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The Willingness of Central Oregon Irrigators to Donate
Water Rights to Augment Deschutes River Flow

Chapter One
Introduction
The aridity of central Oregon makes irrigation a necessity for agriculture. Water
for irrigation comes from the rivers, lakes and wells. In the western United States the
right to divert water out of stream was distributed according to the prior appropriation
doctrine. This doctrine basically stated, "first in time, first in right". If an individual
applied for a water right, and the water was available in the river or lake, he could get a
right for it. The maintenance of instream flow for fisheries, water quality or recreation
was not a priority. Only recently has the use of water for instream flow been officially

recognized as a productive use of an individual's water right. A water right can still he
forfeited for nonuse if a water right holder allows her water to flow ins tream for a period
of five consecutive years.

The Deschutes River flows from Little Lava Lake at the foot of the Three Sisters

north to the Columbia River. Like most western rivers, the Deschutes River has the
demands of irrigation and municipal use placed on it. However, the demand for
recreation, water quality, and the maintenance of instrearn flow for aquatic habitat has

increased markedly in central Oregon. The section of the [)eschutes River that flows
from Bend, Oregon north to Steelhead Falls is a dramatic case in point. The water right
holders on this stretch of the river, mainly the members of five irrigation districts, hold

enough water rights to drain this stretch of the Deschutes River during drier years.
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However, a minimum stream flow of 30 cubic feet per second is maintained during the

irrigation season of May through September. Historically, without dams and diversion

into irrigation canals, the river flow was at about 1,400 to 1,700 cfs. The Oregon
Department of Fish and Wildlife now recommends that a 250 cubic feet per second
minimum streamfiow be restored.

There are several ways for an agency or environmental organization to go about

increasing streamfiow on the Deschutes River. Leasing water out of agriculture is one of

the options. This option was used in other areas when an interest wanted to increase

stream flow. This option was studied by Turner (1995). Her study estimated the cost of
leasing water and the cost of water conservation through canal lining. The price of buying
water rights in central Oregon was tackled by Landry (1995). The typical types of
solutions for increasing streamfiow are: governmental mandates, buying or leasing water,

and water conservation measures. There is another, less frequently used option: donations
of water by irrigation district members could he used to increase stream flow on the
Deschutes River.

Approach to Finding the Willingness of Irrigators to Donate Water Rights to
Augment Deschutes River Flows
The possibility that water right holders would he willing to donate water back to

instream flow is the centerpiece of this study. The question this study will attempt to
answer is, "Do water right holders value increased streamfiow enough that they would

donate a percentage of their water to enhance stream flow?". This question is analogous
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to that used in a typical contingent valuation (CV) study. In a CV study, surveys are used
to elicit the willingness to pay for the provision of a nonmarketed good, usually an

environmental commodity. The respondent is presented a hypothetical situation and asked
if they. would be willing to pay P, amount to receive the good offered in the hypothetical

market. The method of payment or payment vehicle is typically an increase in the cost of
an entrance permit, a tax, or a utility bill. The present study is unique in that it uses the

donation of a water right as the payment vehicle. This is the first time, to this researcher's
knowledge, that a CV study has used a commodity owned by the respondent as the
payment vehicle. Otherwise, this study is analogous to previous CV studies; hence, the
accepted methodology for CV studies will be followed.
A mail survey will be conducted in order to collect data on the willingness of

irrigators in Central Oregon to donate water rights to augment instream flow in the
Deschutes River. The sample population are the members of the five irrigation districts
that withdraw water from the Deschutes River near Bend. The five districts are Arnold,

Central Oregon, North Unit, Swalley, and Twnalo Irrigation Districts. A random sample
was generated so that it will he possible to make inferences about the members of each

irrigation district and the five irrigation districts combined. These data will be used to
generate willingness to donate estimates. This study will also employ a new method of
constructing conservative estimates of WTD estimates pioneered by Champ et al.(1996).
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Organization of Thesis

This thesis is organized into nine chapters. Chapter One provides the introduction
to the Deschutes River low-flow situation, and the plan of study. Chapter Two is the

literature review. It covers the literature on the valuation of water-related resources,
altruism, and contingent valuation. Chapter Three covers the theory underlying the
dichotomous choice framework. Chapter Four contains the contingent valuation
methodology and the statistical techniques used to estimate WTD. Chapter Five reviews
the pretest, data collection, and gives a statistical summary of the data. Chapter Six
reports the estimates of WTD and the fit of the models. Chapter Seven discusses the

estimates of total WTD for the different models. Chapter Eight discusses the statistical
results and the new methods used in this study. Chapter Nine summarizes the findings and
explains where this methodology could also he applied in future studies. Appendix A is

the questionnaire used in the data collection process. Appendix B reports the means of
the explanatoty variables broken down by irrigation district. Appendix C gives the WTD

estimates for each of the irrigation districts. Appendix D shows the Shazam programs that
were used to estimate WTD and construct confidence intervals.
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Chapter Two
Literature Review

There are many contingent valuation studies that investigate the values individuals
place on environmental commodities or enhancements. This literature review will include
those that are relevant in determining which factors may he linked to the decision to

donate water from irrigation to instream flow. Therefore, it will primarily include those
studies that deal with instream flow or similar water issues. A few contingent valuation
studies examining values for different environmental resources will also be examined. In

addition, a number studies based on the travel cost method (another nonmarket valuation
technique) will be reviewed. Also, the literature on contingent valuation will he reviewed
to show the appropriate techniques to use and to assess the reliability of CV willingness to
pay (WTP) estimates.

Contingent Valuation Studies
An increase in instream flow will enhance the fishery of the Deschutes River low-

flow section. Evidence from other studies suggested that an increase in fish populations
will he valued, to varying degrees, by anglers who used this stretch of the river. A 1988
study by Johnson and Adams on the John Day river in Eastern Oregon showed that
anglers valued increased stream flow at around $2.40 per acre foot for use in enhancing
the steelhead fishery.
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A study by Brown and Duffield (1995) on the Bitterroot and Big Hole Rivers in

Montana showed a significant willingness to pay to preserve instream flow. Their survey
was administered to randomly-chosen households in Montana and nearby population

centers. They were asked if they would be willing to buy a membership into a trust that
would buy' water during dry years to protect instream flow. This is similar to the
mechanism used in the present study, except that the payments in the Montana study were

in dollar terms, not water rights. Survey respondents would donate an average of $12.43
to protect both rivers. Respondents also had a different willingness to pay, depending on
which river, or both, would have its flow preserved. This study suggests that there was a
WTP for increased flow, even when there are nearby rivers with adequate instream flow.

This was a similar situation to the stretch of the Deschutes River under study, where

several other rivers and stretches of the same river have adequate flows. The study also
showed that users had a higher WTP to preserve flows than nonusers, and that males had
a higher willingness to donate than females.

A similar study on the Cache La Poudre River in Northern Colorado by Dauhert

and Young (1981) came up with similar results. The survey used two photos of the river:
one at low flow, and one at higher flow. Respondents were also provided information on
the effects of increased stream flow on aquatic habitat. The respondents were asked if
they would be willing to pay either higher taxes or entrance fees to get the river to the
higher flow. The survey was administered on-site, and found a significant willingness to

pay among the different user groups. Increased stream flow was valued at $4.85 up to
$30.35 per users, depending on the increase in flow. It is significant to note that survey
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respondents in this study comprised three main use activities: fishing, shoreline activities,

and whitewater boating. All three types of users had significant willingness to pay for
increased flow. The study also found experience and income to be positively related to
willingness to pay for increased flow, while education and age of respondent were
negatively related.

In New Mexico there is no legal avenue for protecting instream flow. A 1996
contingent valuation study by Berrens et al. focused on the values of minimum instream

flow protection. They found that the mean willingness to pay for protection of instream
flows for the middle Rio Grande River was $28.73. They also found a mean willingness to

pay of $89 to protect instream flow on all major New Mexico rivers. Their study found
that membership in an environmental organization, knowledge of the issue, purchase of a
fishing license, and income were positively correlated to willingness to pay.

A 1992 study by Duffield, Neher and Brown on Montana's Big Hole and

Bitterroot Rivers showed that users valued the instream flow at around $50 per acre foot.
This recreation included fishing, swimming, picnicking and other shoreline activities as
well. This suggested that anyone who recreates on or near the Deschutes River may also
value increased flow.

Walsh, Auckerman, and Milton (1980) used the contingent valuation method to
value additional increments of water in high mountain Colorado reservoirs for an

additional two weeks in late summer. They found that water was valued at $48 per acre
foot in additional recreation benefits during the peak recreation season.
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Other studies estimated the value of water resources, other than instream flows.
Loomis (1996) investigated the willingness to pay higher federal taxes over a five-year

period for the removal of dams blocking upstream movement of anadromous fish on the

Elwa River in Washington. The study found that mean WTP ranged from $59 to $479
depending on the residency of the respondents. The benefits proposed by the study were
increased fish populations and restoration of the undammed flow of the river. The study
found that people who valued increase fish populations for whatever reason had a higher

willingness to pay on average. The study also found that those people who said
hydroelectricity was important paid less. The study also showed that people who said that
restoration was important had higher WTP for the project.
Whitehead and Bloomquist (1991) surveyed Kentucky residents to find the
willingness to pay for preservation of the Clear Creek Wetland in western Kentucky.
They found that people with more knowledge of the area had a higher willingness to pay.

This suggests that people with knowledge of and/or experience in an area may have a
higher willingness to pay for its protection or enhancement. The willingness to pay per

household ranged from $3.75 to $16.61 depending on the amount of protection and the
amount of information included in the description of the contingent market. Willingness
to pay in this study was found to be positively correlated to education and males, and
negatively correlated to age, income and number of children.

A contingent valuation study of salmon sport fishers by Cameron and James
(1986) in British Columbia found that fishers were willing to pay for increases in fish

catch. The study found that an additional chinook salmon has a value of $14.47 in
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additional license fees.. The willingness to pay for a day of fishing was $48.83. They also
found that people were willing to pay for increases in the quality of a fishing trip.
There have also been studies that estimated the value individuals place on nonconsumptive uses of fish and wildlife. Loomis (1988) estimated the value vacationers in

California placed on viewing deer. He found an average value of $16 for those who

viewed the deer incidentally and $22 for those whose trip's primary purpose was to view
wildlife. Stoll and Johnson (1993) did a similar study for the non-consumptive use of
wildlife in Aransas Wildlife Refuge in south Texas. Using an entrance fee as the payment
vehicle they found an average willingness to pay of $5 per day.

Related Travel Cost Studies
There are many travel cost studies that consider the willingness to pay for the

opportunity to recreate at sites with different characteristics. Loomis (1993) used a travel
cost model to estimated the willingness to pay to float the Westwater Canyon in Utah. He
estimated that the recreation benefits for 50 permits to raft would generate $6,500 in
revenue annually.

Duffield et al. (1987) used a regional travel cost model to estimate the value of

trout fishing on several Montana rivers and lakes. The average value of lakes was $34 per
angler, while the average value for rivers was $49 per angler. A similar study by Richards

et at in 1985 used an individual-observation travel cost model to estimate the value of

cold water fishing at Lee's Ferry on the Colorado River in Arizona. The average value
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was $118 per angler day. What these and many other travel cost studies show is that there
is a significant demand for water based recreation, and that people are willing to pay for
improved sites or higher quality sites.

Altruism
In the world of economic theory, people are self-interested utility maximizers.
Meaning that the objective each individual is assumed to have is to maximize their utility

from the consumption of goods and services. Hence donating one's income reduces an
individuals ability to consume goods and services. If individuals are such egoists, why

would anyone donate? There are many reasons, even within the world view of economics,
why people will behave in a manner that at least seems to he altruistic. The first
explanation is the warm glow explanation for donations called impure altruism.

Andreoni developed the theory of impure altruism. Andreoni says that when
people donate, they do so in part because they enjoy the act of giving and the status as
good citizen, parent, etc. that it places on them. He asks, if people are utility maximizers,
and they exist within a large economy, why is it that all individuals do not free ride? His

answer is that people get a "warm glow" from the act of giving (Andreoni 1986 p.57).
They receive utility from their altruistic actions. If people receive utility from donating,
donating is consistent with utility maximization. Hence, the theory of impure altruism.

This concurs with Schartz who said that pro-social behavior is contingent upon some

reward (Schartz 1993 p.324). Stark expounded the same idea when he showed that two
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people who take turns buying each other lunch will, if they enjoy warm glow from buying

the other person's lunch, maximize their own utility. They will have spent no more money
than if each bought their own lunch, and receive the same goods and services. They also
receive the warm glow from treating the other person to lunch (Stark 1985 p.325).
The psychology literature on altruism showed basically the same thing as the

economic literature. It reinforced the point that people can enjoy behaving altruistically.
It also showed that not only do people act more altruistically to people close to them, but
also that they derive more satisfaction from those donations as well. That is especially true

when the consequences and costs of the action being taken are severe. Keneker showed
that people were much more likely to donate a kidney when it was a family member who

needed it. A study by Gentile showed that donations are linked to the urgency with which

one sees the situation at hand (1986 p.79-82). Baston separates the causes for altruistic
behavior into four categories: egoism, collectivism, altruism, principleism. There can he
no doubt that people receive satisfaction from having done the right thing by their

community or by their principles (1994 p.603). This point is reinforced by a voting
behavior study which shows that a major influence in voter behavior is "doing the right
thing" regardless of what the personal interest in the election are (Holmes 90 p. 147).

Therefore, the attitudes a person has toward the environment in general and Deschutes
River water use specifically will have an impact on their decision on whether or not to
behave altruistically.
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Values Measured with the Contingent Valuation Method
In measuring the value of an environmental commodity, there are questions that do

not arise when estimating the value for a private good. For environmental commodities
that are often amorphous, it is difficult to estimate the value of the entire commodity at
once. An environmental commodity - instream flow, for example - may have several

different values associated with it. Table A, reprinted from Mitchell and Carson's book on
contingent valuation, illustrates this point quite efficiently (1989 p.61). This chart shows
that there are values arising from several different uses of instream flow and nonuses of

instream flow. For a typical private good - say a pound of bacon - nonuse values do not
exist. Few individuals value bacon for anything hut its use in consumption. However, for
an environmental commodity, there are values that arise for people who do not use the

good. For example, one could value the continued existence of the Willamette National
Forest although they may never visit the area.
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Table A
Values Measured by the Contingent Valuation Technique for Instream Flow

Benefit

Benefit
Class
Use

Cateor's
- In-Stream

Existence

Recreational(fishing, swimming, boating)
Commercial(fishing, navigation)

Withdrawal

Municipal(drinking water, waste disposal)
Agriculture(irrigation)
Industrial/Commercial (process treatment)

Aesthetic

Enhanced near-water recreation (hiking, picnicking)
Enhanced routine viewing (commuting, home views)

Ecosystem

Enhanced recreation support (duck hunting)
Enhanced general ecosystem support (food chain)
Significant others (relatives, close friends)
Diffuse others (general public)

Vicarious
Consumption

Inherent (preserving remote wetlands)
Bequest (family, future generations)
Source: Mitchell and Carson, 1989
Stewardship

There are studies that match to each of the sub-categories of use values presented
in Table A and that are relevant to the valuation of ins tream flow on the low-flow section

of the Deschutes River. The out-of-stream use values of Deschutes River water is a more
typical question; this has been tackled by several recent studies (Turner 1995, Keist 1996,

Laughton 1995). The nonuse values are more difficult to get at; there are few if any
explicit trails of behavioral clues. This is one of the reasons for the interest in contingent
valuation (NOAA 1993).

Another name for non-use values is existence values. A concise definition of
existence value was given by Madariaga and McConnell: "Willingness to pay for a change
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(or to avoid a change) in the provision of a resource with no prospects or no intention of
enjoying in situ services from the resource" (1987 p.926). Existence values have come
under fire because they are more difficult to defend because they lack behavioral clues,
and large estimates can be obtained for the valuation of a resource if many of the
households in a state or nation have even small values for the existence of that good.

Desvouges (1993) attacked existence values for what he saw as unreliable and biased
estimates. The problem, simply stated, is that people may say "yes" to any value within a

reasonable range to just about any worthy sounding cause. Obviously, this does not make
for precise estimates. However, the NOAA Panel on contingent valuation found that
these estimates were more reliable in studies in which full information of the contingent
market was given.

