthetics for general shoreline
use [Brown and Daniel, 1991]. Streamflow at any given time
affects fishing via influences on the locations, distribution,
and behavior of fish and aquatic insects. Flow levels also
directly affect recreation carrying capacity; for example, the
number of anglers that can use the same stretch of river at
any one time without congestion problems may increase
with flow. Over time, streamflows affect fish stock levels and
associated angler catch rates [Johnson and Adams, 1988], as
well as general recreation and aesthetics via cffects on
streamside vegetation [Shelby et al., 1992].

Instream ow reservation requests to protect fish, wildlife,
and recreation resources in Montana to date have been
based on a modecl that relates discharge to the wetted
perimeter of the stream cross section [Leathe and Nelson,
1986]. As Ward [1987] notes, the use of largely hydrological
and biological criteria is typical of streamflow studies. An
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alternative basis for identifying appropriate levels of in-
stream flow is to compare the economic values of instream
flow to the values of compeling consumptive uses such as
irrigation or municipal withdrawals. Consumptive uses are
typically marketed commodities or inputs to marketed com-
modities, so their values are relatively well understood.
However, instream uses are generally not marketed, requir-
ing novel approaches for cstimating their economic value.

The purpose of this paper is to present and apply a general
framework relating alternative streamflow levels to eco-
nomic net benefits [L/.5. Water Resources Council, 1983].
We estimate net benefits with contingent valuation but
utilize observed behavior where feasible. Qur model of the
effect of streamflow on recreational participation is based on
observed use and actual flow conditions. Similarly, our
model of the relationship of willingness to pay and flow
conditions is based on responses obtained for experienced
environmental conditions.

The specific valuation method used in this study is the
dichotomous choice or referendum question format. This
relatively new approach [Bishop and Heberlein, 1979] ap-
pears to overcome some of the potential bias and participa-
tion problems of the bidding game and open-ended formats.
In order to utilize dichotomous choice we draw on recent
work that examines the relationship between the welfare
measure and covariates in these types of models [Cameron,
1988; Parterson and Duffield, 19911, We provide a synthesis
and application of methods for interpreting the effect of
covariates in contingent valuation models and show that
covariate effects can be defined for a variety of welfare
measures. Specifically, we examine the influence of stream-
flow levels on respondent willingness to pay for the current
recreational trip. Transformation of the bid variable in our
logistic regression model is investigated using a Box-Cox
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procedure [Box and Cox, 1964] and measures of precision for
our estimates are computed via a simulation [Krinsky and
Robb, 1986] approach.

We demonstraie these methods for two Montana rivers,
the Big Hole and Bitterroot. Both rivers are “*blue ribbon™
trout fisheries that are sometimes subject to severe dewaler-
ing during the summer irrigation season. While both rivers
are important fisheries, there are differences between the
two that provide the opportunity for interesting compari-
sons. The Big Hole is nationally acclaimed for its wild trout
fishery; use in the study section is dominated by anglers. The
Bitterroot is also a good fishery, but is less well known
outside the local arca, and receives over half of its use from
floaters and general shoreline recreationists.

BACKGROUND

Previous economic studies of instream uscs have mea-
sured the effect of flows on either the quality of the experi-
ence [Walsh et al., 1980; Daubert and Young, 1981; Boyle et
al., \988: Johnson and Adams, 1988] or on participation
[Naravanan, 1986; Ward, 1987]. Both of the latter studies
basically used the travel cost method to establish the value
of a given recreational trip, with the effect of flows estimated
via a ‘‘contingent behavior’” question relaling participation
to flow. In the other studies, which focused on recreation
quality, respondents were asked to evalnate sceparios of
alternative recreational experiences. For example, Johnson
and Adams [1988] asked anglers to value increments in catch
rates, and Daubert and Young [1981] asked anglers, white-
water boaters, and shoreline users to value alternative flow
scenarios depicted by color photos. Walsh et al. [1980]
perhaps came closest to modeling both quality and partici-
pation effects of flow when they queried river users with
both flow and congestion sccnarios; however, parlicipation
was not modeled explicitly.

All but one of these studies measured the concurrent
relationship of streamflow and recreation benefits. The ex-
ception was Johnson and Adams’ [1988] innovative study
which utilized a multiperied biological model to link the time
path of streamflows and the resulting catchable fish stocks.

An empirical focus that ignores one or more aspect of the
complete streamflow-benefil relationship may be entirely
appropriate. For example, the Boyle er al. [1988] study of
whitewater boating in the Grand Canyvon of the Colorado
ignored the effect of flows on participation because use was
controlled by permit and essentially fully allocated at all
times. Nevertheless, what is absent from the literaturc is a
general model that can measure the full range of possible
influences of streamflow on recreation benefits,

We present a general multiperiod framework for estimat-
ing the recreation value of instream flows that includes the
direct effect of flows on both trip valuation (quality change)
and participation. Additionally, the model can incorporate
the indirect effects of flows on trip values (for example,
congestion effects) as well as multiperiod lagged etfects such
as the streamflow-angler success relationship.

GENERAL FRAMEWORK FOR YALUING
INSTREAM Fiows

The present net worth (PNW) of the recreational benefits
of a given river resource can be represented in a discrete
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time period model (where lime can be in annual, seasonal, or
daily units). Recreational benefits are a multiplicative func-
tion of participation and the welfare measure for homoge-
neous units of recreational use. The lalter 15 typically a
compensating variation measure [Hicks, 1943} of willingness
to pay per day of activity., These elements are in turn a
function of a variety of environmental and social factors.
The model 1s given by

L

PRW (0) = > R(Q,, Z)W,[Q,, R,(-),

=0
SAQ, ), Xl v ™ (D

where ( is the vector of the ¢, daily or seasonal stream-
flows, r is the discount rate, R, is the measure of recreational
participation in period £, W, is a mcasure of individual net
willingness to pay in period £, §, is a measure of recreational
quality such as angler success, a indicates a lag period for
biological effects, Z is a vector of site environmental condi-
tions in period f, and X is a vector of socioeconomic factors
such as income and preferences.

The basic structure of this model reflects Bradford’s [1970]
aggregate bid function. Because this model is limited to
direct recreational usc, it does not provide a measure of
indirect values (such as existence, option, or bequest values
[Krutilla, 1967]) that may be associated with adequate
streamflows. Addressing indirect values would require a
sample [rame based on households rather than onsite users.
For studies of indirect benefits of instream flow, see Duffield
et al. [1991] and Sanders et al. [1990].

The valuc of a unit change in flows far any time period ¢ is
given by the partial total derivative of PNW with respect to
Q,. For example, when 7 corresponds to the current period:

d PNW aR, aw, oW, R,
—— =W, -+ R | —
dQ; ag, aQ, R, 00,
aw a8
+R1+u r+a —r+a (]+r)7a (2)
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The marginal value of a given unit of flow (e.g., dollars per
acre foot (1 acre foot equals 1233.5 m?) is the sum of the
effect of instream flows on participation, quality of the
recreational experience, and lagged effects.