Validity of the Contingent Valuation Method
The CV studies presented above all suffer from a similar problem. The problem is
that the respondents only have to say that they would he willing to pay (WTP) the posited

amount; they do not actually have to pay that amount. Hence, the data in CV are
responses to hypothetical questions and are not actual payments for the non-market good

in question. The fact that CV does not use market data and is a survey technique has
resulted in many criticisms. To use the CV method at all, one must tackle the question,
"Does the method give reliable estimates of WTP'!".
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The main objection to the CV method is that the data are responses to
hypothetical questions, not actual behavior. Therefore it is argued that answers to
contingent valuation questions only indicate attitudes (Mitchell and Carson 1989 p.172).
These are valid concerns that the methodology may never he able to fully resolve.
However, there are many signs that point to the general reliability of the contingent
valuation method.
Kealy et al. (1988) examined the reliability of the contingent valuation method in a

few different ways. The study frame was undergraduate students in a psychology course.

The study broke the class into two groups. One was asked what they would he willing to
pay for a Cadbury chocolate bar; the other was presented with the option of buying the

chocolate bar. The results showed that the values given by the students did not differ
from the hypothetical situation to the real offer of the candy bar. The first test was
followed up by presenting the students involved in the hypothetical market with a real

situation using the same good. They found an average WTP difference of 20 cents within

the same group when presented with the real situation. They used a prohit model to
determine the probability of a student changing their valuation and found several factors
that were significant in the decision to change their mind about the purchase decision.

Respondents who stated they were more certain about their decision were more likely to
he consistent between the hypothetical and real situations. Also of importance was the
familiarity with the good in question and how seriously the respondent took the question

(p.167). They compared their study to Bishop and Heherlein's unpublished studies of deer
hunting, which found a 13 percent discrepancy between actual and hypothetical payments.
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However, the difference between actual and hypothetical payments is not statistically

significant. Their conclusions are the same as those of the NOAA Panel on contingent
valuation: respondents who have more familiarity with a good, take the question seriously,
and are more certain of their response give more reliable valuations.

Another study by Kealy et al. (1990) shows that the nature of the good, public or
private, did not matter to predictive validity of contingent valuation estimates. The private
good was a Cadbury chocolate bar and the public good was the water quality in lakes in

upstate New York. They found that the most important factor in predictive validity for
both goods was the clear Statement of a payment obligation. They suggested using
payment vehicles for which the payment seems realistic, and if possible using situations

where the payments are real and not hypothetical (p.260).
Several studies have tested the sensitivity of the contingent valuation method to
different-sized environmental commodities or different impacts of restoration programs.

This tests the notions that people may say "yes" to any worthy sounding cause. A study
by V. Kerry Smith showed that the values generated by two different programs, one an
expansion of the planting of flowers along highways and the other a tire recycling

program, are statistically different (1996 p.142). Brown et al. (1995) in a study of
Montana rivers found that respondents, especially those most familiar with the river, did
distinguish in monetary terms how much they were willing to donate to protect instream

flows. This bodes well for the present study in that our sample frame is linked to out-ofstream use of Deschutes River water.
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If the number of studies alone could prove the method's reliability, then contingent
valuation would be well trusted. However, contingent valuation does suffer from many
potential biases. The results should be interpreted with full knowledge of the
methodology, description of the hypothetical market, and how any questionnaire was

pretested and what sampling procedures were used. Mitchell and Carson (1989) offer a
critique list in their book on .contingent valuation. To summarize their conclusions: bias
can be minimized through the suggestions, guidelines, and mistakes of those who have
used contingent valuation, but to think that it would be completely eliminated would be
foolish.
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Chapter Three
Theoretical Considerations

The present study revolves around whether or not irrigators in central Oregon
would be willing to donate a percentage of their water rights to increase instream flow.
The contingent valuation (CV) method was presented in the introduction and literature

review. Details of this methodology are addressed in Chapter 4; however, one piece of
the CV methodology needs introduction here. The elicitation format used in this study is

the dichotomous choice format (DC). In this format each survey respondent is asked if he
would pay P, and he only has the option of responding as willing or unwilling to the
posited amount for the good being valued. What is of interest here is what economic
theory has to say about how individuals make the type of decisions necessary to complete

a dichotomous choice question. The theory of consumer choice and the household
production ftinction will be used to explain how dichotomous choices are made.

Consumer Theory
The contingent valuation method using the dichotomous choice elicitation format
presents individuals with a hypothetical situation, usually an environmental improvement,
and asks the individual if he would be willing to pay a specific dollar amount for the

environmental enhancement. This method is simpler for the respondent than other

elicitation methods. It is analogous to an everyday shopping trip where a good is priced

P,. The consumer has to decide whether he will pay P amount or not (Cameron 1991
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p.413). For this methodology to work, the basic assumptions of consumer

theory must

hold. Borrowing from Nicholson, a consumer is assumed to be rational, which means
the three axioms of rational choice hold. The first is completeness.

that

If A and B are any

two situations, the individual can always specify exactly one of the following three
possibilities: A is preferred to B, B is preferred to A, or she is indifferent between A and

B. The second is transitivity: If an individual reports that A is preferred to

B, and that B is

preferred to C, then A must be preferred to C. The third is continuity. If an individual

preferred to
reports" A is preferred to B" then situations suitably close to A must also be

B. "Given the assumptions of completeness, transitivity, and continuity, it is possible to
show formally that people are able to rank in order all possible situations from the least

that
desirable to the most" (Nicholson 1995 p.71). These three axioms allow us to assume
individuals can and will maximize their utility. In economics, it is assumed the individuals

are their own best judge of their utility (Freeman 1993 p.6). To sum, an individual will
she wishes to
maximize their utility with a consistent, rational choice of goods and services
consume.

that
In terms of this study's dichotomous choice question, economic theory says
utility
individuals are able to make rational, consistent choices that will maximize their

from the choice of goods and services that the water they donate can provide in irrigation

option gives the recipient more
or in instream flow. The decision comes down to which

utility. The framework that best models the process through which this decision is made is

the household production model. The household production model is based on the
assumption that there is a set of technical relationships between goods used by households
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in the implicit production of utility yielding final services (Freeman 1993

p.102). Utility is

a function of the level of final service flows:

U = U(Z) = U(Z1,

Eq. 1

S, P)

S is a vector of socioeconomic characteristics and P is a vector of

preferences. The Z' s

are the final services produced according to a technology common

to all households and

assumed to be known:

Z=Z(X,Q,W,F)forj=1,...,fl

Eq.2

represents a vector of
where X is a vector of market goods available at prices P,, and Q
environmental quality attributes. F is a vector of farm characteristics that determine the
technologies used in the household production function. W is the amount of water
available to a water right holder.
The problem facing the household is to maximize utility provided by the final level

of services, given Q, W, S, P and the budget constraint:

P*XM
M is the individual's budget. The problem is solved by a two-step

Eq.3
procedure. First, the

producing Z. The second is
household must combine X, Q, and W to minimize the cost of
to maximize utility subject to the budget constraint (Freeman 1993 p. 102). For the

dichotomous choice question each individual faces two utility maximization problems.
is
The first is with their initial endowments of (X, Q, W). The is second where water

donated and they are left with the resultant levels of (X, Q', W-Bid)_ As the consumer
choice theory presented above shows, each respondent will choose the option
him the highest level of utility.

which gives
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The vectors of farm, preferences, and socioeconomic characteristics, and the
income constraint will be used as independent variables in the WTD function developed in

Chapter 4. The elements of each of the vectors: farm, preferences, and socioeconomic,
are detailed as well as the explanation for their inclusion, How each vector fits into the
household production function will also be reviewed.

Farm Characteristics
Out-of-stream uses of water fit into the household production function as elements

of the vector of farm characteristics. These characteristics include: irrigation technologies,
uses of water right, agriculture sales, and irrigation district membership. They determine
some of the technologies used in the household production function and some of the initial
endowments used to make Z:
Z

Z(X, Q, W, F) forj = 1,...,N

Eq. 2

F is a vector of farm characteristics that includes: uses of water, irrigation technologies,
agricultural sales, and irrigation district membership.

Water used in irrigation and watering livestock can be seen as factors of

production (Stoff 1994 p.19). The output of the production process is determined by the
availability and relative prices of water and the other factors of production including: land,

labor, and capital. Economic theory assumes that the primary goal of the irrigator is profit
maximization (Nicholson 1995 p.390). If a farmer is maximizing profit by irrigating X
acres of land with a water right of fixed size, and if farming is a competitive industry, the
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farmer will use water as an input until the marginal benefit of the input is equal to the

marginal cost (Nicholson 1995 p.348). Decreasing the amount of water available from a
profit-maximizing mix of inputs would mean a decrease in profits to the irrigator. Not

only does it limit the amount of water available to the irrigator, but under Oregon water

law, when a person sells, or donates a portion of their water they must also decrease the
amount of irrigated land by the percentage of the donation.
A water right holder also has the option of leasing part or all of their water right.
Turner (1995) developed supply curves for the lease of water by irrigators in central
Oregon. In her linear programming model, which assumed profit-maximizing behavior, an
irrigator would sell his water when he made more money from selling her water than from

using it in irrigation. The results showed that water right holders in different irrigation
districts and growing different crops needed differing levels of compensation to give up

their water rights (p.75-b0). Each irrigation district also has a different priority date.
The more junior districts have received less water in low-water years. The districts have
different geographic location and hence different agricultural opportunities. Irrigation

technologies, in part, determine the profitability of a farm (Stoff 1994 p.30). They are the
technologies through which water is combined with crops. Therefore, the efficiency of the
irrigation technologies directly influences the amount of water necessary to grow crops.
Many water right holders in central Oregon will not fit into a conceptual
framework built only for commercial agriculturists because they may.be hobby farmers or

use their water primarily for landscaping and gardening. Non-commercial agriculturists
are different in that they receive little if any financial gain from their efforts associated with
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irrigation. Their water use is primarily a hobby. It may be assumed that hobby farmer
receive some utility from their irrigated land or else they would have used their time and

resources in other pursuits to maximize their utility. The CV question posed to these

individuals was the same. They were asked to give up irrigating a piece of their land and a
percent of a resource used in their recreation- irrigation water.

Water used for landscaping purposes may add value to a property, as in the case
of golf courses, apartment complexes, or home sites. Thus a person donating all or part of
their water right may have to give up a portion of added value to her property. A study by
Fox (1996) showed that water rights may add value to a property. A water right holder
may also view their greenway around their home and crops, as a prevention against
wildfires, which have recently destroyed homes in the region.

Preferences
The utility function presented above, equation 1, showed that utility is dependent

upon the final flows of services, Z, a of vector socioeconomic characteristics, S, and a
vector of the individual's preferences, P:
U = U(Z) = u(Zj, . .Zj,.. .,Z, S, P)

Eq. 1

These preferences include the individual's preferences for recreation and her

environmental attitudes. The underlying proposition in this study is that increased stream
flow during May through September, the typical low flow months, would increase the

trout population, and improve the water quality of the river. Certain types of individuals
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who may gain from the increased flow are quite obvious - fishers, for example - but others
who may gain from increased flow may not be as obvious or direct. In this section we will
show who else may derive an increase in their utility from the augmentation of stream
flow.

When a good increases in quality with no price change, it can be shown that

persons using that good have an increase in utility. Such would be the case for
recreational use of the Deschutes River and its nearby surroundings if instream flows

increased. Several articles were presented in the review of literature that showed that
individuals were willing to pay for an increase in fish population. They were also willing
to pay for an increase in instream flow when their activities occur in the presence of the
river, such as hiking, boating, and wildlife viewing.

Individuals who participate in similar outdoor activities at other sites may also

have some utility gain from an increase in quality at a different site. There are reasons

why this may occur. Schenk (1987) stated that people behave altruistically within groups.
The closer the group, the more altruistic a person behaves. For example, parents feed
their children without expecting payment in return but they may also donate to their alma

maters and their community charities. However, the level of altruism decreases as the

intimacy of the group declines. Schartz (1993) concurs with his ideas. He states that
people identify with groups of people like them and tend to act altruistically toward those

groups. They both point toward the theory of "warm glow" from donations. The other
explanation is that option values increase when quality at a site increases. Option value is
the amount of money an individual is willing to pay for the option of using a site at a later
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date. This does not include the amount they would be willing to pay to actually use the
site (Mitchell and Carson 1989 p.60). If people are willing to pay for the option to use a
resource, they must, if they are utility maximizers, be deriving some utility from the option

to use a resource. Therefore, individuals may receive a net utility gain from the increased
quality at sites they do not currently use.
Other benefits associated with an individuals' preferences for instream flow are not

as direct. They have to do with existence values. Existence values are the amount a
person is willing to pay for some environmental good that they will never use (Mitchell

and Carson 1989 p.59). Desvouges argues that existence values should not be counted in
contingent valuation studies; however, that is really a nonissue in this study. It is not the

objective of this study to find the change in welfare related to increased instream flow, but
to determine which factors influence the probability of donation of water. Authors such as
Desvouges argue against using existence values in the valuation of an environmental
amenity, but they do not deny their existence (1993 p.9).
The amount of utility gained from an increase in existence values may be linked to

several factors. The first is vicarious consumption, where people derive utility from
other's people use of the resource, depending upon how closely they identify with those
individuals (Schenk 1987 p.189). The next is stewardship of the resource. Those people
who feel most strongly about stewardship may derive more utility from their preservation

(Mitchell and Carson 1989) Those belonging to environmental groups may also receive
more utility from increased stream flow owing to the identification of group members with

resource preservation.
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Socioeconomic Characteristics
The household production function itself indicates one characteristic that must be

included in the WTD model. That characteristic is income. Recall that the income
constraint determines the level of each X that can be purchased and combined according

to a common technology to produce Z, where Z is a vector of final services.

EPx*X

M,whereMisincome

Eq.3

Income is not the only socioeconomic characteristic that influences the final level of utility

in the household production model. Other characteristics in the vector S, will determine
how much utility an individual receives from the provision of Z.

U = U(Z) = U(Z1,

S, P)

Eq. 1

The other characteristics that are included in this model are the educational level of
the individual and age. Age was shown to be a factor in the willingness to pay in several

of the models presented earlier. It can be assumed that age and experience with a
resource or an area will affect how a person views the resource and the strength of their

commitment to that resource. Education was shown to be of importance in other studies
of monetary donations to increase stream flow. These factors will undoubtedly influence
an individual's behavior and the satisfaction one receives from different final services that

can be produced with the different levels of environmental quality and water available for
consumptive use.
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Ricksian Welfare Measure
WTD in this study is not measured in monetary terms; hence, an estimate of the
welfare affects due to increased river flow will not be estimated. However, it is

appropriate to show the type of Hicksian welfare measure that is occurring for individuals

that donate a percentage of their water right. The appropriate welfare measure for
contingent valuation using a WTD (normally willingness to pay) payment question is

compensating surplus. Compensating surplus occurs when there is a change in the price
of a good (here increased Deschutes River flow) and the individual loses the amount of
income necessary to keep her at her initial level of utility before the price change (Freeman

1993). The amount of income adjustment necessary to hold the individual at that initial
level of utility is the welfare measure compensating surplus.

In terms of the indirect utility function, the compensating variation in this study can
be defined as:

v(P',M)v(P",M-CV)U°

Eq.4

P' is the initial price of the benefits resultant from Deschutes River flow.
P" is the price of the benefits resultant from increased Deschutes River flow.
M is the income constraint.
u° is the initial level of utility.

This equation states that the individual's utility can be held constant at the initial level of
utility, u°, if the individual's income is reduced by the amount of compensating variation.
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Solving this equation in terms of the expenditure function for compensating variation. We
have that the compensating variation is the difference between the expenditure functions at
the two price levels for Deschutes River flow.

CV =e(pl,p2,u0)_e(p1??,p2,uO)

Eq.5

=M-e(pl",p2,u°)

Eq.6

These two equations state that compensating surplus is the difference between the
initial level of income, M, and the amount of expenditure necessary at the new lower price

level, pr", to produce the initial level of utility. However, with the new price level and
initial income level, utility will greater than before. This new level of utility is denoted as
U'.

M=e(pl",p2,u')

Eq.7

Now that both states (one with each price level) are specified in terms of the expenditure
function, compensating surplus can be solved for in terms of the expenditure function
(Freeman 1993).

CV=e(pl",p2,u')-e(pl",p2,u°)

Eq.8

Hence, for the individual for who utility is greater with the new level of Deschutes
River flow would be willing to pay for that Deschutes River flow in the amount of their

compensating surplus. In the Household Production framework individuals also had to
solve for two different states; the different price levels for Deschutes River flow. They

then had to decide whether or not the increase in Deschutes River Flow and the donation
of a percentage of their water right resulted in a greater level of utility than the initial state
and price level. The compensating surplus adds to this by specifying how much an
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individual would be willing to pay - in dollar terms - for the increase in Deschutes River

flow. It also clearly specifies that willingness to pay is directly resultant from the
difference between two expenditure functions (one at each price level for Deschutes River
flow) with utility held constant at the initial level.