In the context of this model, previous applications have
examined any one of the three major possible effects. The
applications by Naravanan [1986] and Ward [1987] mea-
sured the participation effect described by the first term in
(2), while applications by Walsh ef al. [1980], Daubert and
Young [1981], and Boyle er al. [1988] correspond to the
concurrent effects of instrcam flow on the quality of the
recreational experience {second term in equation (2)).
Johnson and Adams’ [1988] model is an cxample of a model
examining lagged effects, corresponding to the third term in
(2). It is possible that only one or two of the three terms may
be empirically significant for a given resource. However, it is
also possible that all three effects may be important. To the
extent that the signs on (he partial derivatives are positive in
the streamflow range of inlerest, an implication of this
framework is that previous estimales of recreational in-
stream flow values may be conservative.
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The specification here is only intended to illustrate the
basic types of linkages; additional elements are certainly
feasible. For example, one could easily incorporate a lagged
effect on participation into the model, perhaps reflecting how
previous success could influence current use levels. Simi-
larly, additional quality factors (lagged or unlugged) could be
introduced. The model could also be specitied for continuous
rather than discrete time. The marginal valuation given by
(2) is for a change over the time period; onc could also
compute the present net worth of a change in an annual flow
rcgime, or over several time periods, or for perpetuity.

EwmpIrICAL MODEL

The general framework described ahove is applied to two
rivers in a single-period model that integrates both partici-
pation and quality effects of streamflow on recreation. Esti-
mation of lagged effects was not feasible with existing data.
Accordingly, the estimates in this application may also be
conservalive,

We cstimate a single-period version of (2):

arT Wi )BR R( )8W 1)
- = . — . R
ag le aQ (

where T is total value for the period. This model incorpo-
rates both participation and quality cffccts based on actual
conditions. In the following two sections we describe our
empirical model for estimating the effect of flow level on
willingness to pay W(-) and then our model of participation,
R(-).

Dichotomous Choice Contingent Valuation

We use a dichotomous choice contingent valuation survey
to estimate the value of a recreation (rip. The trip is generally
considered the logical unit of anatysis for recreation behav-
ior [McConnell, 1975]. The hypothctical situation posed for
valuation of the current trip is an increase in trip expendi-
tures. This is both simple and relatively easily communi-
cated in an interview setting, which should minimize hypo-
thetical bias.

In dichotomous choice, individuals respond ‘“‘yes™ or
“no’” as to their willingness to pay (WTP) a given cash
amount for a specified commaodity or service, The advan-
tages of this approach, as compared to open-ended or
bidding game questions formats, have been discussed else-
where |Bovle and Bishop, 1988; Bowker and Stofl, 1988].
The disadvantage of this approach is that analysis and
intcrpretation are relatively complex, since WTP must be
inferred from visitor yes/no responses, rather than elicited
directly from each respondent.

Two basic approaches have heen used in past studies to
incorporate flow level into a valvation model. The first uses
what Boyle ef al. [1988] called ““unexperienced scenarios.””
Daubert and Young [1981] used this approach when they
asked respondents for their WTP given alternative flow
levels depicted by photos, as did Bovle ct al. when they
asked respondents to value specific flow levels based on
descriptions of the recreation experience corresponding to
those flows. The second approach is to include actual Gi.e.,
experienced) flow levels as an explanatory variable in the
logistic regression estimate. Boyle et al. used this approach
to compute welfare estimates conditional on several discrete
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flow levels. We chose this latter approach, but in ¢ontrast to
the Boyle et al. study we estimate a continuous relation
between value and flow.

Our general strategy is to develop a model with instream
flow as a covariate and to identify the relationship of flow
and valuation analytically. Accordingly, in the discussion ol
the empirical valuation model that follows, the choice of
specification and welfare mcasure is influenced by whether
covariate effects can be derived. This emphasis is somecwhat
different from that of most contingent valuation literature
where the focus is simply on valuation. Because of model
complexity, only recently have investigators begun to ex-
plore the influence of covariates on welfare measures in
dichotomous choice models [Seller et af., 1986; Cameron,
1988]. We derive an empirical model for which derivatives
are defined tor a variety of welfare measures.

Hanemann [1984] has investigated the theoretical motiva-
tion tor dichotomous choice models. He provides both a
utility difference approach and an alternative derivation
based on the relationship of the individual’s unobserved true
valuation compared to the offered threshold sum (see also
Cameron [1988]). In the latter, it is assumed that if each
individuat has a true WTP, then the individual will respond
positively to a given bid only if his WTP is greater than the
bid, For example, suppose thal an individual 1s conlronted
with an offered price (r) for access to a given resource or
recreational site. The probability of accepting this offer ={1),
given the individual’s true (unobserved) WTD, is then

w(t) = PH{WTP > ) =1— F(¢) (4)
where F is a cumulative distribution function (cdf) of the
WTP values in the population. Tn the logit model, F(-) is the
cdf of a logistic variate, and in the probit maodel, F('} is the
edl of a normal variate.,

The specification of this mode! can be briefly illustrated for
the case where the WTP values are assumed to have a
logistic distribution in the population of interest, conditional
on the value of covariates. A statistical model is developed
that relates the probability of a “*yes’ response to explana-
tory variables such as the bid amount, preferences, income,
and other standard demand shifter-type variables. The spe-
cific model is

w B ={l +exp (—at — §'5)]7" (5

where (¢; £) is the probability that an individual with
covariate vector £ is willing to pay the bid amount ¢. The
parameters to be estimated are a and ¥’ (the constant term is
included in £}. The equation to be estimated can be derived
as

L= In[p/(l—pY|=at+ §'F (6)
where L is the “*logit” or log ol the odds of & *"yves™ and p are
observed response proportions. In application, the logit and
probit models are so similar that it is difficult to justity one
over the other on the basis of goodness of fit. We choose to
use the logistic specification here because the probit modcl
does not produce a closed form cumulative density function
and our preference is to work with the logit model.
Maximum likelihood estimates (MLEs) of the parameters
in (6) can be obtained with a conventional logistic regression
program. Cameran [1988] has provided an alternative pa-
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rameterization of this model that emphasizes the threshold
motivation and the dependence of individual WTP on cova-
riates. In Cameron’s derivation the distribution of WTP

conditional on £ is logistic with mean B’ % and scale
parameter k (standard deviation wk/3/3 or

wles D=1 F(e; B, k) = [1 4 exp (tk — Breth)] !
N

where F(-; u, k) is the cumulative distribution function of a
logistic random variable with mean g and scale parameter k.
Directly estimating the alternative parameterization requires
a general maximum likelihood program. However, because
of the MLE invariance property, these parameters can be
derived from MLEs for the conventional parameterization
[Cameron, 1988]. Given the p + 1 parameters of the two
models, B* = (k, B) and 3* = {a, 3), there is a one-to-one
correspondence between the paramcter sets or

g(¥7*) = (—Va, —y)Ja, -+, —y,la)=p* (8)
A recent paper by Schuliz and Lindsay [1990] reports both
forms of the model (for a groundwater valuation study).
However, their paper does not report standard errors for the
reparameterized estimates. It has been shown that asymp-
totic standard errors for the MLEs in Cameron’s parameter-
ization can be calculated from the estimated asymptotic
covariance matrix for the conventional parameterization
[Patterson and Duffield, 1991]. We provide an application of
that procedure. An advantage of the reparameterized model
is that the coeflicients are more easily interpreted. For
example, in a log-log specification the coefficients are elas-
ticity point estimates of the relationship of willingness to pay
and a given covariate. For this reason, we report our
estimates in the alternative parameterization form of the
model.

Hanemann [1984] has shown that the linear specification
in (6) is consistent with utility maximization based on his
utility difference motivation. However, Cameron [1988] ar-
gues that from the standpoint of the threshold motivation
any of a varicty of WTP distributions are theoretically
plausible. This implies that the choice of functional form for
F(-) should be based on empirical considerations. Many
investigators [e.g., Bovle and Bishop, 1988; Bowker and
Stoll, 1988] have found that WTP distributions are skewed to
the right. In these cases a better estimate may be obtained
with a log-logistic model (replacing ¢ in (6) with log #}). We
examine a range of Box-Cox transformation parameters [Box
and Cox, 1964] to see whether the true transformation of the
bid variable is close Lo linear or closer to log (or in between).

The responses to our specific valuation questions (de-
scribed below) provide a Hicksian compensating variation
measure [Hicks, 1943] of welfare change for increments of
recreational services. However, because the dichotomous
choice contingent valuation approach yields a distribution of
WTP values, the question remains as to which parameter of
the distribution to use as a welfare measure. A variety of
welfare measures for dichotomous choice models have been
proposed in the literature, including a truncated mean [Bish-
op and Heberlein, 1979], the overall mean [Johansson et al.,
1989], and percentiles of the distribution, including the
median [Hanemann, 1984, 1989]. In all cases the distribution
of F is assumed to be continuous and nonnegative.

For the log-logistic model the mean is given by
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wiXx}=exp (—%'&Ha)I(1 + l/a)T'(1 - l/a)

=exp (B'DOT(I —KT(1+4) (9

where I'(") is the gamma function. We¢ assume that £ < 1 so
that the mean exists (otherwise the mean is infinite). The pth
quantile is given by ‘ .

7,(8) = exp (7" Ha)[pi(1 - )]

=exp (B'0[p/0-p)1* (10)

Of course, when p = (.5, (10) provides an estimate of the
median. For the case where WTP values are skewed the
median and the mean may differ considerably, as demon-
strated in previous studies {e.g., Bowker and Stoll, 1988]. As
Hanemann [1989] has discussed, choice of the welfare
measure is a value judgement in that there is an implicit
weighing of whose values are to count. Hanemann suggests
75th percentile as an alternative. We report all three mea-
sures: the overall mean, the median, and the 75th percentile,
with an emphasis on the 75th percentile. The overall mean is
the correct measure to use for aggregation [Johansson et al..
1989] but requires extrapolation beyond the range of the
data. This is true for both the logit and probit models with
the bid variable logged, although at least for the probit the
overall means are always defined. The median is generally
much smaller than the mean for these types of models. We
view the 75th percentile as a compromise measure in the
sense that {given the skewness of the estimated distribu-
tions) it is conservative compared to the overall mean but
less so than the median. The other widely used measure for
these models, the truncated mean [Bishop and Heberlein,
1979], also has the property of approaching the overall mean
in value but staying within the range of the available data (for
a recent example, see Shultz and Lindsay [1950]). We prefer
the percentile measure for this application because deriva-
tives can be defined in closed form.

The partial derivatives of (9) and (10} with respect to a
covariate x are

(%)
B o (—vieIn® = Ba® ()
ax;

an (%)

1;; = (—yda)ny(X) = Bin,(X) (12)

Obviously, these partial derivatives have the same form. The
elasticity of either welfare measure with respect to a linear
covariate x; is equal to — v;x,/a = B;x;. For log transformed
variables, elasticity is given by —vy;/a = B;. Thus a propor-
tional change in either of these measures with respect to a
fixed change in x; is constant [Patterson and Duffield, 1991].
This interesting result applies to a broad range of welfare
measures, including the mean and any percentile of the WTP
distribution. Again, it may be noted that the widely used
truncatied mean welfare measure does nmot have defined
derivatives.

Participation

Another element in our flow valuation model (equation (3)}
is R(Q, Z). R(*) is use per period (e.g., day) for a given
recreation site. This is modeled as a second- (or higher)
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order polynomial in the flow variable () plus an assumed
linear relationship to a vector of other explanatory variables
(7), such as a weekend/weekday dummy variuble and a
weather variable, that might affect daily use, or

R(Q)=by+ 56,0+ b0° + D bZ;
t=3

(13)

In contrast to this specification, Naravanan [1986] uses a
logistic model to measure participation. The limitation of the
logistic specification is that use is not necessarily a continu-
ous positive function of flows; rather 1t will likely turn
negative as flows reach very high levels. A second-order or
higher polynomial specification (depending on signs of esti-
mated paramcters) may permit identification of an optimal
flow level in terms of participation. Equation (13) can be
estimated using ordinary least squares.

Precision of the Estimates

Previous studies of instream flow values have not exam-
ined the precision of welfare estimates. However, recent
applications to related nonmarket valuation issues have
reported standard errors for dichotomous choice contingent
valation [Kealy et al., 1988; Dufficld and Patierson, 1989,
Park ¢t al., 1989). Because of model complexity, we utilize
the simulation approach described by Krinsky and Robb
[1986] to estimate standard errors for marginal total instrcam
flow value (37/0Q) as well as all other terms in (3). It would
be very difficult if not impossible to ¢stimate these standard
errors through analytical procedures. Using IMSL SFUN/
LIBRARY, version 2.1, we drew 1000 repetitions from the
asymptotic multivariate normal distributions for the esti-
mated parameters. It should be noted that **bootstrapping™’
procedures are somewhat different in that one draws [rom
distributions based on the original data [Duffield and Parter-
son, 1991].

AppPLICATION TO THE Bic HoLe
AND BITTERROOT RIVERS

The Big Hole River starts near Jackson, Montana, in a
broad valley bounded by the Bitterroot, Pioneer, and Pintler
mountains. It circles around the Pioneers to where it joins
the Beaverhead (to form the Jefferson) at Twin Bridges. In
the middle section of the river, between Wise River and
Melrose, the valley narrows to a canyon, which is world-
renowned for its dry fly fishing for browns and rainbows.
Particularly during the salmon fly hatch in mid-June, the
river attracts anglers from across the nation.