There are two possible problems that arise from this framework. The first is the

fact that donations in this study were in terms of water rights, not dollars. The second is
the possibility that for some people increased Deschutes River flow may not be a desired

outcome at all. Donations in terms of water rights does not pose the insurmountable
problem that it may seem at first glance. If you note the fact that a person already on an
irrigation district canal does have the option of buying a water right, then a person's water
right can be seen as only constrained by that individual's income. Hence, the expenditure

function in terms of an income, and not water rights is an appropriate measure.
The solution to the second problem, Deschutes River flow as an undesirable
outcome for some individuals, is reflected in the way in which we defined compensating

surplus. Note that in equation 6 compensating surplus was not constrained as being
positive. During the pre-test, and during the data collection process many respondents
stated that they did not want Deschutes River flow to increase. Their reasons ranged

from: they thought the Deschutes River flow was good the way it is to fears about
increased river flows bringing more recreationists to the area. For these individuals it is
possible that Deschutes River flow is an economic bad, and hence they would be willing to

pay to keep Deschutes River flow at its current level. For them compensating surplus
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would be negative, or to put it another way, they would have a positive compensating
variation to keep Deschutes River flow at its current state.

Conclusions
This chapter has shown that the dichotomous choice question comes down to
which of the two options, donating and not donating, will maximize an individuals' utility.
The household production function was used to show the determinants that influence the
level and mix of final service flows, Z, and how much utility the individual will gain from

Z. The individual must implicitly solve two utility maximization problems. First, utility is
maximized with their initial endowments of environmental quality, water right, and other

characteristics. Utility is then maximized a second time with the enhanced level of
environmental quality, their water right, now reduced by the size of the posited donation,

and with their (unchanged) other characteristics. Economic theory says that a rational
person can and will make the choice that results in a higher level of utility. Hence, the
building blocks for the WTD model are the arguments in the household production model
of utility maximization.
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Chapter 4
Methodology

Contingent valuation is a methodology for estimating the values that individuals

place on goods that are not traded in the market. A large body of literature has developed
on the contingent valuation method. In addition to this, the National Oceanic and
Atmospheric Administration (1993) convened a panel which set down the guidelines that a
CV study must follow in order for the values to be used in litigation. These sources are
used to explain why certain procedures were followed. This chapter is divided into two

sections. The first is questionnaire development. The second section describes the
statistical methods used to analyze the data and develop a model of willingness to donate

water rights to augment stream flow.

Contingent Valuation
Contingent valuation is a technique used to elicit the values for goods when the
market is ill-defined, such as in the case of public goods (Mitchell and Carson 1989 p.2).

In this case the good to be valued is an increase in instream flow and enhancement of the

Deschutes River fishery. Instream flows can be defined as a public good because it is

difficult to exclude people from using the resource. A range of methods have been used
for contingent valuation; however, for particular situations the literature may point to the

most appropriate methods.
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Contingent valuation "uses survey questions to elicit people's preferences for
public goods by finding out what they would be willing to pay for specified improvements

in them" (Mitchell and Carson 1989 p.3). The main question is, how does one conduct a
survey that will elicit meaningfiul, unbiased responses to the question of willingness to

donate water to instream flows? Borrowing from Mitchell and Carson, there are three
main pieces of the contingent valuation method. The first is a detailed description of the
good in question and the hypothetical circumstances through which it is to be made

available to the respondent. The second is the question used to elicit the respondent's
willingness to pay, in this case, the donation of water. The third is the relevant set of
socioeconomic characteristics. These come from the review of literature on valuation of
water-related resources, altruism, and the household production function.
Contingent valuation is different from other nonmarket valuation techniques

because of its hypothetical nature. Respondents are asked if they would be willing to take
a certain action; they are not required to take that action. The hypothetical nature of
contingent valuation is a major cause of criticism of the method (Cummings 1986 p.46-

69). The consensus in the literature is that the bias caused by the hypothetical nature of
the survey can be reduced by including a clear, accurate, and thorough explanation of the
contingent market and the payment vehicle (Cummings 1986, NOAA 1993, Mitchell and

Carson 1989, Loomis 1994). The contingent market is the hypothetical situation through
which the good is made available, the set of substitutes for that good, and the situation
through which the good is offered. The payment vehicle is the means of paying for the
good in question, often an entrance fee or tax.
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The description of the good and the contingent market is the essence of the

contingent valuation method (Smith 1996 p.140). The NOAA Panel Report (1993) stated
that a full and accurate description of the good should be given. It also stated that
"Respondents must be reminded that their willingness to pay for the environmental

programs in question would reduce their expenditures for private goods and other public
goods." The NOAA Panel report reinforced that not only is it necessary to fully describe

the good in question, but that substitute goods and a reminder of the costs of donating
should be included. Boyle reinforces this by pointing out that one of the main
determinants of the demand for a good is the availability and price of substitute goods

(Boyle et al. 1990 p.103). A study by Whitehead et al.(1991) on the value of wetlands
showed that the inclusion of information on substitutes was essential in order for

respondents to accurately assess their willingness to pay (p. 2529). Along the same lines,
a study by Smith showed that respondents were able to tell the difference between trivial
and non-trivial environmental improvements (Smith 1996 p.140).

Hypothetical Market
A hypothetical market in a CV study should include the following (NOAA 1993):

an accurate description of the good, information on possible substitute goods, a reminder
of the possible costs of donating, an accurate description of the payment vehicle toward
which most respondents will not have a negative response. There are a few other general
rules about writing a survey questionnaire that were kept in mind throughout the
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questionnaire development process. They are to keep the questionnaire as short and
simple as possible. Another tip was to put questions that some people may find offensive

at the end of the survey (Mangione 1995). Brown et al. (1990) developed a model of
response rates based on the characteristics of the survey and the respondents. They found
that response rates were influenced by the different costs involved with filling out a
survey: physical, mental, emotional, and economic. These tended to reduce response

rates. Possible benefits, such as financial incentives and interests of the respondents, were

shown to increase response rates. Mitchell and Carson's survey design suggestions were
also followed. They include the following: keep the time it takes to complete the survey to
a minimum, and make the questionnaire as easy as possible to understand. The

description of the hypothetical market must follow the contingent valuation literature, the
suggestions of the NOAA Panel Report, and the general guidelines for constructing any
survey questionnaire.

Paragraph A below describes the survey wording that describes the good to be
valued and its benefits. Paragraph B describes the donation mechanism and the payment
vehicle. The legal circumstances under which a donation would be made was explained,

and an example was given to show the impact of donation. Paragraph C reminds the
respondent of the costs of donating and the other uses they may have for their water right.
The Deschutes River now flows at about 30 cubic feet per
second from May through September in a low flow section, from
Bend about 50 river miles downstream to Steelhead Falls.
Historically, without dams and diversions into irrigation canals, the
river flow was at about 1,400 to 1,700 cfs; now, the Oregon
Department of Fish and Wildlife recommends that a 250 cfs flow be
restored. Increased river flow would lower water temperature,
A:
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improve water quality, and enhance the rainbow trout fishery and
other recreational activities in the low flow section.

One way to increase the flow in this stretch would be for
people like yourself to donate a portion of their irrigation water.
The donated water would flow through the low flow stretch rather
than being diverted for irrigation. The water would be donated for
one year to a nonprofit organization for instream uses. If you
donated, your water right would not be subject to forfeiture from
nonuse. However, you would have to dry up a percentage of your
land. For example, if you donated ten percent of your ten-acre
water right, you would have to leave one acre without irrigation
that year. The irrigation district's per-acre charge would be paid
for that acre by the nonprofit organization.
This donation would also involve some costs to you,
perhaps in the following way: reduced crop yields, purchase of
additional feed, or less landscaping and other uses. These costs
may inhibit your ability to make other purchases.

Elicitation Methods
Several different types of elicitation methods have been used in contingent

valuation. Each has its own unique problems and virtues. These include the open ended,
auction, bid card, and dichotomous choice methods. The NOAA Panel on contingent
valuation (1993) settled on the dichotomous choice method (p. 4603), in which the
respondent is asked if she would be willing or unwilling to pay a fixed dollar amount. The
bid is a randomly assigned amount within the bid range. The bid range is determined

during the pretest (Mitchell and Carson 1989 p.218). The drawback of the dichotomous
choice method is that it requires a larger sample size due to the associated statistical
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techniques. However, the present study will generate a large enough sample to use this
technique.

The dichotomous choice format eliminates much of the room for strategic

behavior, which is a great concern in CV studies. This is not the case with other
elicitation methods such as open-ended or bidding card methods in which a respondent has
much greater leeway in behaving strategically (Mitchell and Carson 1989 p.1 64). In the

open-ended method, respondents tell the researcher what they are willing to pay with little

or no prompting. In the bidding card method respondents are basically shown a list of
prices and the researcher asks them if they would be willing to pay each price, from
smallest to largest, until the respondent says they would not be willing to pay that amount.
Another criticism of elicitation methods is that people are not familiar with paying for
some environmental goods; thus, they are easily influenced by the amount posited in the

survey. This is called starting point bias. It is most often associated with bidding card and
auction formats. It is not present in the dichotomous choice format (Loomis 1988 p.47).
The respondent is asked one question; this is much like the decision made in an everyday

shopping trip (Brown et al. 1996 p.152). The item costs P; should I buy it at this price?
This method asks a much simpler mental task of the respondent than do the open-ended or

bid cards methods. The dichotomous choice format is also more compatible with mail
surveys like the one used in this study, as no interviewer is needed as in the auction or bid

card methods (Loomis 1988 p.55).
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Payment Vehicle
There is a consensus in the contingent valuation literature that the presentation of
the contingent market should include an accurate description of the good and its

substitutes, and a reminder of the possible costs. The next step is the payment vehicle.
The current study uses donation of water as the payment vehicle. Donations of water has
not previously been used as a payment vehicle, although donations of money have been
used previously (e.g. Duffield and Neher
vehicle by Kingma

(1989)

1992).

Donations were used as the payment

in a study of the willingness to donate (WTD) to public radio

and in a study by Champ et al.

(1996)

on the willingness of Wisconsin residents to help

pay for road removal in the Grand Canyon. The problem with payment vehicles is that
they may influence the valuation of a resource if respondents have a favorable or
unfavorable reaction (Mitchell and Carson

1989 p.215).

For example, if the payment

vehicle is an added property tax, people may value the resource but hate property taxes;
hence, valuation of the good will be biased by the respondent's feelings about the payment
vehicle.

The payment vehicle used in this study is willingness to donate a percentage of an

individual's water right. As with the dollar bid amounts, the percentage range was
determined during pretest; each respondent was asked if she would be willing to donate a
randomly-chosen percentage. The actual question reads:
Would you be willing to donate
you from your irrigation district?

percent of the water available for delivery to
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The question is phrased as 'water available" because it is never certain that the full duty of

water can be delivered to each water right holder. In dry years the right holders may
receive less than the full duty. This wording eliminates problems that may occur from the
variance in river levels upstream from the irrigation district's canals.

Statistical Methods Used in Modeling Willingness to Donate
The data collected from the willingness to donate question can be used to develop

a statistical model of willingness to donate. Cameron (1987) showed how dichotomous
choice data can be used to build a willingness to pay function using a logit model. The
logit model uses a logistically distributed maximum likelihood estimation procedure to

determine the probability of donation, depending on a combination of socioeconomic and

other characteristics of the respondents. A yes response is coded as a one and a no
response is coded as a zero. The logit model will show the likelihood of donation at a
particular bid amount, given the bid amount and the characteristics of the individual in
question.

The dichotomous choice format generates a yes or no response for each
respondent to one particular bid level randomly selected for that individual. The responses

are used to develop a model which gives the probability of saying yes or no to a particular

bid level (Hanneman 1985 p.9). As presented in Chapter 3, a respondent is assumed to be
willing to pay at a particular bid level if the resultant level of utility is higher after he

purchases the environmental good, than if the respondent does not purchase the
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environmental good. The household production framework was used to develop a model
that determined a respondent's level of utility from donating or not donating a percentage
of their water right. The variables that were included in this model are used to develop a
model of the probability of donation.

The econometric model that fits this type of data is called a discrete choice model
because the dependent variable had a discrete number of values, here either "one" or

"zero". In this study the dependent variable, which was either a willing or an unwilling
response to the elicitation question, was a one if the respondent was willing to donate or a

zero if the respondent was unwilling to donate. A discrete choice model was used to
determine the probability of an outcome occurring dependent upon the theoreticallyspecified independent variables (Pindijk and Rubenfeld 1991 p.257). The econometric
model that is typically used with contingent valuation studies is the logit model. Using

maximum likelihood procedures, the logit model fits the data to the logistic cumulative

density function bounded by zero and one. The logistic distribution used to model the
probability of a willing response was (Pindijk and Rubenfeld 1991 p.255):

F(X'1B)=1/(1+exp(-X'B)

Eq. 9

The logistic regression model estimates coefficients which allow the estimation of

the probability of donation. Several earlier methods allowed the willingness to pay (WTP)
to be directly estimated from the logistic coefficients. However, a method has been
developed which allows for the estimation of the underlying WTD function from a
transformation of the logistic regression coefficients (Cameron 1988 p.359). This method
is based on the use of logistic regression and the transformation of the logistic regression
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coeficients into WTP functions. The uniqueness of this method is that it allows the effects
of a change in any or all independent variables to be more easily calculated. The formal

development follows directly from Cameron's article (1987) on efficient estimation

techniques for the dichotomous choice format. Here the underlying WTD function is
specified as:
= X'1B + U1

Eq. 10

Y1isWTP
X1 is a vector of explanatory variables

B is a vector of the coefficients on those variables
U1 is a random component with mean zero and standard deviation q

T, is the bid offered to the individual. We assume that when Y> T1 the respondent

answers yes, coded as 1. If the opposite is true, then we assume that the answer will be
no, coded as 0, Y, < T1. If we assume a logistic distribution for u, as in the logit model,
then:
Pr(Y1 =1 1X1) = Pr(Y>T)

Eq. 11

= Pr(X'B + U1> T1)

Eq. 12

=Pr(U1>T1-X'1B)

Eq. 13

= Pr(Z1> (T1-X'1B)/q)

Eq. 14

Zi is a logistically distributed random variable with mean zero.

Basically, these equations state that the probability of a donation occurring is dependent
on the probability of the resultant utility being greater with donation than without

donation. Note the argument Ui, which is the random component in the utility function.
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Here X'1B is a shorthand for all the arguments in the household production function

presented in the theory chapter.

Hence: Pr(Yi = 1 I Zi) = 1 -

- X'1B)/k)

and Pr(Y1= 0 I Z) = w((T- X'1B)/k)

Eq. 15

Eq. 16

Where w is the logistic cumulative density function and Zi is the logistically
distributed random variable with mean 0.

Equations 10 and 11 give the probability that the respondent is willing or unwilling to pay

the bid amount dependent upon the stochastic utility function. For a sample of n
observations, the joint density function for the data, F(y/t,x,B,k) can then be interpreted as
a likelihood function, L = tu1B, k,y,t,x). Taking the natural log of both sides of the

equation gives:
Log L = Sum{Y1 *Log[1..j((T1..X,B)/k)] + (1-Y)Log(i((T - XB)Ik)]}

Eq. 17

Using this log likelihood function, it is then possible to use nonlinear optimization
techniques to find coefficient estimates for B and q (Berrens et al. 1996 p.301). These

estimates can be interpreted analogously to OLS results. However these same results can
be obtained from a reparameterization of the traditional logit model (Cameron 1988

p.361). The bid variable is included in the logistic regression It is recognized that:

-(Ti,Xi) * (-1/k, W/k) = -X'Y'

Eq. 18

Where -X'Y' is the same as the X'iB used in the above log likelihood function, then
possible to solve for the B's that are interpretable in the same manner as those in the log

likelihood model above. That is,
Bi = -W1/a and k= -1/a

Eq. 19
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a is the coefficient on Ti, and Wi is the coefficient on X1, using the

traditional logit approach.
These results show that if the bid level is included as an explanatory variable, it is

possible to go from traditional logit results to a reparameterization of the model where the
coefficients for the explanatory variable are interpretable analogously to OLS results for

WTD (Cameron 1989). However, when the coefficients are reparameterized, the standard

errors also need to be calculated. The formulas for retrieving the standard errors of the
transformed coefficients use Taylor's series approximation techniques, dropping all terms

higher than the second power (Kmenta 1971 p.441). They are:
Var(k)( 1/a2)2 Var(a)

Eq. 20

Var(B1)=(W1/a2)2(Var(a)) + (- 1/a)(Var(W1)) + 2(W1/a2)(- I /a)Cov(a,W1)

Eq. 21

Using these estimates of standard error, it is then possible to construct t-statistics
for each of the coefficients to test whether they are significantly different from zero. The
coefficients on the reparameterized model are the coefficients of the underlying WTD

function. The model in this study uses a natural log as the functional form of the bid

variable. If this functional form is used, one must be aware of two things. The first is to
interpret the model as a ln(WTD) model. The second is that this functional form gives
median and not mean WTD estimates (Fried 1995 p.682). A conversion factor is used to
go from the median point estimate of WTD to a mean estimate of WTD (Berrens 1994
p.8).