The Bitterroot is also a good fishery but receives the bulk
of its use from floaters and general shoreline recreationists.
This river flows north from the junction of the East and West
Forks south of Darby, Montana, to where it joins the Clark
Fork in Missoula. While the Big Hole has a well-defined and
generally stable streambed, the Bitterroot is a river on the
move, constantly redefining its course through braided chan-
nels lined with cottonwoods. The Bitterroot has a major
reservoir (Painted Rocks) on its West Fork tributary, from
which the Montana Department of Fish, Wildlife, and Parks
(DFWP) has in recent years purchased water to supplement
summertime flows, The DFWP has monitored the effect of
Bitterroot flows on the fishery [Spoon, 1987] and has devel-

2173

oped specific minimum instream flow recommendations for
the entire Upper Missouri River Basin, which includes the
Big Hole.

Like most Montana streams, the Big Hole and Bitterroot
have pronounced seasonal variation, with snowmelt runoff
peaking in June and minimum flows occurring in August or
September. Both rivers have extensive historical flow
records maintained by the U.5. Geological Survey. Flow at
Melrase on the Big Hole has averaged 1153 cfs (32 m’/s)
(based on 65 vears of record), with mean June and August
flows of 4035 cfs (114 m*/s) and 479 cfs (13 m?/s), respec-
tively. Flow on the Bitterrool at Darby has averaged 909 cls
(25 m?3/s) (51 ycars of record), with mean June and August
flows of 3197 cfs (50 m?*/s) and 376 cfs (11 m?/s), respec-
tively.

Data Collection and Survey Design

Onsite surveys were conducted from May 1 to August 26,
1988. On the Big Hole River the study section was between
Wise River and Glen, a 43-mile section of the 129-mile-long
river. This section receives about 40% of total Big Hole
recreational use. Interviews were conducted at all nine
major river access sites in this section. Onsite interviews on
the Bitterroot were conducted at four river access sites
between Woodside Crossing and the Stevensville bridge.
This study section encompasses |8 river miles of the 83-mile-
long river and accounted for about 10% of total recreational
use on Lhe Bitterroot in 1985 based on McFarland [1989].

Interview days were randomly chosen over the May
through August summer scason and totaled 37 days on the
Big Hole and 34 days on the Bitterroot. During a typical
8-hour interview day, 2 hours were spent at each Bitterroot
access point, with time of day randomly varied across sites.
On the Big Hole, approximately 45 min were spent at each
access in the course of a day. There were 319 respondents on
the Bitterroot and 590 on the Big Hole. Since the sample
frame was similar on both rivers, the larger Big Hole sumple
reflects the higher use density on this river, particularly in
the carly season.

The onsite surveys gathered information from respondents
on a daily basis that could be correlated to daily river flows
measured at U.S. Geological Survey gauges along each
river. The interviews identified respondent characteristics,
river activity share, trip valuation, and total visitation. The
current trip valuation part ol the survey obtained the respon-
dent’s estimate of the monetary cost of the trip, und then
asked if the respondent **would still have visited™" the site if
his or her “‘personal expenscs were [offer price] more™
[Duffield et al., 1991, p. 126]. A limitation of this form of the
question is the ambiguity as to whether the ““price’” is higher
for all visits to the site or just for today’s visit. If respondents
do not assume that all visits have the higher price, there is a
conservative bias to the willingness-to-pay values, Details of
the survey instruments and interview schedule are provided
in the work by Duffield et al. [1991].

The selection of the bid range and the distribution of the
sample among the offer amounts followed procedures devel-
oped to minimize the standard crror of welfare cstimates in
logistic dichotomous choice models [Duffield and Patterson,
1991]. A previous contingent valuation study of Montana
stream anglers [Duffield and Allen, 1988] provided prior
estimates of the expected logistic distribution. A general
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TABLE 1. Activity Shares and Variable Mcans by River
Vuriable Menns
Subsample N Days Expense Distance Income Triptime Age
Bitterroot River
Resident float angler 37 1.03 17.24 18.29 15,294 6.21 37.19
Resident other 193 1.08 23.59 28.97 26,955 319 38.31
Nonresident float angler 7 2.71 342,85 818.5 46,071 16.00 32.86
Nonresident other 52 4.50 591.31 1289 46,34t 19.12 41.48
Big Hole River
Resident float angler 182 1.85 72.16 130.7 40,290 20.91 38.65
Resident other 175 1.85 48.43 85.7 27,978 20.48 41.88
Neonresident float angler 75 3.81 894.60 942.5 66,771 30.00 45,07
Nonresident other 121 3.29 717.26 1209 52,824 36.28 46,16

finding from Duffield and Patierson [1991] is that more
precise estimates of a given percentile welfare measure
result from allocation of @ higher proportion of the sample at
bid levels near the value of the welfare estimate. In this
application the bid range used was $1 to $2000 with a highcer
proportion of the sample allocated at the $250, $350, and
$500 bid levels.

Site and Respondent Characteristics

The mix of activity types differed across rivers. Eighty-
seven percent of the Big Hole respondents were fishing,
compared with only 419 of the Bitterroot respondents.
Although about 25% of users on both rivers fished from the
shore, there was much more float fishing on the Big Hole
(47%) than on the Bitterroot (149%) (Table 1). General
shoreline activities (picnicking, swimming, etc.) occupied
53% of Bitterroot users but enly 7% of Big Hole users.

The fume of the Big Hole's fishery is reflected in the type
of visitor it attracted in 1988, Thirty-six percent of Big Hole
users were from out of state, compared with 209% of Bitter-
root users. Mean household income of Big Hole visitors was
$41,500 compared to $31,000 on the Bitterroot. Eight percent
of Big Hole visitors were on guided trips, compared to only
0.3% on the Bitterroot. The typical trip to the Big Hole
entailed more time at the site (25.5 hours compared to 6.8 on
the Bitterroot), greater expense per person per trip ($329
verses $133), and was less [requently taken. The average Big
Hole respondent had already taken 2.8 trips to the river that
year, compared to 8.6 trips for the average Bitterroot re-
spondent. Additionally, 20% of Big Holc respondents con-
sidered the river to be crowded, while only 7% of Bitterroot
visitors thought that river was crowded. There were also
substantial differences in income, age, and days per trip
between residents and nonresidents on both rivers (Table 1,
variable definitions in Table 2).

The summer of 1988 happened (o be one of the driest on
record, and the Big Hole was particularly hard hit. July flow
on the Big Hole averaged only 306 cts (9 m?/s) or 23% of the
historical July flow as measurcd at the Melrose gauge (1346
cfs (38 m?3/s)). By August, flows averaged 92 cfs (3 m?*/s).
Flow in the Bitterroot also was below normal with August
discharge averaging 216 cfs (6 m3/s). (Bell Crossing gauge
and Darby gauge average), or 57% of the historical average
flow of 376 cfs (11 m?*/s) at Darby.