Conversion Factor = 3.14159*kI(sin(3.14159*k))

Eq. 22
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These estimates of WTD are point estimates of a confidence interval within

which mean WTD will fall with 90% certainty. Cameron (1991) showed that it is
analogous to construction of confidence intervals using generalized least squares. She
also offered a guideline for constructing confidence intervals using the output from a logit

model (Cameron 1991).
Expected Y = X'1B ± t.025*(Xoq2(X'X)Xo).5

Eq. 23

When X0 is the values of the independent variables at the means.

X is the value of the independent variables

q is the standard error of the bid coefficient from the logit model

The programs used to generate the logistic regression results, transform the
logistic regression coefficients into the coefficients of a ln(WTD) model, and retrieve the
new variances for these coefficients are reported in Appendix D. The matrix programming
necessary to generate confidence intervals for the mean WTD functions and the

conversion factor between mean and median WTD are also reported there.

Development of Farm, Preference, and Socioeconomic Questions
The survey included questions on the characteristics of the individual that may

influence her decision to donate. These questions were ordered according to the
suggestions of Brown et al.(1990). They said that questions some respondents may find
offensive should be placed near the end of the questionnaire. The types of information
collected was determined by the review of literature on valuation of water-related
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resources and the arguments of the household production model of utility. These
questions were written with the earlier advice by Mangione (1995), Brown et al. (1990),
and Mitchell and Carson (1989).

The environmental attitude questions were more difficult to develop, because it is
difficult to gauge an individual's attitudes without introducing bias in the wording of the

question. Olsen developed a set of questions for tracking environmental attitudes of US
residents over a period of several years. One of his most general questions was used to
gauge general environmental attitudes of this study's sample by asking the respondents

whether they agreed, disagreed, or were neutral to an extreme statement from one side of
an environmental issue (Olsen 1992 p.45). The same tactic was used to develop a question

that gauged the attitudes towards water use in general. The question used to gauge the
environmental attitudes is as follows:

21. Please read each of the following statements and indicate whether you agree
strongly (AS), agree (A), neither agree nor disagree (N), disagree (D), or disagree
strongly (DS).
(Circle one number for each statement)
(AS) (A) (N) (D) (DS)
5
4
3
2
Economic growth should be given priority 1
over environmental protection
4
5
3
2
Water left instream is wasted water

Follow-up Questions to the Donation Question
The NOAA Panel recommends the use of a follow-up question after the
dichotomous choice question to find out why respondents responded as they did (1993

p.4609). This study used a short series of questions that depend upon whether the
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respondent was willing or unwilling to donate. There were two follow-up questions for
those who were unwilling to donate. The first, Question 12, followed the example of
Loomis (1996) where the respondents were given several categories from which to choose

and an other categoiy.
12. Which of the following best explains why you answered "unwilling" to
Question 1 1?(Circle one number)

Couldn't afford to give up the amount of water asked for
Fish and recreation aren't worth the amount of water asked for
The river wouldn't really be affected by my donation
There is already enough water in the Deschutes River
People who want more water in the Deschutes River should pay for it
Government should leave irrigators alone.
Other people will donate enough water.
Other(Specifj
)
Respondents who were unwilling to donate were also asked if they would be

willing to donate if they knew that other people would donate. The idea behind this
question is that people do not make their choices in a vacuum. The exact wording was:

13. On a scale of ito 5, 1 being very unlikely and 5 being very likely, how likely
is it that you would donate water if you were sure other water right holders would
also donate a portion of their water? (Circle one number).
The follow-up questions for those who answered "willing" to the donation

question were similar. An open-ended question was used to ask why they chose to
donate. Those donating were also asked if their willingness to donate was dependent
upon the participation of other respondents. This question is analogous to Question 13,

which was asked of respondents who were unwilling to donate. The exact question is:
1 lb. On a scale of 1 to 5, 1 being very unlikely and 5 being very likely, how likely
is it that your donation of water would depend on whether other water right
holders also agreed to donate a portion of their water?
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Question 11 a used a 10-point scale where respondents gauge the certainty of their

response. The question design followed the example of Champ et al. (1996) in a study on
the willingness to donate of Wisconsin residents to remove roads from a wilderness area

near the Grand Canyon. The scale is used to construct a conservative lower-bound
estimate by changing all willing responses to unwilling if the certainty of donation is low.

The question used is:
I la.On a scale of 1 to 10, 1 being very uncertain and 10 being very certain, how
certain are you that you would donate this amount of water?
Although the low flow in the Deschutes River is a yearly phenomenon, the initial

donations scenario was for a one-year period. To address the question for a longer period
of time, each respondent who answered willing to the one-year donation period was also
asked if they would be willing to donate the same amount of water for five years.

Summary
This chapter has shown how the literature on contingent valuation and the NOAA

Panel (1993) say that CV studies should be conducted. This includes: the details that must
be included in the hypothetical market, the preferred elicitation format, the statistical
methods available for estimation of WTD, and the follow-up questions that can be used to

gather data on why respondents choose to answer willing or unwilling. In essence this
chapter detailed how the literature and the NOAA Panel say to construct a questionnaire,
collect data, and use that data to estimate a WTD function.
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Chapter 5
Pretesting and Data Collection

This section explains how and why pretesting was done. It also details how the

data-collection process was conducted. The NOAA Panel and the CV literature clearly
specify how to conduct a pretest. They say that two methods should be used to test a

survey instrument. These are to use focus groups and do a trial run of the survey
(Edward 1987, Mitchell and Carson 1989). Prior to the pretesting, the questionnaire was
reviewed by a mail survey specialist at Oregon State University's Survey Research Center,
who gave assistance in formatting the questionnaire and wording the questions.

The focus group was not used in the traditional sense. Instead, ten members of the
sample frame were contacted for an in-person interview. The respondents were asked to

complete the survey instrument. They were then asked to assess the ease ofunderstanding
the hypothetical market and questions posed in the questionnaire. The in-person
interviews resulted in only minor questionnaire changes.

The intent of the pretest was to ensure that the model is tested with reliable data.
The questionnaire was sent to twenty-five district members each from Swalley and Tumalo

Irrigation Districts as the pretest. Half of the sample was contacted by phone two to three
days after they had received the questionnaire. They were asked questions about the
hypothetical market, to determine whether or not the description of the hypothetical
market had been clear. The respondents were also asked about the ease of following the
questionnaire's instructions. Only a few minor changes in question order and
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questionnaire format were made as a result of this pretest. Over 40 percent of the pretest
sample responded by mail.

The bid range was determined during the pretest. An earlier study by Kiest (1995)
of residents in central Oregon asked respondents about the same stretch of the Deschutes
River. The sample was composed of individuals who had moved into their homes within

the last three years; it does not reflect the more general sample used in the present study.

Her question read, "Would you be willing to donate 10 percent of your water during an
especially dry year to help increase instream flow?" Nearly 40 percent of respondents
who were water right holders said they would be "likely" or "very likely" to donate 10%
of their water rights.

During the pretest of the current study's survey instrument, "willing" responses
were received at the 10 percent to the 50 percent level. The phone interviews reinforced

that 50 percent of a respondent's water rights would be the approximate upper bound for
the bid range. The lower bound on the bid range was 10%, any smaller percent would be
impossible to monitor. Kanninnen (1995) suggested that the bulk of the bids be kept out
of the tails of the bid distribution. Following her suggestions, the higher bids were used
less frequently. The bid levels and the rates at which they were used: 1O%(33%),
15%(19%), 20% (19%), 25% (12%), 30% (12%), and 50% (5%).
The population of interest for this study were the members of the irrigation

districts that divert water from the Deschutes River in the area of Bend, Oregon. These
are Swalley, Tumalo, North Unit, Arnold, and the Central Oregon Irrigation Districts.

Due to the statistical techniques used with the dichotomous choice format, a large sample
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is required Four of the irrigation districts provided a complete lists of their membership.
These districts were sampled at approximately a 10 percent rate. The Central Oregon
Irrigation District did not provide an address list. Instead, a map provided by the
Watermaster's Office in Bend was used to generate a geographic sample of COlD using

tax lot data (Map A). However not every property owner in the geographic boundary of
COlD was a water right holder. The effective sampling rate for COlD was 5.7 percent.
The guidelines of Mangione (1995) on how to generate a random sample were followed.
This random sample made it possible to make statistical inferences about the five irrigation
districts individually. Composite statistics for all five irrigation districts combined will be

done, but the disparity in sampling rates must be acknowledged.
The NOAA Panel (1993) suggests that in-person interviews should be used.
However, due to the expense of this method and the possibility of bias introduced by the

interviewer, the mail method was chosen. The survey was pretested for readability and
ease of understanding; therefore, there was little need for an interviewer to explain the

hypothetical market or any of the other questions. Each respondent chosen by the random
sampling process was sent a packet containing a cover letter that outlined the purpose of

the study, the survey instrument, and a postage-paid return envelope. If no response was

received, after two weeks, a reminder card was sent to all nonrespondents. If no
response was received after two more weeks, then a new cover letter and questionnaire

were sent. A final reminder card was two weeks later if no response had been received.
These procedures were followed to minimize nonresponse bias. This occurs when
nonrespondents have different characteristics than respondents. The NOAA Panel
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encouraged getting high response rates to avoid nonresponse bias. Mangione gives a
rating system for different levels of response. Over 85% is the level at which there is little

or no worry about nonresponse bias. Rates between 70% and 85% are very good, and
rates between 60% to 70% are acceptable (Mangione 1995 p.20). Table B below shows
this study's response rates fall in either Mangione' s very good or acceptable categories.

Table B
Response Rates for the Mail Questionnaire

Adj.

North

Total
Tumalo Swalley COlD Arnold Total
530
550
65
250
65
83
87
366
386
46
175
46
57
62

Total Sent
Received
13
13
0
3
3
3
4
Protest
28
0
28
28
0
0
0
No Water
15
0
5
6
3
1
Moved
5
0
3
0
2
0
Address
problem
325
325
46
136
37
49
57
Usable
0.708 0.702 0.690
0.70
0.708
0.713 0.687
% Returned
0.589 0.611
0.544 0.692
0.569
0.655 0.590
% Usable
Returned
Adjusted totals were calculated by removing "moved" and "address" problems from
the sample.

"Usable returned" were all responses that were returned and completed.
"No Water" means respondents did not have water rights.
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Summary of the Data

The data collected in this study came from 325 survey responses. Each individual
in the study was a member of an irrigation district. Hence, the summary statistics reported
in this section gave information on the characteristics of individuals in one of the five

irrigation districts (Table C). These data were not a random sample of property holders in
Desehutes and Jefferson Counties. Instead, they come from a random sample of the
members of the five irrigation districts: North Unit, COD, Swalley, Tumalo, and Arnold.
The mean acreage for all districts members was 64.2 acres, while the mean size of

water right was 27.8 acres. Each had a standard deviation twice as large as the means.
The average bid size was 5.32 acres of water right.
Each respondent was asked which of the following irrigation technologies was

their primary irrigation method: hand lines, solid set, side wheel, and flood. The more
common irrigation technology was the hand line (38.7 percent of respondents). Gross
sales of agricultural products in 1995 varied widely with a mean of approximately $11,000
and a standard deviation three times as large. Approximately fifty-four percent of the

sample had agricultural sales. Over 60 percent of the sample said they used their water
rights to raise livestock.

Recreation is an important part of the economy in central Oregon. Over 42
percent of the sample said that they had gone boating in the last 12 months and a fill 48
percent said that they had gone fishing within the last 12 months. This showed that over
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half the sample would not benefit from what are most likely the primary sources of use
value of instream flow: boating and fishing.

The remaining variables of interest are the socioeconomic characteristics of the

respondents. The education variable showed that the mean education level is a 5 on a 9
point scale, which is roughly two years of college education. The mean income was also a

5 on the nine-point scale. A 5 on this scale roughly translates to the income range of
$40,000 to $50,000; The sample was 78.7 percent male, and had lived at their current
residence for 13 years. Approximately 17 percent of the sample said that they belonged to
a local environmental organization. The environmental attitudes of the respondents were

gauged by their response on a five-point scale to different controversial statements. The
first measured their general environmental attitudes, the second their views toward the use

of water. The mean response to the general environmental statement ("Economic growth
should be given priority over environmental protection") was a 3.2, which was at the level

of neither agree nor disagree. The mean response to the water use statement was a 3.8,
indicating that they disagreed with the statement, "Water left instream is wasted water".
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Table C
Summary Statistics of the Data

MINIMUM

MAXIMUM

NAME

N

MEAN

ST. DEV

ACRES

325

64.204

256.98

0.20000

3400.0

Water

325

27.848

59.525

0.20000

500.00

BID%

325

18.862

9.8254

10.0000

50.000

WBID

325

5.3243

13.681

0.02000

140.00

LNWBID

325

0.29466

1.5763

-3.9120

4.9416

LIVESTOCK 325

0.60615

0.48935

0.00000

1.0000

HAND

325

0.38769

0.48798

0.00000

1.0000

SOLID

325

0.15077

0.35838

0.00000

1.0000

SIDE

325

0.14154

0.34911

0.00000

1.0000

FLOOD

325

0.20923

0.40739

0.00000

1.0000

SALE

325

11.029

38.952

0.00000

400.00

BOATING

325

0.4215

0.49457

0.00000

1.0000

FISHING

325

0.4892

0.50065

0.00000

1.0000

ED

325

5.0338

1.9250

1.0000

9.0000

INC

325

5.0923

1.9303

1.0000

9.0000

GENDER

325

0.7876

0.40957

0.00000

1.0000

RES

325

13.219

16.125

0.00000

233.00

LOCAL ENV

325

0.1662

0.37279

0.00000

1.0000

325

3.2431

1.2067

1.0000

5.0000

WATER ATT 325

3.8246

1.1399

1.0000

5.0000

ENV ATT

The means of each variable were also calculated for each irrigation district. This

information is reported in Table T in Appendix C. Recall that the data were a random
sample within each district, and not a random sample from all five irrigation districts.

Therefore, it was possible to estimate the means for each of the variables for each district.
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The farm characteristics of the five districts varied widely. Respondents from the

North Unit had the largest holdings of land and water rights. They also had over ten times

the mean agricultural sales of the other irrigation districts in 1995. Those in COD had the
second largest holdings of land and water rights. They also had the second highest mean
agricultural sales. The other three districts all had smaller holdings and lower agricultural

sales. Irrigation technologies also differed by district with the North Unit using more
efficient technologies than the other districts, and COD using the least efficient
technologies.
The Socioeconomic and recreational variables are nearly the same for all five

districts. Tumalo has the highest income and educational levels, the North Unit has the
lowest. However, all districts are within 1 point on the 9-point scale for both of these
characteristics. The recreational variables are again tightly matched with participation
rates between 58 percent and 33 percent for both boating and fishing for all five districts.
The data gave a picture of the members of the five districts as being similar in regards to
socioeconomic characteristics, but varying in their farm characteristics.

Distribution of Bids by Acreage
The percentage of a respondent's water right asked for was randomly assigned

from the distribution of bid percentages used. The percentage of the water right requested
as a donation is not the metric in the models of WTD. WTD is measured in acres of water
right donated. This conversion is made by multiplying the percentage requested by the
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acres of water right held by the respondent. These bid sizes varied widely, from .01 acre

to 140 acres of water right. The largest bid that was accepted was 100 acres of water
right, and the total of all the bids accepted was 167 acres. Hence, one might expect the
largest accepted bid to exert a strong influence on the statistical results.

Characteristics of Willing and Unwilling Respondents
As expected there were differences between the characteristics of those
respondents who were willing to donate and those who were unwilling to donate.
Respondents who were unwilling to donate had an average of 10 more acres of water

rights than did willing respondents. They also had 8 more acres of property. Willing
respondents on average used their water less for commercial agriculture; their average
agricultural sales were $821 compared to $12,670 for the unwilling respondents. Willing

respondents boated more often, 64.4 % to 38.5%, but fished less often, 46.6% to 49.3%.
Willing respondents were two years younger, had higher incomes, and more education on
average than the unwilling respondents. They also disagreed more strongly with the
controversial environmental and water statements and belonged to local environmental

groups at twice the rate - 28% compared to 14% - of the unwilling respondents.

Table D

below details the differences in the means and standard deviations between the two

categories of respondents. This information will be useful when examining the models of
WTD in Chapters 7 and 8.
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Table D
Comparison of Respondents: "Willing" and "Unwilling"

Willing Respondents

Unwilling Respondents

Name
WR

MEAN

Mean
29.119

ST. DEV.
56.448

ACRES

57.290

269.21

65.3 15

255.45

D4

0.46667

0.5045

0.62857

0.4841

SIDE

0.06666

0.2522

0. 15357

0.36 12

HAND

0.51111

0.5055

0.36786

0.483 1

SOLID

0.13333

0.3437

0. 15357

0.3612

FLOOD

0.17778

0.3866

0.21429

0.41 10

OTHER

0.20000

0.6605

0. 09 642

0.2957

SALES

821.76

2102.0

12670

41735

BOAT

0.64444

0.484 1

0.38571

0.4876

FISH

0.46667

0.5045

0.49286

0.5008

GENDER

0.82222

0.3866

0.78214

0.4135

AGE

51.622

10.334

53.990

12.326

ED

5.8222

1.9340

4.9071

1.8966

INC

5.9111

1.9519

4.9607

1.8975

RES

10.211

9.5510

13 .703

16.908

Local Env

0.2889

0.4583

0.14643

0.3 54 1

Env. Att.

3.8000

1.2358

3. 1536

1.1799

Water Att.

4.3778

0.9603

3.7357

1. 1429

19.937

ST. DEV.
76.236
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Chapter 6
Statistical Analysis of Willingness to Donate

The theoretical model of WTD is based on the level of utility that respondents
receive from donating water, compared with the level of utility they would have if they

didn't donate. The formal outline of this argument is presented in Chapter 3; however, a
short review of the household production framework is presented here. The household
production ftmction assumes "that there is a set of technical relations among goods used
by households in the implicit production of utility yielding final services" (Freeman 1993
p.102). In the household production framework, utility is a function of the final service

flows produced with the initial goods and the set of technical relationships. Utility is equal
to:

Eq.!

U=U(Z)U(Zi,

S is a vector of socioeconomic characteristics and preferences. F is a vector of farm
characteristics, and Z is produced with a technology common to all households:
Z

Z(X,

Q,

W), forj

1,..,n

Eq. 2

X is a vector of market goods available at prices P,, and Q represents a vector of
environmental quality (Freeman, 1993 p. 102). In this analysis, W is the water available to
the respondent. The choice for the individual is to maximize utility (Equation 1) subject to
Equation 2 and the budget constraint.

P*XM

Eq.3
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The individual solves this problem through a two-step procedure. The first is to combine
market goods, the amount of water available, and the endowment of environmental quality
such that they minimize the cost of producing the final services. The second step is to
maximize utility (Equation 1) subject to the budget constraint (Freeman 1993 p.103).
Recall from Chapter 3 that the dichotomous choice question comes down to
whether or not the individual would gain more utility from donating a portion of her water
rights than not donating. Hence, the individual must implicitly solve two utility
maximization problems in order to make their donation decision. The first is with their
initial endowments of water rights and environmental quality. The second is with the new
level of environmental quality and size of water right resulting from a donation.

Recall also from Chapters 3 and 4 that farm characteristics, preferences, and
socioeconomic characteristics were the determinants in the utility ftinction for the

individual. The farm characteristics that were thought to be important were irrigation
technologies, irrigation district, agricultural sales, and the different uses of water. The
socioeconomic characteristics thought to be of importance were education, income,
environmental attitudes, and recreational habits. The initial size of the water rights and the
size of the bid are central to the utility maximization problem. The theory and methods
chapters showed that the arguments in the utility function are what determine the

probability of donation. These probabilities are estimated using logistic regression. Also,
they are the independent variables in the underlying WTD function which is estimated

using a transformation of the probabilistic logit model. Hence, two equations are
estimated for each model of WTD. The first is a probabilistic model in which the
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independent variables determine the probability of a donation occurring. The second
equation is a WTD function estimated through a transformation of the probabilistic
equation. In the later equation the independent variables directly show their influence on

WTD in the same manner as do ordinary least squares (OLS) coefficients. Hence, two
equations are estimated for each model of WTD.

One-Year Donation Models
The logit model fits the data to a logistic distribution to estimate the effect of each
independent variable on the probability of donating:

1/(1 + exp(-BX))

Eq. 19

X is a vector of the independent variables and B is a vector of the coefficients on those

variables estimated through logistic regression. The dependent variable for this model is

the response to an one-year-donation question. Forty-five of 325 (13.8%) respondents
said that they would be willing to donate water for the one-year period. The total of the
bids to which respondents answered "willing" was 167 acres of water rights. To interpret
the logistic regression coefficients in terms of probabilities the values for the explanatory
variables and their coefficients are put back in the logistic distribution (Equation 19) to
find the probability that a donation will occur.

The estimates of this model are consistent with the expectations developed through
the literature search and economic theory. Table E below gives the logistic regression
coefficients and asymptotic standard errors. Only 1 of the 18 explanatory variables had a
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sign different from what was expected. The most important variable, the natural log of the
bid, had the expected sign - negative - and was significant at the 90% level. The size of a

respondent's water right was positively correlated with the probability of donating and is
significant at the 90% level. An individual's water rights can be thought of analogously to

an income constraint. Hence, it is not surprising that it is positively correlated with WTD.
Education and income are both positively correlated with WTD, as expected and and are
significant at the 90% level.

The recreation variables involved mixed findings. Those who boated within the
last year were more likely to donate, but those who had gone fishing in the last year were

less likely to donate. If river flows increase, boating opportunities would increase;
however, the negative sign for the fishing variable was counterintuitive. Both of these
variables were statistically significant at the 90% level.

The agricultural sales variable had the expected sign - negative - but was not

significant at the 90% level. It was not surprising that the more income an individual
received from agricultural production, which in central Oregon is heavily dependent upon

irrigation, the less likely he is to donate water. Signs on irrigation technologies are as
expected. The more efficient irrigation technologies - hand lines and side wheels - were
positively correlated with WTD, but hand lines nonsignificant. The less efficient methods

- solid set and flood irrigation - were both negatively correlated with WTD and
nonsignificant.

The irrigation district variables also involved mixed results. The three districts,
Central Oregon, Swalley, and Arnold, are all positively correlated with WTD and
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significant at the 90%. The other two districts had t statistics of less than 0.5 in an

unreported run of the model. These were dropped here due to concerns about extraneous
variables decreasing the efficiency of the logistic regression. Also, there is no theoretical
guidance to which districts should be included in the model.

The variable LOCAL ENV is a yes/no response to whether the respondent

belonged to a local or state environmental organization. As expected, belonging to an
environmental organization was positively correlated with WTD and it is significant at the

90% level. The variable ENV ATT is a measure of a person's environmental opinions on

a scale of I to 5, gauged by his reaction to the statement, "Economic growth should be
given priority over environmental protection." Not surprisingly, the more the respondent
disagreed with that statement, the more likely they were to donate. This variable is
significant at the 90% level.

The fit of the model is determined by the McFadden R2 and the percentage of

correct predictions. The McFadden R2 is a pseudo R2. It is a continuous function
between 0 and 1 and increases with the goodness of fit, but it can not be interpreted as the
amount of the variance explained, as is the case of R2 for OLS. The McFadden R2 is

.3165. This is higher than other published studies included in the literature search. For
example, a 1996 study by Berrens et al. reported a McFadden R2 of 0.144, while Fried et
al. (1995) had a McFadden R2 of 0.22.

The other common measure of a logistic regression's goodness of fit is the

percentage of correct predictions. If the computed probability for a respondent was
greater than 50 percent, they were counted as a willing response; if under 50 percent, they
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were counted as unwilling. These computed results were compared with the actual data.
The logistic model predicted the correct actual response for 85.5 percent of the responses.

By comparison, Fried et at. (1995) reported an 81 percent correct prediction rate and the
seminal 1988 article by Cameron et al. reported an 82.9 percent correct prediction rate.

Table E
Logit Results for the One-Year WTD Model

VARIABLE
NAME
LNWBID*

ESTIMATED
COEFFICIENT
-0.58260

WE IGHTED

ASYMPTOTIC
STANDARD
ERROR

T-RATIO

0. 22530

-2.5859

ELASTICITY
AT MEANS
-0.16836

WR* *

0.01803

0. 011579

1. 5571

0. 49241

ED* *

0.16858

0. 10772

1. 5649

0. 83222

INC*

0.26778

0.12073

2.2 181

1. 3373

BOAT *

1. 0636

0. 44283

2.4018

0. 43971

FISH**

-0.71244

0. 43246

-1. 6474

-0. 34183

LIVESTOCK*

-1.1008

0. 43375

-2. 5379

-0.65439

SALE * * *

-0.15554

0. 11090

-1. 4026

-1. 6824

HAND* * *

1. 0114

0. 68412

1. 4783

0.38454

FLOOD

0.07009

0. 81025

0. 0865

0. 01438

SIDE

1. 4290

1. 1216

1. 2740

0. 19835
-0. 082 70

-0. 55935

0. 77364

-0. 72302

SWA*

2. 1097

0. 70837

2.9783

0. 23555

ARN * * *

1. 0803

0. 73021

1. 4794

0. 14670

COlD *

1. 8281

0. 61565

2.9694

0.75576

LOCAL ENV*

1. 1624

0.52195

2.2269

0.18941

ENV. ATT**

0. 3441

0. 18112

1.8996

1. 0943

-5. 4320

-7 .0444

SOLID

CONSTANT*

-7. 1829

* statistically significant at 95%
** statistically significant at 90%
statistically significant at 80%

1. 3223
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Table E Continued
Goodness of Fit Measures

Log-likelihood function = -89.326

Log-likelihood(0) = -130.70
Likelihood ratio test = 82.7523
0.224 8
Maddala R-square

with

17 d.f.

Cragg-Uhler R-square 0.40678
0.31657
Mcfadden R-square
0.27872
Adjusted for degrees of freedom
with
Approximately f-distributed 0.49045
0.28027
Chow R-square
Percentage of right predictions = 0.85538

17 and

18 d.f.

The logistic regression results can be transformed into the WTD function using the

procedure outlined in Chapter 4 (Cameron 1988 p.360). Recall that the coefficient on
LNWBID was used to transform each of the other coefficients by dividing through by its

negative, in this case .582. The K reported below is the negative inverse of the LNWBID
variable. It is the dispersion parameter of the bid responses, and it allows the underlying

WTD function to be identified (Cameron 1988). The standard errors were constructed
using a second-order approximation of a Taylor's series expansion of the formula for the
variance of transformed coefficients (Kmenta 1971 p.441). Table F below shows the
transformed coefficients and their t-statistics.
The signs of the coefficients remain the same; however, one should not expect the

t-statistics to remain the same through the transformation, because the standard errors are
also transformed in the estimation of WTD. Some of the explanatory variables that were
significant in the probabilistic model of willingness to donate show themselves to be
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nonsignificant in the underlying WTD model. FISH, LIVESTOCK, SWALLEY, COlD,
BOAT, SALE, LOCAL ENV ,and the constant term are significant at the 90% level.

TABLE F
One-Year Model of ln(WTD)

Variable
K*

Coefficient
1.7164

T-Stat
-7.618

WR

.031

.343

ED

.289

.890

INC

.460

1.189

BOAT**

1.83

1.821

FISH*

-1.22

-2.985

LWESTOCK*

-1.89

-5.062

SALE**

-.267

-1.610

HAND*

1.740

1.472

FLOOD

.120

.0863

SiDE

2.452

.1.372

SOLID

-.960

-.765

SWA*

3.621

2.443

ARN***

1.854

1.400

COID*

3.137

2.523

LOCAL ENV**

1.995

1.750

ENVATT

.590

1.179

CONSTANT*

-12.323

-4.922

statistically significant at 95%
statistically significant at 90%
statistically significant at 80%
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This model of the natural log of WTD can be used to generate both median and

mean point estimates for WTD. The model in its present form gives a median point
estimate. The conversion factor presented in Chapter 4 allows an estimate for the mean of
the sample to be generated (Equation 17). The median WTD for this sample is .00158 1

acres of water right. The mean WTD for this sample is .0 1097 acres of water right.
These estimates show that WTD is quite low for the average individual in the sample.

Confidence intervals are constructed about mean WTD by a procedure analogous to that
used with generalized least squares results. The 90 percent confidence interval for mean

WTD is from 0 to 30.22 acres of water rights. The confidence interval is truncated at 0
on the lower end.

Conservative Estimate for the One-Year WTD Model
One of the limitations of the contingent valuation method is that it elicits responses

to survey questions and does not require individuals to make the donations or payments

they say they would make. The literature review showed that CV estimates were most
reliable when respondents are the most serious about their responses. For example,
Champ et al. (1995) developed a means of constructing a conservative estimates of WTP
where the respondents themselves tell how certain they are that they would actually

behave in the manner they state in the survey (Champ 1995 p.10). Question 1 la asks
respondents to gauge the certainty of their donatiOn on a ten-point scale.
1 Ia. On a scale of I to 10, 1 being very uncertain and 10 being very certain, how
certain are you that you would donate this amount of water?
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Table G below gives the distribution of the certainty responses. Note that unwilling
respondents did not answer Question 1 la and are denoted in the table as "Unwilling".

The responses to these questions were used to construct a more conservative estimate of
WTD by accepting as a willing response only those who said they were certain at an
arbitrary level of 7 or higher. One could construct more or less conservative estimates.

TABLE G
Question 1 la. Certainty of Donation

FREQUENCY PERCENT
0.85538
UNWILLING 278
VALUE

2.00

1

0.00308

3.00

1

0.00308

4.00

2

0.00615

5.00

8

0.02462

6.00

2

0.00615

7.00

8

0.02462

8.00

6

0.01846

9.00

8

0.02462

10.0

11

0.03385

This construction of the WTD estimate had 33 respondents who were willing to

donate water with a certainty of 7 or higher. However, it should be noted that the two
largest bids - 100 and 32 acres of water rights - had certainties less than 7. It was thus
expected that WTD responses would be significantly lower in this model. The logistic
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regression coefficients, asymptotic standard errors, and goodness of fit measures are
reported in Table H. The signs of all the coefficients are the same as in the general oneyear model, but the t-statistics are lower. Three variables significant in the original model
are nonsignificant in the conservative model. These are the size of the water right, and the
boating and fishing variables. The t-statistics fall in this model because there is less
variance in the dependent variables; over 90 percent of all responses are counted as

unwilling. However, the significance of the variables INCOME, LOCAL ENV, and ENV
ATT stay nearly as high as they were in the original model of WTD. As before, the

goodness of fit measures are robust, compared to other studies. The percent correct
prediction went up to 89.8 percent, while the McFadden R2 fell to .292. It should not be
surprising that the percent correct prediction goes up, because the independent variable is
more homogenous for this construction of WTD.
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TABLE H
Logit Results for the Conservative One-Year Model

VARIABLE
NAME
LNWBID***

ESTIMATED
COEFFICIENT
-0.29504

ASYMPTOTIC
STANDARD
ERROR

T-RATIO

0. 22472

-1.3129

WEIGHTED
ELASTICITY
AT MEANS
-0.08557
0.1139

WR

0.00415

0. 00625

0.6634

ED* *

0.22068

0.12321

1.7910

1.0934

INC*

0.35967

0.14329

2.5101

1.8028

BOAT

0.42297

0. 47911

0.88282

0.17549

FISH

-0.14720

0.47582

-0.30935

-0.07088

LIVESTOCK

-0.59616

0. 47621

-1.2519

-0.35568

SALE

-0.12605

0. 12270

-1.0273

-1.3684

HAND

0.52209

0.71707

0.72809

0.19923

-0.96024

0. 91474

-1.0497

-0.19775

1. 3766

0.03083

0.00591

-1. 1206

0. 86440

-1.2964

-0.16630

SWA* * *

1. 0772

0. 73870

1.4583

0.12071

ARN

0.53786

0.73949

0.72733

0.07330

CIO**

1.0031

0.60384

1.6613

0.41621

LOCAL ENV*

1. 4684

0.53092

2.7658

0.24014

ENV ATT**

0. 40791

0. 209 50

1.9471

1.3021

CONSTANT *

-7.4881

1. 4485

-5.1697

-7.3704

FLOOD
SIDE

0. 04244

SOLID

*
**
***

statistically significant a195%
statistically significant at 90%
statistically significant a.t 80%

Goodness of Fit Measures

Log-likelihood function

-75.521

Log-likelihood(0) = -106.75
Likelihood ratio test = 62.4512 with

17 d.f.