On the basis of individuals sampled per day, use peaked in
June on the Big Hole and July on the Bitterroot. Nonresident

use increased over time on both rivers. On the Bitterroot,
only 2% of May users were nonresidents, compared with
29% hy August. The absolute change was even more pro-
nounced on the Big Hole, going from 16% nonresident use in
May to 63% in August. While visits on the Bitterroot
averaged around 7 hours onsite throughout the summer, trip
length on the Big Hole changed from 17 hours onsite in May
to 50 hours in August.

For the complete sample the majority of users on both
rivers reported that the flow was adequate for their purposes
at the time of the interview. Only 19% of all Bitterroot
respondents and 31% of Big Hole respondents would have
preferred higher Mlows. However, for July-August, 3095 of
Bitterroot visitors and 59% of Big Hole visitors would have
preferred higher flows.

TABLE 2. Variable Definitions
Variable Definition
BIDT doliar bid offer tor current trip
Income household annual income in dollurs
TRIPTM hours on site for this trip

Q daily average flow in CF8 on study sections
bused on USGS gauges at Melrose (Big Hole)
and Darby and Bell Crossing (Bitterroot)

Age age of respondent

RES dummy variable with 1, Montana Resident; O,
nonresident

BITTER dummy variable with 1, visitor to Bitterroot
River; O, visitor to Big Hole River

FT.OATA dummy variable with 1, visitor is a floating
angler; 0, visilor engages in other activity

Nsample number of anglers interviewed on a specific day

Crowded perceplion of visitor as to how crowded the river
was ranging from 1, not crowded to 9, very
crowded

WEKEND dummy variable with 1. interview conducted on
weekend day; 0, weekday

Wind dummy variable with 1, strong winds on river; 0,

no strong winds

k scale parameter for the logistic distribution
(standard deviation is /3 %)

dummy variable with 1, cold temperature on
interview day; (), not cold

dummy variable with 1, a day when greater than
209 of anglers reported fishing the Salmon fly
hatch

Cold

SALDATE

Duys days per trip
FExpenses EXPENse per persan per trip
DIST on way travel distance in miles
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TABLE 3. Logistic Dichotomous Choice Model for Valuation of
Current Trip: Full Model

Variable  Standard  Asymptotic

Vuriahle Coeflicient Mean Error T Statistics
Intercept —3.8Y82 2.52479 —1.5439
k —(.7808 0.05871 —13.299*

In income 0.0452 11.513 0.14374 3.1496*
RES —{.1329 0.697 1.50960 —(.08R0

In age 0.9406 3.661 (1.36569 2.5720t
In ¢ 0.1988 6.629 (1.27569 0.7214
In TRIPTM —0.1701 1.913 1.53574 —(1L3182

BITTER ~3.5602 (1.344 1.68515 —2.1994+

BITTER*Ing 0.4571 2.204 0.24747 1.8471%
RES#Ing —0.1837 4.722 0.22640 —0.8159
TRIPTM*InQ 0.0578 12.752 0.08137 0.7111
FLOATA*Ing —-0.3264 2.607 0.27426 —1.1901
Crowded 00629 1.891 0.12803 0.4909
Nsample —0.007Y 17.546 0.01324 —0.5956
FLOATA 1.8636 0.357 1.92645 01.9674

N =732; -2 (Log likclihood) = 456.43; dependent variable is Log
(unobserved willingness to pay),

*Values are significant at 99% level.

fValues are significant at 95% level.

+Valucs are significant at 90% level.

A formal usc survey was beyond the resources available
for this study; we used individuals sampled per day as a
proxy for daily use levels. Individuals sampled per day is a
good index of daily use on the Ritterrcot because it was
always possible to sample all individuals observed al the
access sites during our selected interview times. On the Big
Hole, which was more crowded than the Bitterroot during
times of adequate flow levels, it was not always possiblc to
sample all observed individuals., Because our sampling pro-
cedure underestimated usc at higher flow levels, the partic-
ipation effect measured by the estimate of (13) for the Big
Hole is conservative.

Estimation Procedure

Models of current trip value (equation (6)} and recreation
participation (equation (13)) were estimated. For the former,
we examined a large subset of the theoretically plausible
independent varable combinations using the maximum like-
lihood logistic regression procedure in the work by SAS
Institute, Inc. [1988]. Likclihood ratio tests for the incremen-
tal contribution of specific variables or sets of variables were
uscd to test the hypothesis that the valuation function is
different for different user groups or at different locations.
Since a major focus of the model was on derivatives with
respect to discharge, interactive terms for residency status,
location {(river), trip length, and activity type with discharge
were specifically tested as detailed below, On the basis of
initial comparisons of alternative Box-Cox transformations
of the bid variable, we primarily worked with the log
transformation. A comparison of alternative transformations
for the final reduced model is described below, Ordinary
least squares regression results reported here for the rela-
tionship of participation to flow levels were computed with
the SAS Institute, Inc. [1988] stepwise regression procedure.
Models reported are based on the step with the last variable
included having an estimated coeflicient significant at the
90% level, based on a r lest. Table 2 provides definitions of
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independent variables for both the participation and valua-
tion models.

Current Trip Valuation

A logistic regression model that includes a complete set of
our theoretically plausible independent variables is summa-
rized in Table 3. Data from both rivers was pooled in order
to gain efficiency and to test the hypothesis that analogous
coefficients differ across locations. The estirnates were made
on an equation of the form of (6) and repuramelerized as in
(8) so that the dependent variable is the log of unobserved
willingness to puy. Standard errors arc derived following
Parterson and Duffield 11991], The model was reestimated
several times to test the contribution of sets of variables
based on likelihood ratio tests. It was found that the contri-
bution of variables to measure congestion and the interaction
of residency status, activity group, and length of trip with
discharge did not provide a significant improvement in the
likelihood ratio at the 90% level. Note that the finding of no
significant congestion eflect contrasts with Walsh et al.
[1980], who found that congestion had a significant cffect on
recreational trip value for a set of Colorado rivers. However,
it appears that on average the Colorado rivers are much
more crowded than the Montana study sites. The Colorado
sites average approximately 12 users/mile-day over the sam-
ple season, compared with about 2 users/mile-day on the Big
Hole and Bitterroot.

A reduced model is reported m Table 4. Allernative
transformations of the bid variable were examined using a
range ol 1.0 (o —1.0 for the Box-Cox transtormation param-
eler A (where the transformation is {(r* — 1)/A) [Box and
Cox, 1964]. With this paramcter at zero the model corre-
sponds to a log specification, and at A = 1, a linear transfor-
mation, A plot of the log likelihood statistic against A for the
variable set of Table 4 is shown in Figure 1. The log
likelihood is maximized at a A of —0.1 (log likelihood of
—229.4), but this transformation results in only a slight
improvement over the log transformation (—229.8). Both the
—0.1 and log transformations result in large and statistically
significant improvements over the linear model (log likeli-
hood of ~319.9). For convenicnce, we usc the transforma-
tion rounded to A = 0. Note that we conducted a line search
rather than optimizing the Box-Cox model explicitly.