0.1748
Maddala R-square
0.29252
Mcfadden R-square
0.25335
Adjusted for degrees of freedom
with
Approximately f-distributed 0.43779
0.242 19
Chow R-square
Percentage of right predictions = 0 89846

17 and

18 d.f.
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The underlying WTD frmnction was estimated for the conservative model using the

same procedures as used for the original model of WTD. For this model, however, most
of the transformed coefficients in this model are nonsignificant. Table I gives the

transformed coefficients and their t-statistics. The small magnitude of the t-statistics is an
unsurprising result given the low variability in the independent variable. Those variables

that are still significant at the 90 percent level are SOLID, FLOOD, LOCAL ENV, and

the constant term. The median point estimate for WTD is 1.093 * 1O, or essentially zero
acres of water rights. The estimate for the mean WTD is 1.237

*

The confidence

intervals for these estimates are from 0 to 118.2 acres of water right. Again, it is not
surprising that the confidence intervals should be so wide because the standard errors for
each of the explanatory variables are large.
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TABLE I
Conservative One-Year Model of ln(WTD)
Variable
K*

Coefficient
3.389

T-Stat
-15.083

WR

.0141

.0841

ED

.748

.587

INC

1.219

.776

BOAT

1.434

.603

FISH

-.499

-.403

LIVESTOCK

-2.021

-.750

SALE

-.427

-.545

HAND

1.770

.632

FLOOD***

-3.254

-1.486

SiDE

.144

.031

SOLID*

-3.789

-2.533

SWA

3.651

.997

ARN

1.823

.604

COD

3.400

1.066

LOCAL ENV***

4.977

1.376

ENVATT

1.383

.755

CONSTANT*

-25.380

-2.841

*
**
***

statistically significant at 95%
statistically significant at 90%
statistically significant at 80%
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Five-Year Model of Willingness to Donate
The five-year model of WTD has the same theoretical argument as the one-year

donation model. Thirty-two of 325 (9.8%) respondents said that they would be willing to

donate the posited percentage of their water rights for the five-year period. It should be
noted that the larger donators also responded as willing to donate for the five-year period.
Table J below gives the logistic regression results and the goodness of fit measures. All of
the signs on the coefficients in this model are the same as before, except SIDE. It is no
longer positive, but it is no longer statistically significant. The t-statistics for the variables
SALE and HAND decreased to the point where they were not significant at even the 80

percent level. However, the t-statistics for the rest of the variables either stay about the
same or increased. The goodness of fit statistics for this model are higher than those in
the original WTD model for the one-year period. This model has a McFadden R2 of .375

and a correct prediction rate of 90 percent. The five-year model had the best fit of any of
the models presented in this study.
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TABLE J
Logit Results for the Five-Year Model

VARIABLE
NAME
LNWBID*

ESTIMATED
COEFFICIENT
-0.56052

ASYMPTOTIC
STANDARD
ERROR

WE IGHTED

T-RATIO

0. 25091

-2.2339

ELASTICITY
AT MEANS
-0.16288

WR* *

0. 01394

0. 00775

1.7989

0.38310

ED* * *

0.19559

0.13218

1.4798

0.97099

INC*

0. 35696

0. 15281

2.3359

1.7926

BOAT*

1. 59480

0. 54273

2.9385

0.66299

FISH**

-0.91922

0. 51776

-1.7754

-0.44350

LIVESTOCK*

-1. 04410

0. 52114

-2.0035

-0.62414

SALE

-0. 09673

0. 11887

-0.81378

-1.0521

HAND

0. 22825

0. 71787

0.31795

0.08727

FLOOD

-1. 0979

0. 94230

-1.1652

-0.22655

SIDE

-0. 06475

1. 4853

-0.0436

-0.00904

SOLID

-0.95488

0. 83457

-1.1442

-0.14198

SWA**

1. 5670

0. 83373

1.8795

0.17594

ARN* * *

1. 0696

0. 82029

1.3039

0.14606

CI0*

1. 6232

0. 70413

2.3052

0.67477

LOCAL ENV*

1. 4936

0. 58070

2.5721

0.24475

ENV ATT*

0. 47346

0.23066

2.0526

1.5143

CONSTANT*

-8.3169

1. 6363

-5.0828

-8.2021

*
**

***

statistically significant at 95%
statistically significant at 90%
statistically significant at 80%

Goodness of Fit Measures

Log-likelihood fi.inction = -65.286

Log-likelihood(0) = -104.55
Likelihood ratio test = 78.5265

with 17 d.f
0.2146
Maddala R-square
0.45237
Cragg-Uhler R-square
0.37555
Mcfadden R-square
0.34097
Adjusted for degrees of freedom
17 and
with
Approximately f-distributed 0.63678
0.28832
Chow R-square
0.9015
Percentage of right predictions

18 di'.
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Table K gives the model of WTD estimated through the transformation of the
logistics regression coefficients by the negative inverse of the LNWBID variable. The
signs for all of the variables remained the same with the transformation. However, their
magnitudes and statistical significance were different from those in the probabilistic model

above. The water rights variable failed to be significant at any level in this model, as did

EDUCATION and all the irrigation technology variables except FLOOD. The rest of the
variables were significant at least at the 90 percent level. Note that SALE was significant
in the model of WTD, while it was not significant in the logistic regression model. The
signs on all of the variables are the expected signs, except for that on FISH.
The point estimates generated with this model for the median and the mean WTD

are lower than those generated for the one-year model, but higher than those of the
conservative one-year estimates. The estimated median is 6.662 * I O and the estimated
mean is 5.191 * 1 0 acres of water right. The conversion factor between the two is given

in the Chapter 4. The confidence interval for the five-year model is again bounded by 0 on
the lower end and is 41.12 acres of water rights on the upper end.

74

TABLE K
Five-Year Model of ln(WTD)

Variable
K*

Coefficient
1.784

T-Stat
-7.110

WR

.0249

.263

ED

.349

.831

INC***

.637

1.227

BOAT*

2.845

2.087

FISH*

-1.640

-6.557

LIVESTOCK*

-1.863

-2.946

SALE**

-0.173

-1.765

HAND

.407

.3157

FLOOD

-1.958

-1.260

SIDE

-.116

-.0434

SOLID

-1.704

-1.297

SWA***

2.796

1.610

ARN

1.908

1.224

COID*

2.896

2.013

LOCAL ENV**

2.665

1.870

ENVATT

0.845

1.201

CONSTANT*

-14.828

-4.625

*

**
***

statistically significant at 95%
statistically significant at 90%
statistically significant at 80%
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Conservative Five-Year Model of Willingness to Donate
The conservative construction of WTD for the five-year donation used the same

procedure as did the conservative one-year model. The results from Question 1 la,
presented in Table G, are used as the guide as to whether a willing survey response was

used as a willing response in the conservative model. Recall that this study used a cut-off
point of 7 to construct the conservative estimates of WTD. For this estimate of WTD, 22
out of the 325 respondents in the sample are counted as willing to donate. In this
construction the largest two bids drop out (counted as unwilling responses). It should be
no surprise that two things happen in the estimation of this model. The first is that the
WTD estimates are extremely low. The second is that the statistical significance of the
coefficients and of the model itself decreases as the amount of variance in the independent
variable decreases.

The signs of a few of the coefficients in this model are surprising. The WR
variable has a negative sign and all of the irrigation technology variables are negative. The
rest of the signs are the same as in the one-year model. The following variables are
nonsignificant at the 90 percent level: LNWBID, WR, FISH, SALE, HAND, SIDE,
SWALLEY, LIVESTOCK, and Flood. This model has the most nonsignificant variables

of the four presented. INCOME, EDUCATION, BOAT, COlD, LOCAL ENV, and ENV
ATT are all positive and significant at least at the 80 percent level. SOLID and

CONSTANT are negative and significant at the 90 percent level. The goodness of fit
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measures for this model appear to be higher than in the other models; however, there is
less reliability of the estimates due to the lack of variance in the data set.

TABLE L
Logit Results for the Conservative Five-Year Model

VARIABLE
NAME
LNWBID

WR

ESTIMATED
COEFFICIENT

ASYMPTOTIC
STANDARD
ERROR

T-RATIO

WEIGHTED
ELASTICITY
AT MEANS

-0. 30591

0. 27678

-1. 1053

-0. 09011

-0. 00161

0. 01390

-0.11604

-0. 04491

ED * * *

0. 20981

0. 15540

1. 3501

1. 0558

INC*

0.46996

0.19305

2. 4344

2. 3924

BOAT*

1. 4408

0. 63440

2.2712

0. 607 17

-0. 71655

0.59720

-1. 1998

-0. 35044

LIVESTOCK*** -0.88042

0.60130

-1. 4642

-0. 53349

SALE

-0. 07478

0.15138

-0. 49399

-0.82446

HAND

-0.01518

0. 77401

-0. 01962

-0. 00588

FLOOD * * *

-1. 6313

1. 0690

-1. 5260

FISH

-0. 34120

SIDE

-24. 185

89993

SOLID*

-2.3636

1.1260

-2.0992

-0.35625

SWA

0. 54927

0. 98544

0.55738

0. 06251

ARN

0. 68033

0. 86874

0. 78313

0. 09416

COlD * * *

1. 0457

0. 73269

1. 4272

0.44066

LOCAL ENV*

1. 9073

0.64770

2. 9447

0. 31680

ENV ATT***

0.36716

0. 26740

1. 3731

1. 1903

CONSTANT*
*

**

***

-8. 1908

1. 8156

statistically significant at 95%
statistically significant at 90%
statistically significant at 80%

-0. 00027

-4. 5115

-3. 42 19

-8. 1881
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Table L Continued:

Goodness of Fit Measures

Log-likelihood function = -50.502

Log-likelihood(0) = -83.078
Likelihood ratio test = 65.1512 with

17 d.f.
Maddala R-square
0.1817
Cragg-Uhler R-square
0.45384
Mcfadden R-square
0.39211
Adjusted for degrees of freedom
0.35845
Approximately f-distributed 0.68298
with
17 and
Chow R-square
0.27946
Percentage of right predictions = 0.93538

18 d.f.

The only variables that are significant in the conservative WTD model for the five-

year period were FISH, FLOOD, SOLID, LOCAL ENV, and CONSTANT. The rest of
the variables are statistically nonsignificant at the 90 percent level. Table M gives the

transformed coefficients and their standard errors. The conservative estimate for the
median WTD is 5.903 * 1012 and the mean WTD is 8.106 *
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TABLE M
Conservative Five-Year Model of ln(WTD)

Variable
K*

Coefficient
3.269

T-Stat
-11.811

WR

-.00527

-.04829

ED

.687

.474

INC

1.536

.761

BOAT

4.710

1.122

FISH

-2.342

-1.259

LIVESTOCK

-2.878

-.702

SALE

-.244

-.409

HAND

-.0496

-.019

FLOOD*

-5.333

-6.982

SIDE

-79.058

-.00027

SOLID*

-7.727

-2.964

SWA

1.796

.459

ARN

2.224

.619

COlD

3.418

.945

LOCAL ENV***

6.235

1.366

ENVATT

1.201

.584

CONSTANT*
-26.775
2.46
statistically significant at 95%
**
statistically significant at 90%
statistically significant at 80%
*

Those Willing to Donate: Independence of Their Response
The WTD responses were evaluated above as to the certainty of the respondent

about her willingness to donate. They were also evaluated as to the independence of their
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WTD. The CV scenario proposed a situation in which the donation of a percentage of
one person's water right would do little to change overall stream flow: however,
donations from many individuals could make a significant difference stream flow.

Therefore, "willing" respondents were asked to gauge the independence of their donations
on a 5-point scale.
1 lb. On a scale of 1 to 5, 1 being very unlikely and 5 being very likely, how likely

is it that your donation of water would depend on whether other water right
holders agreed to donate a portion of their water? (Circle one number)

Table N below shows the responses. Those respondents in the category UNWILLiNG
were unwilling to donate the posited amount of water right. The responses are nearly
evenly split on either side of 3, which is a neutral response. Due to the small number of
independent responses this question could not be used to construct WTD estimates for
independent "willing" responses.
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TABLE N
Independence of "Willing" Responses

VALUE
FREQUENCY
UNWILLiNG
279

PERCENT
0.85846

1.0

16

0.04923

2.0

4

0.0123 1

3.0

7

0.02154

4.0

9

0.02769

5.0

10

0.03077

Those Unwilling to Donate: Follow-Up Questions

The majority of respondents in the sample were unwilling to donate. Some
respondents may have responded as unwilling, but would have donated if they knew for
sure that other people were going to donate. Question 13 a addressed this possibility.
13. On a scale 1 to 5, 1 being very unlikely and 5 being very likely, how likely is it

that you would donate water if you were sure other water right holders would also
donate a portion of their water? (Circle one number).
"No Answer" meant that the respondent was either willing or refused to answer this

question (Table 0). This question used a five point scale. Sixteen out of the 257 (7 %)
usable responses for this question were in the "likely" range, that shows that they might
have donated if they knew other people would be donating.
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TABLE 0
13 A-Independence of Unwilling Responses

VALUE FREQUENCY PERCENT
No Answer 68
0.20923
1.0

201

0.61846

2.0

28

0.08615

3.0

12

0.03692

4.0

8

0.02462

5.0

8

0.02462

Question 13 asked the willing respondents to chose which of the 8 statements best fit

their reasons for not donating. They are:
Couldn't afford to give up the amount of water asked for.
Fish and recreation aren't worth the amount of money asked for.
The river wouldn't really be affected by my donation.
There is already enough water in the Deschutes River.
People who want more water in the Deschutes River should pay for it.
Government should leave irrigators alone.
Other people will donate enough water.
Other.(Specify
)

Table P below gives the frequency that each statement was chosen. The "No
Answer" category includes those respondents who were unwilling to donate and those

respondents who refused to answer the question. The most frequent reason for not
donating was that respondents could not afford the amount of water asked for. The
second most frequent reason for not donating was that government should leave irrigators

alone. It is interesting to note that no respondents choose category 7, that other people
would donate enough water.
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TABLE P
13 Why Respondents Were Unwilling to Donate

VALUE FREQUENCY
No Answer 71

PERCENT
0.21846

1.0

19

0.39692

2.0

4

0.0123 1

3.0

17

0.05231

4.0

14

0.04308

5.0

19

0.05846

6.0

27

0.08308

7.0

0

0.00

8.0

44

0.13538
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Chapter 7
Total Willingness to Donate

The statistical results from the four models fit the expectations about willingness to

donate (W'TD) in general and about the factors that influence WTD. The point estimates

of WTD were in the expected range- low, but not zero. However, it should be noted that
the confidence intervals on all of the estimates included zero; hence, it can not be said with

statistical certainty that any of the estimates are different from zero. Table Q below is an
accumulation of the mean and median WTD estimates for the one-year and five-year

donation models and the conservative one-year and five-year donation models. Note that
the conservative five-year WTD estimates were approximately zero for both mean and
median. In the other three models the median is smaller than the mean. This was an
expected pattern from a data set where the majority of respondents were unwilling to
donate; hence, the median donation in the data set was zero.

The one-year model of WTD has a mean of .01097 acres of water rights. The
confidence interval on this estimate is 0 to 30.22. It was truncated at 0 on the lower
bound. Total WTD is calculated by multiplying mean WTD by the total number of water
right holders in all five districts combined. There were 6,440 irrigation district members.
The total WTD for the five districts is 71.305 acres.
The conservative one-year model of WTD for all five districts was significantly

lower than the general one-year model. The estimated mean WTD was 1.234 * 10.
Summed across the entire district membership gave a total WTD of .079 acres. Recall
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that the largest two donations in the sample, a total of 132 acres of the 167 in the sample,

dropped out of this model. Mean WTD acres of water for a period of five-years was 5.91

* i0 acres. The total WTD for the five-year model was 3 7.824 acres.
TABLE 0
WTD Acres of Water Rights: All Districts Combined

Median

One-Year
1.581 * i0

One-Year Conservative
1.093 * 10

5 Year
6.662 * 10

Mean

1.097 * 102

1.237 * i0

5.910 * iO3

Upper

30.222

118.241

41.11857

Lower

0.00

0.00

0.00

Total WTD

71.31

.0792

37.824

The estimation of the WTD function by the Cameron method allowed for the

interpretation of the model in a manner analogous to OLS results. Therefore, it was
possible to calculate WTD estimates for individuals with specific characteristics. WTD
estimates were generated for each of the five irrigation districts using the means of the
independent variables for each district and adjusting the district dummy variables

accordingly. Since the data were a random sample of water right holders from each of the
irrigation districts, the means of the explanatory variables for each district(Appendix B)

were valid to use in the estimation of WTD for individual districts. There was a wide
variance between the districts in farm characteristics. Hence, it was not surprising that
there was a wide variance of WTD estimates for the five irrigation districts. Table R below
gives a brief description of each of irrigation districts.
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TABLE R
Summary of Central Oregon Irrigation Districts

District

Date of
Water Right

Nature of Water Right

Acreage

Primary Uses

North

1913

59,000

Commercial

Tumalo

1905,1911

8,100

Urban

Arnold

1905

4,400

Urban

Central
Oregon

1900

430 cfs from Wickiup
Reservoir and
secondary 200 cfs from
Crooked River natural
flow.
9.5 cfs Deschutes River
natural flow, 110 cfs
stored at crescent Lake
125 cfs from natural
Deschutes River flow
300 cfs from natural
flow and 200 cfs from
1907 water right from
crane prairie Reservoir.
120 cfs from natural
Deschutes River flow

45,000

1. Urban

Swalley

1899

2.