TABLE 4. Logistic Pichotomous Choice Model for Valuation of
Current Trip: Reduced Model
Variable  Standard  Asymptotic
Variable Coefficicnt Mean Error T Statistics
intercept —3.3410 1.98459 —1.6833
k -0.7942 0.05824 —13.636*
In income 0.4412 10.296 0.14413 3.0614*
RES —1.3864 0.697 0.29178 —4.7513*
In age 0.9152 3.661 0.36247 2.524971
In Q@ 0.1361 6.629 0.14226 0.9568
In TRIPTM 0.2159 1.913 0.08907 2.4242%
BRITTER —-2.9574 0.344 1.41068 —2.09641
BITTER*In(? 0.3841 2.204 0.20554 1.8685%
FLOATA —0.4539 0.357 0.23933 —1.89671

N = 732; (—2% Log likelihood) = 459.62; dependent variable is
Log (unobserved willingness to pay),

*Values are significant at 99% level.

*Values are significant at 959 level,

tValues are significant at 90% level.
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model for a range of Box-Cox transformation parameters.

It was found that the relationship of discharge to WTP
varied significantly across rivers based on a likelihood ratio
test of the Bitterroot river dummy variable and discharge
interaction term. The elasticity of WTP with respect to
discharge is 0.14 on the Big Hole River but 0.52 on the
Bitterroot. This means, for example, that a 10% increment in
streamflow on the Bitterroot leads to a 5.29 increase in trip
value, other things equal. The bid variable is negatively
correlated with odds of a ‘‘yves™ response and is highly
significant. Income, tine on site, and age also have the
theoretically expected sign, are highly significant, and have
elasticities of 0.44, 0.22, and 0.92, respectively. The large,
negative and highly significant coefficient on the Bitterroot
dummy variable (location) indicates that trips on the Bitter-
root river are less valuable, other things equal. The only
coefficient sign that appears counterintuitive is the negative
sign on the float angler (activity group) dummy variable,
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indicating that, other things equal, these types of trips are
less valuable.

Recreation Use

The estimated use equation for the Bitterroot has expected
signs for discharge, weekends, and strong winds, and all
variables are highly significant (Table 5). In addition, dis-
charge squarcd and cubed are significant at the 99% level.
This polynomial fit to discharge indicates that use is initially
positively related to discharge, pcaks at some optimal flow
level {about 1100 foot?/s (31 m?/s) for this model), and then
declines. There is only one sign change for the derivative of
this function in the domain of the actual data on flows.
(There is an inflection point at about 4000 cfs (112 m?/s) and
a minimum value at about 6500 foot3/s (182 m’/s), well
beyond the observed range of 100 cfs (3 m?/s) to 2000 cfs (56
m?3/s)). This is consistent with the generul expectation that
use is low at very low flows and at flood levels and is
maximized at moderate flows. The equation for the Big Hole
shows significant correlations with expected signs for dis-
charge, discharge squared, and dummy variables for cold
temperatures and times when the salmon fly hatch is on. Use
levels on the Big Hole are maximized at flow levels of around
1800 foot*/s (50 m’/s). Other things being equal, when
salmon flies were present, use doubled.

Recreation Values of Instream Flows

Estimated net economic benefits for recreational trips to
the Big Hole and Bitterroot Rivers are presented in Table 6
for three specilic welfare measures: the median, 75th per-
centile, and the overall mean and for four subsamples
defined by residency status and activity. All measures indi-
cate that trips on the Big Hole River are on average more
valuable than trips on the Bitterroot River and that trips by
nonresidents have much higher WTP than resident trips, The
difference across river types and residency status is in part

TABLE 5. Daily Use as a Function of Flow Level: Big Hole and Bitterroot Rivers
Bitterroot Big Hole
Variable/Statistic Coefficient* Variable Mcan Coefficient* Variable Mean
Intercept 6.,04334 6.3247
(4.04) (3.696)
Q (.006584 1153 (1L.010338 931
{1.87) (2.241)
Q2 —3.74E-6 4,941,342 —2.776E—6 1,592,122
(-2.11) {—1.692)
03 4 46TE—10 1.9725E+ 10
{1.98)
WKEND 4.6216 0.294 3.3926 0.432
(2.83) (1.722)
Wind —4.7971 0.088 e
{(=2.15)
Cold v —7.4475 0.135
(—2.783)
SALDATE 5.5931 0.162
(1.946)
R? 0.411 0.571
Sample size 4 37
Nsample (dep) 7.50 12.892

Read —3.747E — 6 as —3.74 x 10 ~ &,
*T statistics are in parentheses.
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TABLE 6. Welfare Measures for Willingness to Pay for Recreational Trip (1988 Dollars)
Median 75% Overall
River/Sample (Standard Error)* (Standard Error)* Mean
Bitterroot

Resident, float angler 48 115 199
(13) (31}

Resident, other user 60 143 247
(12} (30)

Nonresident, float angler 236 566 980
(76) (209)

Nonresident, other user 480 1148 1988
(142) {365

Big Hole

Resident, float angter 87 207 359
(18} 42)

Resident, other user 125 298 516
(29) (63)

Nonresident, float angler 540 1291 2234
(115) (308)

Nonresident, other user 816 1952 3377
215 {517}

*Data are based on Krinsky and Robb [1986] simulation procedure with 1000 repetitions.

due to differences in user characteristics (Table 1) given the
elasticities in Tablc 4. The values in Table 6 are per trip;
values per day can be derived using the days per trip
reported in Table 1. On the basis of the median welfare
measure the value per day for residents is from about $50 to
$70 and the value per day for nonresidents is $90 to $110 on
the Bitterroot and $165 to $215 on the Big Hole.

These values can be compared to average values reported
in the Walsk et al. [1989] literature review of 88 specific
nonmarket fishing value estimates. The median values for
our resident users are similar to the literature average values
reported for cold watcr, anadromous, and salt water fishing.
Our nonresident median per day values are at the upper end
of the reported range for these types of fishing ($120 to $220
per day). The 75th perceatile estimates in Table 6 for
nonresidents on the Bitterroot are also at the upper end of
the reported range, while Big Hole nonresident values arc
from 3400 to $500 per day. These findings indicate that
computing average values for recreation on a given stream
obscures some important differences among user groups. It
also appears that the values for nonresident anglers on a
major ‘‘destination” trout fishery like the Big Hole may be
quite high. These values may be plausible given the income
level, trip length, and expenses of this group of dedicated
anglers {(Table 1). This application indicates the importance
of user group attributes in explaining average values. These
findings have implications for the benefit transfer issue. It
may be more appropriate to argue that the fitted valuation
function might be transferable than to suggest the same for
the fitted point estimates of average value.

Standard errors were computed for the two percentile mea-
sures using the procedures of Krinsky and Robb [1986]. On the
basis of 1000 repetitions, standard errors for the welfare
measures are 12% to 14% of the estimate, indicating 95%
confidence intervals that are about =25% of the estimate.

Using the estimated parameters from Tubles 4 and 5,
marginal recreational values for instream flows, as in (3},
were computed for both study sites. Table 7 provides a
listing of the marginal values per acre foot for the river study
sections at discharge levels ranging from 100 cfs (3 m3/s) to

2000 cfs (56 m?/s). Values are weighted averages for a given
river based on user group subsample shares (Table 1).
Results are presented for the 75th percentile welfare mea-
sure; estimates based on the median would vary in direct
proportion 1o the values of this percentilc measure, as
reported in Table 6.

Marginal values on the Bitterroot range from $10 per acre
foot (37 per m® x 10%) at 100 cfs (3 m3/s) to zero value at
1500 cfs (53 m3/s) (Figure 2 and Table 7). This is the value of
an additional acre foot of water on any given day through the
respective study sections. The effect of flows on quality of
the experience (WTP per day) accounts for over two thirds
of the marginal value, with the effect of flows on participa-
tion comprising the remainder (Table 7). On the Big Hole
marginal values range from $25 per acre foot at 100 cfs (3
m?/s) to zero at about 2200 cfs (62 m*/s). On this river the
marginal value of additional streamflow is about equally due
to increased participation and increased WTP per day.

Total recreation values for the two rivers as a function of
discharge are also depicted in Figure 2. On the Bitterroot,
total WTP reaches a maximum of about $13,500 per day at
1800 cfs (50 m*/s), while on the Big Hole WTP reaches a
maximum of about $53,000 per day at a discharge of 2000 cfs
(56 m/s). These total WTP values can also casily be scaled
up to estimated values for the 153 day (May 1 to September
30) season. The respective seasonal values are about $2.4
million on the Bitterroot study section and $8.1 million on
the Big Hole study section.

Precision of these estimates was also derived using the
Krinsky and Robb [1986] procedure. In this case we drew
simultaneously from the two multivariate normal distribu-
tions of parameter estimates {rom our two underlying mod-
els: the maximum likelthood logistic model of trip valuation
and the OLS model of daily use. At lower flow levels the
95% confidence intervals are from plus or minus 50% to 80%
of the estimates.

It is interesting to note that the instream values estimated
here are in the range of typical transaction prices for
instream flows. Ten instream flow transactions reported in
Water Market Update between 1988 and 1989 were betwaen
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TABLE 7. Marginal Recrcational Value as a Function of Instream Flow l.evels: Big Hole and
Bitterroot Rivers (1988 Dollars per Acre Fool)
Bitterroot Big Hole
Discharge, Participation Quality Marginal Participation Quality Marginal
cfs Effect Effect Value Effcet Effect Value
Estimated Values
160 1.22 9.08 10.31 10.08 15.36 25.45
200 1.53 7.05 8.59 10.45 9.36 19.82
300 1.64 6.19 7.84 10.38 7.21 17.59
400 1.63 5.68 7.31 10.10 6.07 16.17
500 1.52 533 6.85 9.70 5.35 15.05
600 1.36 5.05 6.40 9.21] 4.84 14.06
700 1.14 4.81 5.95 8.67 4.46 13.13
800 0.89 4.60 5.48 8.07 4.16 12.22
900 0.60 4.40 5.00 7.42 3.90 11.33
1000 0.30 4.21 4.51 6.75 3.69 10.43
1200 -0.36 186 3.49 5.31 3.32 8.64
1400 -1.08 3.51 2.46 3.79 3.02 6.81
1600 -1.74 318 1.44 2.19 2.76 4.94
1800 —2.40 2.8% 0.45 0.53 2.52 3.04
2000 301 2.53 —-0.48 —-1.19 2.29 1.11
Standard Errors of Marginal Value Estimates*

100 1.67 7.54
500 1.45 3.84
1000 1.36 2.64
1500 t.11 2.21

One acre foot equals 1233.5 m?,

*Data are based on a simulation with 1000 repetitions using procedure of Krinsky and Robb [1986].

$1 and $7, two were in the $15 (o $25 range and another was
$50. Onc of these transactions was a purchase by Montana
Department of Fish, Wildlife, and Parks of 10,000 acre feet
(1.233 x 107 m?} annually at the administratively set price of
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Fig. 2. Marginal and total recreation value for Rig Hole and
Bitterroot River study sections as a function of instream ffow (1988
dollars).

$2 per acre foot for release from Painted Rocks Reservoir in
the Bitterroot headwaters. Given that these releases were
during low summer flow conditions, the purchase of these
releases on the Bitterroot appears to be justified by the value
generated in the study section alone.

Implications of Incomplete Models

The eslimated marginal values presented above can be
compared with those from a simplified model, similar to that
used by Daubert and Young | 1981], where only WTP per day
varies with flow levels whilc participation is held constant af
average use levels. When participation is held constant, the
value change associated with the quality cffect is overstaled
at low flows and high flows and, of course, is similar to the
full model estimates at average flows, In a related simplified
model, similar to that used by Narayanan [1986], value per
day is held constant across flow levels but participation
varies. Again marginal values for this effect alone are over-
stated at low ftlows. For our application, both types of
simplificd models understate marginal values compared to
the complete model results of Table 7. Details of this
comparison are provided in the work by Duffield et al.
[1991]. The results presented here for the Big Hole and
Bitterroot are probably also understated compared to truc
marginal values because lagged effects were not measured.

ALLOCATIVE IMPLICATIONS

A complete evaluation of the tradeoff between withdrawal
and instream use would require modeling flow, storage,
allocation, and instream uses, with and without the diver-
sion, for the entire affected river basin, and is beyond the
scope of this study. Howcver, relatively simple examples for
the Bitterroot and Big Hole shed light on the diversion/
instream flow allocation issue.
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Irrigation accounts for 96% of consumptive water use in
Montana [Gibhons, 1986], and is also the primary consump-
tive use in both the Bitterroot and Big Hole Valleys. In
Ravalli County, where most of the irrigation water from the
Bitterroot River is used, alfalfa and other hays occupy 48%
and 38% of the irrigated acreage, respectively. Over 90% of
the approximately 16,000 acres (6478 ha) in other hays is
irrigated. Becausc other hays yield less income per acre foot
of water applied than alfalfa and other crops and are less
sensitive to lack of water than most other crops, we assume
it is the main crop on which irrigation would be reduced if
waler were lacking. The situation is similar in Beaverhead
County along the Big Hole.

We estimated the marginal value ol irrigation based on the
difference in return between irrigatcd and nonirrigated other
lrays, which averages 1.1 tons per acre (404 kg/ha) (1.88
minus 0.78 tons) (691 minus 287 kg/ha) in Ravalli County and
0.6 tons per acre (220 kg/ha) (1.45 minus 0.85 tons) (533
minus 313 kg/ha) in Beaverhead County [Montana Agricul-
tural Staristics Service, 1990]. Using an average 1987-1989
price for other hays in Montana of $58 per ton, a short rn
cost of $20 per acre for flood irrigalion, and a net irrigation
requirement ol 13 inches (33 cm), yiclds a value of $40 per
acre foot consumed in irrigating other hays in Ravalli County
[Duffield et al., 1990), In Beaverhead County the net irriga-
tion requirement is 10 inches (25.4 ¢cm) for a value of $19 per
acre foot consumed for flood irrigation.