Commercial

4,560

Urban

121,060
Total
Source: Central Oregon Watermaster, 1995 and irrigation districts.

The North Unit irrigation district, the one with the most commercial agriculture,

had the lowest WTD. The mean one-year WTD estimate for was 7.51 * 10 acres, and
for the five-year model it was 7.52 *1

acres. These amounts, when multiplied by the

860 district members in the North Unit, gave total WTD for one-year of .067 acres and

.0065 acres for five years. This met the study's expectations that little water would be

donated out of the North Unit. Both conservative models had total WTD estimates of
approximately zero.
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Tumalo Irrigation District had a low total WTD as well. This was expected for

two reasons. Tumalo had only 590 members; therefore, the expansion factor was low.
The means of the positively correlated socioeconomic variables were also in the middle of

the range for the five districts. The mean one-year WTD for was 1.778*1 0 acres and for
the five-year model was 8.09* iO3 acres. The total WTD estimate for Tumalo irrigation
district for one-year is 10.5 acres of water rights, and is 4.773 acres of water rights for the

five-year period. The WTD was low, but more than in the North Unit.
The Arnold Irrigation District had significant total WTD, especially for its smaller
*102 acres and 4.6 * 102 for the five-year
size. The mean one-year WTD was 9.38

model. The total one-year WTD for was 70.35 acres and 35.7 acres for the five-year
period. These were significant given that Arnold only has 750 district members. The
district with the largest number of individuals, COlD, had the largest total WTD.

However, they did not have the highest mean WTD. This could be expected, due to the

fact the COD had the second highest agricultural sales of the five and did not have the
highest means of the positively correlated socioeconomic variables: education, income,
* 102
boating, and environmental attitudes. The mean one-year WTD for COD was 9.45

acres and 2.176 * 1

..2

acres for the five-year period. The total WTD for COlD was

330.75 acres of water rights for one-year and 76.02 acres of water rights for the five-year

period. These were significant amounts of water, but not unexpected due to the large size
of COlD.
Swalley Irrigation District had the highest mean WTD. One-year mean WTD was

.413 acres of water rights and 7.13 * I 0 acres of water rights for the five-year donation
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period. This was expected due to the low agriculture sales, the high means of the
positively correlated socioeconomic variables, and the positively correlated dummy

variable for Swalley. The total WTD for Swalley is 305.62 acres for one-year and 52.77

acres for the five-year period. Tables V-Z in Appendix C gave median and mean WTD
estimates for each of the irrigation districts as well as 90 percent confidence intervals
around the mean.
The conservative estimates of mean, median, and total WTD were low for each
individual district as well as for the composite model, which lumped all five districts

together. Total WTD for the five irrigation districts when estimated separately totaled to

4.83 acres of water rights for the one-year donation model. For the five-year period, the
conservative estimate again gave approximately zero. Table S below gives the mean and
total WTD estimates for each district and the composite model.

TABLE S
Total WTD Estimates by Irrigation District

Membership
6440
Composite Model

One-year
71.31

One-Year Conservative
.0792

Five-Year
37.824

North Unit

860

.0665

Approx. 0

.00646

Tumalo

590

10.5

2.701

4.773

Arnold

750

70.35

.261

35.7

Swalley

740

305.62

.7843

52.77

COlD

3500

330.75

1.005

76.02

Total

6440

717.29

4.83

169.27
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Because contingent valuation is a survey technique used to elicit WTP for a

nonmarket good, the statistical results are only as reliable as the data. The data in this
study came from 325 survey responses. The respondents were randomly selected from a
complete address listings for four of the irrigation districts and from a geographic sample

for COD. The data are a random sample of each district, but not a random sample of all
5 districts because COD was under-sampled. This allows us to estimate unbiased means
of the data for the district level. The estimates at the composite level are generated, but
should be interpreted with the understanding that COD was under-sampled. High
response rates, over 60% for each district, and the pretest procedures for the
questionnaire assured that non-response bias was small and that the statistical analysis
drew on reliable data.
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Chapter Eight
Discussion

The discussion chapter is organized into six different sections. The first four: fit of
the models, signs of the explanatory variables, mean willingness to donate, and total

willingness to donate, discuss the specifics of this study. The last two: conservative model
and the new payment vehicle and contingent valuation, discuss this study as it relates to

contingent valuation as a whole. However, the last two sections present important
discussions which should be used to interpret the results of this and other CV studies.

Fit of the Models
These models all had McFadden R2's which were higher than other studies that

have used logit models (Berrens, 1995, Cameron, 1989). The logit regression results for
the one-year and five-year models had 12 of 18 variables significant at the 90% level or

better, while both of the conservative models had fewer significant variables. These
models also had a percent correct prediction rate that was higher than the studies using

logistic regression in the literature review (Cameron 1989, Fried 1995). However, the
high percent correct prediction rate is influenced by the lack of variance in the dependent
variable.

The transformed models which estimated the WTD functions used to calculate
WTD point estimates had fewer significant variables. Most of the variables were still

significant at the 90 percent level. The majority of the explanatory variables in both the

90

one-year and five-year WTD were statistically significant. However, the one-year and
five-year conservative WTD models had few significant variables even at the 80 percent
level. This is due, in part, to the lack of variance in the independent variable.

Signs of the Explanatory Variables
The signs on all of the coefficients except for fishing were as expected. The
literature search indicated that the signs on size of water right, education, income, boating,
efficient irrigation technologies, less commercial agriculture, and environmental attitudes

should all be positively correlated with WTD, and they were. The sign on the fishing
variable may be linked to missing variable bias or some other statistical problem.
The signs of the negatively correlated variables were all expected: livestock

watering, agricultural sales, inefficient irrigation technologies, and the constant term. The
prior expectation was that use of water for commercial agriculture would be highly

negatively correlated with WTD, and it was. For irrigation technologies, it makes sense
that if a respondent was using inefficient irrigation practices that they would need more of

their existing water right to meet their production needs of water. Also, it is intuitive that
the more commercially a water right is used, the less the probability that a water right

holder would donate a portion of that water right.
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Mean Willingness to Donate
The median and mean for each model met the expected pattern where the mean

was larger than the median. This occurred because the majority of respondents did not
donate, forcing the median to be less than the mean. These point estimates of WTD
showed that WTD were low. The five-year WTD model had means and medians that
were significantly lower than those of the one-year WTD model. It was expected that this
would be the case because of the increase in costs a respondent would incur when
donating for five years instead of just one year.

The conservative models, using only

respondents who were certain of their donation at a level of 7 on a scale of 1 to 10
(Question 1 la), had means and medians that were quite low. The five-year conservative
model's mean and median estimates were approximately zero. A difference was expected
between the general and the conservative estimates; however, it was not expected that the

difference be of such magnitude. It occurred in this case because the largest donation in
this study also had a self-rated certainty of less than 7 on the 10-point scale (Question 11 a)

and were used as "unwilling to donate" responses in the conservative models. The large
difference between the two should be taken note of by anyone of interest in the CV
validity debate.

Total Willingness to Donate
Total WTD for one year was 71.31 acres and 37.82 acres of the five-year model.

The conservative models had total WTD estimates of less than 1 acre. The means of the
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entire sample was used in the construction of these estimates; however, there was a large
variance among the individual irrigation districts. Specifically, the large agriculture sales

of the North Unit, averaged over the entire sample gave a mean agriculture sales of over
11,000 dollars for each respondent, while the highest mean agriculture sales of any other

individual districts was under 4,000 dollars. Individual estimates of median and mean

WTD were estimated for each irrigation district. As expected, the less commercial
districts had a significantly higher WTD than did the North Unit. Also, the composite

model was constructed using a data set where the COD was underrepresented.
Total WTD was generated using the estimates for the individual districts as well.

COlD had the highest total WTD with 330.75 acres. Swalley was the next highest with
305.62 acres. Tumalo, Arnold, and the North Unit had 10.5 acres, 70.35 acres, and .06

acres of total WTD respectively. The sum of the individual districts WTD is 717.29 acres
of water rights for one year. The five-year model has a sum total WTD of 169.27 acres
for the five-year period. Total WTD, when calculated district by district, was ten times
higher than the total WTD estimate given by the composite model. This fell in line with

the mean WTD estimates for each district as the four districts: Swalley, Tumalo, Arnold,
and COD, had significantly higher mean WTD estimates than did the composite model.

The North Unit had significantly lower mean WTD. This difference could have been
easily overlooked by only estimating the composite model and not taking into account that

the farm characteristics of the North Unit, even when averaged over the entire sample,

significantly lowered WTD of the composite model and that COD was under represented
in the composite sample.
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A rough conversion from acre feet of water to cfs is that 2 acre feet of water is
equal to approximately I cfs for a 24 hour period. Assuming that each of the districts get
their ftill duty of water, approximately 4 feet of water (approximately the delivered duty

for COD), total WTD is 2896 acre feet of water. Over a 150 day irrigation season, this
could raise the river flow approximately 9.65 cfs. Recall that the current irrigation season
flow in the Deschutes River is around 30 cfs. However, the real hydrological world is
much more complex than this sketchy estimate. One donated acre of water rights does
not necessarily equal one more acre of water rights allowed to run downstream. Diversion
dams are not fine tuned at the individual and the district level, The hydrology behind

water delivery is complex science and art. However, what this rough estimate does show,
is that in a simplified hydrological world with perfect measurement, a significant increase

in stream flow could occur for one year from donated water rights. Also, the deliveries
are dependent upon the level of flow in the Deschutes River. During low water years, the
duty of water delivered to each district member is less than the duty of water their water

right allows them during high flow years. Hence, the amount that donations augment
stream flow will decrease in low-water years as the donation is in acres of water rights,

not acre feet of water.
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Conservative Models and New Payment Vehicle
The estimates of the conservative 1-year and 5-year models show that the

estimates of WTD should be looked upon with some reservation. After those people with
certainty of less than level 7 on the ten-point scale were removed, the WTD estimates

were quite low. Total WTD for the 1-year period was 4.83 acres, and for 5-years was
approximately zero. This shows that the WTD estimates were quite sensitive to different
constructions of the independent variable. Hence, the complaint that contingent valuation
typically overestimates WTP in comparison with real payments has not been resolved

through this study's findings.
The only validation for CV are studies which have real payments as well as CV

questions. This study included no such validation. However, there have been donations
of water rights to instream flow throughout Oregon. Swalley Irrigation District has
handled donations of water rights to instream flow in recent years. Also, Oregon Water
Trust, a environmental organization with a focus on instream flows, has received

donations of water rights. However, the Oregon Water Trust donations occurred in areas
that were spawning habitat for anadromous fish species. This does not validate any of the
estimates of this study, but it does show that a willingness to donate water rights to
augment instream flow does exist, although it may be relatively small.

The original and conservative estimates of WTD would show an agency or
environmental group trying to raise river flow that there may be a significant WTD water

rights in four of the irrigation districts, but that many of the donators may be on the bubble

95

of donating or not donating. Hence, an agency or group wanting to receive donations of
water rights to increase stream flow may have to generate public support for its ideas in
order to convince water right holders to donate.
The NOAA Panel report (1993) stated that payment vehicles could reduce the
amount of yeah-saying in CV studies, if the payment vehicles were realistic. This study

used a payment vehicles that was realistic to respondents. The additional responses of
respondents showed that most respondents took the question and the payment vehicle
seriously. This payment vehicle was new to contingent valuation to this researchers

knowledge. Donations, in terms of water rights, have not been previously used. The
results of the study show that WTP, by whichever construction chosen, was low in

comparison to other CV studies. This backs the arguments of the NOAA Panel that more
conservative and reliable estimates of WTP can be estimated by using more realistic
payment vehicles.

Contingent VaJuation
As stated earlier in this thesis, contingent valuation is a methodology that is

embroiled in controversy. This study along with estimating the WTD of water right
holders in central Oregon also has something to say about contingent valuation as a whole.

This is due to three reasons: the test of certainty to construct conservative WTD
estimates, the realistic payment vehicle, and questions 1 lb and 13 which questioned the

96

role of the group in the donation decision. These three posed some questions for which
contingent methodology as a whole needs to held responsible.

The test of certainty, presented in the previous section, resulted in WTD estimates
that were quite different from those that were generated from the normal model of WTD.

In fact, these estimates were over 10 times as low in the conservative models than the
normal model of WTD. The largest criticism of CV is that WTP estimates are generated

from responses to hypothetical situations, not market data. The test of certainty casts
doubt onto CV in two different ways. The first is that the point estimates of CV are much
lower in this study. The second and more importantly is that most respondents did not
rank themselves as being very certain that they would donate, even after responding as

willing. This raises the question, "How many respondents to past and ftiture CV studies
will not be very certain that they would behave in the same manner as stated on the

questionnaire?" Hence, the range of responses to the certainty question in this study

implores proponents of CV to respond to the certainty question. As stated in the earlier
section, this type of method - test of certainty - could eventually bring CV more validity or
more distrust of CV estimates by ignoring the question altogether.
The realistic payment vehicle used by this study is in line with the suggestions of

the NOAA Panel report on contingent valuation (1993). This study generated estimates
of WTD that were low, and whose confidence intervals included zero. Hence, one can not
say with any statistical certainty that WTD in this study is different from zero for any of

the models. This is an artifact of the specifics of the region, the resource being valued,
and the donation vehicle. That this study used a realistic payment vehicle, with which the
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respondents were familiar, and came up with low estimates is not out of line with the

literature. However, these estimates were much lower than other studies reviewed in the
literature. Hence, the low point estimates with the realistic payment vehicle suggests that
studies not using a realistic payment - as suggested by the literature - may be over

estimating WTP.

Questions 1 lb and 13 question the respondents as to effect that other's actions
would have on them. The problem posed by these questions for CV does not apply to CV
as a whole only to those studies in which group action is important. In the current study
group action is important because the amount that the Deschutes River flow is increased is

dependent upon how many people in total donate. Not all CV studies have this type of
problem. For example, studies using entrance fees as a payment vehicle are not subject to
such influences as the total benefits due to entrance are not linked to how much other

respondents are WTP to gain entrance. However, our study showed that both some
willing and unwilling respondents had some dependency of their response on the actions of

others. This question, 11 b and 13, although not used to generate a conservative estimate

of WTD, showed that the contingency of donation upon other people's actions can be
important. This is an issue for contingent valuation as a whole because it is often not
addressed in CV studies where it could be an issue.
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Chapter 9
Summary and Conclusion

For approximately 50 river miles downstream from Bend, Oregon, the Deschutes

River usually flows at 30 cfs from May through September. Historically, without dams
and diversion into irrigation canals, the river flow was at about 1,400 to 1,700 cfs; now,

ODFW recommends that 250 cfs flow be restored. Increased river flow would lower
water temperature, improve water quality, and enhance the rainbow trout flsheiy and other
recreational activities in the low flow section. Previous studies of the low flow issue on
the Deschutes River have estimated the cost of leasing water out of irrigation (Turner
1995)and the value of water rights to the value of a home site (Keist 1996). An agency
would use the estimates generated by the previous studies to estimate the cost of
increasing instream flow on the Deschutes River.

This study began with the premise, developed through a literature search on

related water-resources, that some people may value increased streamfiow, fish
populations, and water quality enough that they would donate a percentage of their water
rights to enhance stream flow. Contingent valuation and travel cost studies have found
that many people are willing to pay for increased streamfiow and its related benefits.

However, no CV study, to the researchers knowledge, has asked the question, "Do water
rights holders value the benefits of increased streamfiow enough that they would donate a

portion of their water rights?" This is not only a question of whether they value increased
stream flow, but of how much they value their water rights. Although the payment
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vehicle in this study differs from previous studies, there is essentially no difference in the

theory underlying this study. Hence, CV methods, as developed in the literature and by
the NOAA Panel, were followed.
A sample of 550 respondents was chosen from the five irrigation districts which

account for nearly all of the diversion from the Deschutes River past Bend. The data were
a random sample within each irrigation district; However, due to the geographic sampling

technique for COlD each district was not sampled at the same rate. COlD was sampled
at a rate of approximately 5.7%, while the other districts were sampled at apprOximately a

10% rate. Response rates ranged from 60% to 70% for each of the districts. These data
was used to estimate WTD functions from a transformation of logistic regression

coefficients. The WTD function was used to calculate point estimates of median and

mean WTD. One of the advantages of the Cameron transformation over previous
methods is that it allows point estimates of WTD to be generated in a manner analogous

to the procedures used for ordinary least squares. Therefore, it was possible to generate
WTD estimates for each of the five irrigation districts separately as well as a composite

estimate of WTD. The estimated total WTD for all of the districts combined is 717.29
acres for the 1-year period and 169.27 acres for the 5-year period.
This study found that there is a positive WTD water rights to augment instream
flow, although it is small in the North Unit. This study showed that the people who use

water in commercial agriculture are the least likely to donate their water. The statistical
results also showed that WTD was positively correlated with higher incomes, more

education, environmental attitudes, boating, and environmental group membership. As
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expected, the members of the smaller, more suburban irrigation districts possess these
characteristics to a greater extent than do the members of the more commercial North

Unit. Hence, Central Oregon, Swalley, Tumalo, and Arnold Irrigation Districts had a
higher WTD.