These values per acre [ool may tend to overestimate the
short run marginal value of irrigation water in that they are
for the average acre, not the least productive acre. Irrigation
is most likely to be cut back on less productive fields if water
is limited. The cstimates also assume that all water not
consumed by the crop returns to the stream {(delivery and on
farm application efficiencies each average about 505%). On
the other hand, the example values may tend to underesti-
mate the marginal value of irrigation water because they
reflect a year of average water availability, rather than a dry
year when water is limited and more valuable.

The value of instream flow in both rivers includes the value
of recreation and hydroelectric power generation, plus any
existence vatue (such as of the fishery), for as far downstream
as (he water remains in the stream. We will ignore existence
value. Also, in the well-watered Columbia Basin we can ignore
navigation, plus any final consumptive use downstream. We
also ignore these values on the Missouri. We have estimated
the marginal recreation value in our study sections 1o range
from $8 per acre foot on the Bitterroot and $22 on the Big Hole
in times of very low flow to $0 when flow is ample. Thesc
values apply to the 22% of the Bitllerroot length and 33% of the
Rig Hole length that were included in our study.

In order to estimate the valuc of an acre foot of incremen-
tal streamflow through the entire river Jength, it is necessary
to cstimate marginal recreational values for other river
sections. Equation (3) can be aggregated across j river
sections as follows by defining river section use (&) and
discharge levels ((2;). The relationships of participation and
valuation for the study section, R{-) and W(*}, are assumed
to hold for the other river sections.

Q)
(14)

aT orT
35—2,“(@)}_2 RAQ) ,Q(Q, W(Q)) aQ(
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River section specific usc cstimates for three sections
(lower, study, and upper) were derived from McFarland
11989]. The relationship of discharge on the upper section to
strecamflow on the study section was derived from a regres-
sion relationship for the respective gauges. Flows on the
lower 22 miles (35 km) of the Big Hole were assumed to be
the same as those in the study section. Flows on the lower 32
miles (51 km) of the Biftterrvol were interpolaied from
nearby gauges on the Clark Fork River above and below the
Bitterroot confluence. Recreation values further down-
stream for these rivers, on the Clark Fork-Columbia and
Missouri, would add to these estimates.

Both the Big Hole and Bitterroot rivers have very substantial
instream values associated with hydroelectric power. This is
because these streams are in the headwaters (in fact separated
by only a few miles at the Continental Divide) of two ol the
most important hydroelectric resources in the continental
United States—the Columbta and the Missouri. Hydroelectric-
ity replaces more expensive power produced at thermal plants.,
One approach to valuing hydropower is to estimate the short
run marginal cost savings: variable costs at thermal plants less
variable costs at hydroelectric plants. Gibbons [1986] uses a
value of 20 mills per kilowatt hour based on replacing coal as
the thermal plant fuel. If the hydroelectric energy were as-
sumed to replace energy produced at gas turbine plants or if the
long run cost of capital replacement were included, the value
would be considerably higher.

Gibbons [1986] reports a cumulative 1025-kW hours per
acre foot for the dams on the mainstem of the Columbia
River. Adding the additional 571-kW hours for the Clark
Fork of the Columbia and the Spokane River vields a total of
1596-kW hours per acre foot. At the conservative cost
savings estimate of 20 mills per kilowatt hour this yields a
value of $32 per acre foot (ignoring evaporative losses).
Downstream from the Big Hole there are 1303-kW hours of
generation per acre foot on the Missouri, indicating a short
run value of $26 per acre foot.

Adding the recreation and hydropower values yields an
instream value of from $93 per acre foot at low flows to $34
at flows of 2000 ¢fs (56 m?/s) on the Big Hole and values of
from $110 to $0 on the Bitterroot {TVigure 3). Ignoring the lost
instream use of water between the diversion and return flow
points, the instream flow values should be compared with
the marginal value of water consumed in agriculture, which
as reported above is about $20 per acre (ool on Lthe Big Hole
and $40 on the Bitterroot. Applying the usual equimarginal
allocation principle, these findings suggest that when the
Bitterroot river is discharging under 1400 cfs (39 m?/s),
instream flows provide a more valuable use of the water than
agriculture. When instream flow is ample, agricultural diver-
sion remains a wise procedure at the margin. On the Big
Hole, hydropower values alone exceed irrigation values at
all flow levels modeled. Obviously, the assumption of con-
stant marginal values for either of these uses is untenable for
very large changes in flow. These findings are, of course,
premised on our assumption that our valuation and partici-
pation models can be applied to other river sections. Given
the potential allocative importance of instream uscs, a more
complete empirical study of these resources may be justified.

SuMMaRY AND CONCLUSIONS

This paper introduces a general framework for estimating
the recreational value of instream flow. The theoretical
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Fig. 3. Comparison of marginal instream flow values for recre-

ation and hydroelectricity versus opportunity cost of irrigation
withdrawals for mainstcm of Big Hole and Bitterroot rivers (1988
dollars per acre foot).

model incorporates the influcnce of instream flow on both
the quality of the recreational experience and on the partic-
ipation level. The model can be used to value an increment
to flow over a season or alternative flow regimes. Methods
for interpreting covariate effects in dichotomous choice
contingent valuation are presented, and procedures for esti-
mating standard errors for welfare estimates and the mar-
ginal value of waler are demonstrated.

The recreation value model is demonstrated in applica-
tions to the Big Hole and Bitterroot Rivers in Montana.
Valuation was based on experienced flow levels using a
dichotomous choice current trip valuation model, while use
was actual observed. A broad range of flows was experi-
enced during the May to August sample season, as the
summer of 1988 happened to be one of the driest on record.
Valuation varied by residency status, user group, and across
rivers.

Marginal recreation values per acre [oot for the river study
sections were found to be in the $10 to $20 range at low flow
levels. These estimates were less precise than the estimated

DUFFIELD ET AL.: RECREATION BENEFITS OF INsTREAM FLOW

value of a recreational trip because of the additional vari-
ability introduced by the model of recreational use.

The instream flow valuation framework provides a conve-
nient structure for comparing results of previous instream
flow research. Marginal instream flow values were computed
using the [ull model specification as well as incomplete
models where either participation or willingness to pay is
assumed invariant with river discharge. In general, the
incomplete models result in underestimates of marginal
values of instream flows at most discharge levels.

Lstimated instream flow values on the Bitterroot and Big
Hole rivers (including the benefits of downstream hydroelec-
tric generation) were compared to consumptive withdrawals
for irrigation. This study indicates that at many flow levels,
allocalive gains may be achieved by reallocating water from
consumptive to instream uses.
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