Willingness to donate is not large enough, even with the most optimistic estimates,
to satisfy the ODFW request for 250 cfs of instream flow. The optimistic estimate for

instream flow due to donation is 9.6 cfs. Hence, even with donations stream flow would

not even be at 40 cfs. However, if a government agency were to meet this 250 cfs
minimum request, donations of water would be an inexpensive means of putting more

water in the river. These donations would decrease the cost of fulfilling the 250 cfs
minimum stream flow request. Donations could become the starting point from which to
work from for any group trying to raise the flow level of this section of the Deschutes
River.

The stretch of the Deschutes River under study and the ODFW request for a
minimum streamfiow of 250 cfs could be examined with more traditional contingent

valuation techniques. An interesting study would be ask residents of Deschutes and
Jefferson Counties, not necessarily water right holders, if they would be willing to pay for

augmentation of instream flow. The estimates of WTP for instream flow could be linked
with Brenda Turner's estimates of the cost of leasing water out of irrigation. This would
allow estimation of the total amount of water that residents of Deschutes and Jefferson
Counties would be willing to pay to increase stream flow. The CV questionnaire could
use bids at different flow levels to increase the statistical efficiency of this estimation. This
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scenario may be seen as the a more equitable solution because the burden of donation
would fall on anyone who gains enough benefits from instream flow to be willing to pay
for them, instead of just water rights holders.

The CV methodology used in this study, including the use of water rights as the
payment vehicle, could be used in other geographic areas as well. Low instream flow due

to irrigation withdrawals is an issue throughout the western United States. Areas where
this type of study may be timely are streams that are central to endangered species issues
such as anadromous spawning streams. These areas may have a higher WTD; the
literature on donations shows that donations are linked to the immediacy of the scenario
(Gentile 1986 p.81).

This study was the first, to the researcher's knowledge, that uses the resource of
concern as the payment vehicle. As presented above, this method could obviously be used
to study similar instream flow situations. However, irrigation withdrawals from lakes or
reservoirs would also be a good fit for a CV study using water rights as the payment
vehicle. Klamath Lake in Oregon, where irrigation withdrawals from Klamath Lake are a
factor in an endangered species issue, is a good example of another geographic location
where this type of payment vehicle could be a good fit.

This type of payment vehicle, payment with the resource in question, could be

expanded to donations of land on the boundaries of National or State parks, or
development rites to land with sensitive or rare habitats. Use of a resource as the payment
vehicle could also be useful in studies on the willingness of developers to do mitigating

action for the right to develop a site, as is now required in many states when wetlands are
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developed. This type of payment vehicle need not be used with just CV it could be used in
a study of the demand of developers for development rights as the price of development
rights in studies using real world data provided by states in which mitigation is required.
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Appendix A

The following was the questionnaire used to gather the data on WTD and the

other relevant characteristics about the respondents. The front cover of the survey, not
included here, had the title, "Desehutes River Survey". It also had the Oregon State
University seal and the words "Department of Agricultural and Resource Economics" on

the bottom of the front cover.

DESCHUTES RIVER SURVEY

Do you have a water right on rural property in Deschutes of Jefferson Counties?
(Circle one number)

1.NO
YES

> This survey is not meant for you, please return the questionnaire
in the postage paid envelope provided.
> For the remainder of the survey, water rights refer only to those
whose point of origin is the Deschutes River.

2. How many acres does your water right cover?
ACRES

What is the total acreage of your rural property in Deschutes and Jefferson Counties?
Acres

Please indicate whether or not you use the water from your water right for each of the
following purposes. (Circle one number for each).
YES
NO
1
2
Lawn or Gardening
1
2
Hay or Pasture
2
1
Crop Production
2
1
Livestock Water
Fire Prevention

1

2
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f. Dust Control
g. Household Use
h. Other (Specify

2
2
2

1
1

)

1

5. How many acres, if any, of each of the following did you grow on this property in
1996?
ACRES
Alfalfa
Hay
Grains

Mint
Vegetables

Pasture
Other(Specify

)

6. Do you have a well on rural property in Deschutes or Jefferson Counties?
NO(Go to Question 7)
YES
6a. Please indicate whether or not you use water from your well for each of
the following purposes. (Circle one number for each)
YES

Lawn or Gardening
Hay or Pasture
Crop Production
Livestock Water
Fire Prevention
Dust Control
Household Use
Other (Specify

1
1
1
1

1
1
1

)

1

7. What is the primary irrigation method you use? (Circle one number)

1 SIDE WHEEL

NQ
2
2
2
2
2
2
2
2
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HAND LThE
SOLID SET
FLOOD
OTHER(SPECIFY

)

8. What was the approximate value of your agricultural sales from this property in 1995?
$

Now we would like to ask a few questions about your recreational activities.
9. Please indicate whether or not you participated in the following activities during the
past 12 months. (Circle one number for each)
YES
NO
1
2
a. Boating
2
1
b.Hildng
1
2
Hunting
2
1
Fishing
1
2
Wildlife Viewing
2
1
Whitewater Rafting
1
2
Other (Specify_____
10. Please indicate whether or not you participated in the following activities during the
past 12 months on or near the Deschutes River.
(Circle one number for each)
YES
NO
2
1
a. Boating

b.Hiking
Hunting
Fishing
Wildlife Viewing
Whitewater Rafting
Other (Specify_____
11.

1

2
2
2
2
2

1

2

1
1
1
1

The Deschutes River now flows at about 30 cubic feet per second from May

through September in a low flow section, from Bend about 50 river miles downstream to
Steelhead Falls. Historically, without dams and diversions into irrigation canals, the river
flow was at about 1,400 to 1,700 cfs; now, the Oregon Department of Fish and Wildlife

recommends that a 250 cfs flow be restored. Increased river flow would lower water
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temperature, improve water quality, and enhance the rainbow trout fishery and other
recreational activities in the low flow section

One way to increase the flow in this stretch would be for people like yourself to

donation a portion of their irrigation water. The donated water would flow through the
low flow stretch rather than being diverted for irrigation. The water would be donated for
one year to a nonprofit organization for instream uses. If you donated, your water right
would not be subject to forfeiture from nonuse. However, you would have to dry up a
percentage of your land. For example, if you donated ten percent of your ten-acre water
right, you would have to leave one acre without irrigation that year. The irrigation
district's per-ace charge would be paid for that acre by the nonprofit organization.
This donation would also involve some costs to you, perhaps in the following way:
reduced crop yields, purchase of additional feed, or less landscaping and other uses.
These costs may inhibit your ability to make other purchases.

percent of the water available for

Would you be willing or unwilling to donate
delivery to you from your irrigation district?

1 UNWILLING
2 WILLING
I la. On a scale of 1 to 10, 1 being very uncertain and 10 being very certain, how certain
are you that you would donate this amount of water? (Circle one number)
VERY
VERY
CERTAIN
UNCERTAIN
1

2

3

4

5

6

7

8

9

10

1 lb. On a scale of 1 to 5, 1 being very unlikely and 5 being very likely, how likely is it
that your donation of water would depend on whether other water right holders agreed to
donate a portion of their water?(Circle one number)
VERY LIKELY
VERY UNLIKELY
1

2

3

4

5
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11 c. Briefly explain why you answered "WILLiNG" to Question 11.

lid. If the donation period were five years, would you be willing or unwilling to
donate percent of the water available for delivery to you?
1 WILLiNG
2 UNWILLING

SKIP TO QUESTION 14
12. Which of the following best explains why you answered "unwilling" to Question 11?
(Circle one number)
Couldn't afford to give up the amount of water asked for..
Fish and recreation aren't worth the amount of money asked for.
The river wouldn't really be affected by my donation.
There is already enough water in the Deschutes River
People who want more water in the Deschutes River should pay for it
Government should leave irrigators alone.
Other people will donate enough water..
Other.(Specifj
)

13. On a scale ito 5, 1 being very unlikely and 5 being very likely, how likely is it that you
would donate water if you were sure other water right holders would also donate a
portion of their water? (Circle one number).
VERY LIKELY
VERY UNLIKELY
5
4
3
1
2

Some question about you:
14, What is your Gender?
1 MALE
2 FEMALE
What is your age?

YEARS
What is the highest level of education you have completed?
(Circle the appropriate level)
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EIGHTH GRADE ORLESS
SOME HIGH SCHOOL
COMPLETED HIGH SCHOOL OR GED
SOME COLLEGE
TWO YEAR DEGREE
FOUR YEAR DEGREE
SOME GRADUATE OR PROFESSIONAL SCHOOL
COMPLETED GRADUATE OR PROFESSIONAL SCHOOL
OTHER (Specify
)
17. From the following categories, please indicate your household's before-tax income in
1995.
(Circle one number)
1 0-$10,000
2 $10,001-$20,000
3 $20,001-$30,000
4 $30,001-$40,000
5 $40,001-$50,000
6 $50,001-$60,000
7 $75,001-$100,000
8 $10,001-$150,000
9 Over $150,000
18. How many people are there in your household?

PEOPLE
19. How long have you lived at your current residence?
YEARS

20. Are you a member of:(Circle one number for each)
NO

YES

A State or Local Environmental or Conservation Organization....

1

2

A National Environmental or Conservation Organization

1

2

21. Please read each of the following statements and indicate whether you agree strongly
(AS), agree(A), neither agree nor disagree (N), disagree(D), or disagree strongly (DS).
(Circle one number for each statement)
(DS)
(AS) (A)
(N)
(D)
2
3
4
5
Economic growth should be given priority 1
over environmental protection
2
3
4
5
1
Water left instream is wasted water
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APPENDIX B

This appendix contains Table T, which contains the means of the variables

separated by irrigation district. This is discussed in the data analysis section of Chapter 5.
The means of the explanatory variables included in this table were used to estimate the
point estimates for the four WTD models.

TABLE T
Means of the Respondent's Characteristics by Irrigation District
NAME

Arnold

COlD

North

Swalley

Tumalo

N

45

137

57

37

49

ACRES

35.060

51.320

187.31

10.733

24.161

Water

11.870

19.793

84.71

6.7122

14.783

WBID

2.1700

3.8423

15.722

1.2132

3.1582

LNWBID

.09124

.88698

1.4018

.66091

.20961

LIVESTOCK

.46667

.74453

.33333

.48649

.75510

HAND

.42222

.29927

.36842

.43243

.59184

SOLID

.22222

.12409

.01754

.29730

.20408

SIDE

.08888

.11679

.40351

.02702

.04081

FLOOD

.06666

.35766

.14035

.10811

.08163

SALE

2.0013

3.9551

49.840

.69268

1.7560

BOATING

.48889

.44526

.33333

.40541

.40816

FISHING

.62222

.51825

.35088

.43243

.48980

ED

5.2222

5.0511

4.4737

5.1622

5.3673

INC

5.6222

4.9197

4.8596

5.0811

5.3673

GENDER

.82222

.83942

.80702

.67568

.67347

Age

54.259

54.132

53.497

53.684-

51.932

RES

14.405

12.099

18.630

12.106

9.8093

LOCAL ENV

.13333

.16058

17.544

.05405

.28571

21A

3.3556

3.0365

3.1579

3.5405

3.5918

21B

3.8444

3.6423

3.8596

4.0270

4.1224
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APPENDIX C

This appendix contains the median, mean, and confidence intervals for the WTD

estimates for each of the five irrigation districts. Each table is for an individual district and
reports the estimates for the one-year and five-year models of WTD as well as the

conservative one-year WTD model. The five-year conservative model of WTD gave
estimates of approximately zero for all districts for both the mean and the median.

TABLE U
WTD Estimates for Arnold Irrigation District

1 Year

Conservative

5 Year

Median

1.52 * 102

1.12 * 1O

533 *

Mean

9.38 * 1O2

1.34 * iO

4.76 * 102

Upper

18.48

76.62

27.58

TABLE V
WTD Estimates for Central Oregon Irrigation District

Median

1 Year
1.36 * 102

Conservative
1.97 * iO

5 Year
2.24

Mean

9.45 * 102

2.24 * 1O

2.176*102

Upper

19.85

91.47

31.734
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Table W
WTD Estimates for North Unit Irrigation District
Median

8.41 * i0

Conservative
Approx. 0

Mean

7.51 *1O

Approx. 0

Upper

75.63

1 Year

5 Year

7.52 * 10

1.02 * i0

92.89

TABLE X
WTD Estimates for Swalley Irrigation District

Conservative
3.22 * 10

5 Year

Median

1 Year
5.97 * 10.2

Mean

4.13 * 10'

3.65 * i0

7.13 * 102

Upper

13.5

68.8

25.15

7.99 * i0

TABLE Y
WTD Estimates for Tumalo Irrigation District

1 Year

Conservative

Median

2.56 * i0

3.91 * i05

5 Year
9.06 * 10

Mean

1.78 * 102

4.429

8.09 * 10-3

Upper

22.99

83.75

34.33
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Appendix D

This appendix contains the Shazam programs used to generate logit results, obtain
point estimates for WTD and their confidence intervals, transform the logit coefficients
into WTD coefficients, and estimate the standard errors of the WTD coefficients.

Program one was used to generate logistic regression results and the point estimates of

WTD and their confidence intervals. Program two was used to generate WTD
coefficients and their standard errors. These programs would be a powerflil time saving
device for anyone wanting to complete a similar statistical analysis of dichotomous choice

data. Program two could be streamlined by someone with more matrix programming skill
than the researcher. This could avoid entering the covariance matrix by hand.

Program One
sample 1 325
read (a:hope.csv) dist wr acres a4 b4 c4 d4 e4 f4 g4 h4 aS b5 c5 d5 e5 &
f5 g5 well a6 b6 c6 d6 e6 f6 g6 h6 side hand solid flood other &
sales a9 b9 c9 d9 e9 f9 g9 alO blO dO dlO elO flO glO bid will will8 &

all bi 1 dli unwill a13 gender age ed inc people res a20 b20 a21 b21

genr nowracres-wr
genr wbid= bid * wr*.01
set nocolor
if (dist.eq. 1) arn=1
if(dist.ne. 1) arn=0

if(dist.eq.2) cio=l
if(dist.ne.2) cio=O
if(dist.eq.3) nor=1
if(dist.ne.3) nor=O
if (dist.eq.4) swa=l

if (dist.ne.4) swa0
if (dist. eq. 5) tum=l

if(dist.ne.5) tum=0
genr sale=sales/l 000
genr lnwbid=log(wbid)
genr lnbidlog(bid)

genr will7(al l.ge.7)
genr d117=(all.ge.7).AND.(dll.eq.1)
genr indep=(will7.eq.l).AND.(bll.le.3)
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logit dli lnwbid wr ed inc a9 d9 sale d4 hand solid side flood &
swa am cio a20 a21 Ipcov stderr=var coef=gammasta covsigma
genrx2=1
genrx3=O
sample 277 325
stat wr ed inc a9 d9 sale d4 hand solid side flood &
x3 x3 x3 a20 a21 x2 /meanxnot
*Copfldence Interval Production
copy gammasta alphalfrow=1 ; 1 fcol= 1; 1 trow= 1; 1 tcol

1; 1

matrix k=(-l/alpha)
print k
copy gammasta gamma! frow=2;18 fcol=1;1 trow=1;17 tcol=1;1
print gamma
matrix beta=gamma*k
print beta
matrix vc=sigma*iden( 18)
print vc
matrix info=inv(vc)
print info
matrix I=iden( 18)
matrix abs=abs(alpha)
matrix L=abs*I
matrix 12=iden(1)
matrix nbeta=beta*( 1)

dim hold 181
dimj 18 18
copy nbeta hold Ifrow=1;17 fcol=1;1 trowl;17 tcoll;1
copy 12 hold / frowl;l fcol=1;1 trow=18;18 tcol1;1
matrix derivhold*( 1/(k* *2))
copy Lj/frow=1;17 fcoll;17 trowl;17 tcol=1;17
matrix derivp=deriv'
copy derivpj / frow=1;1 fcol=1;18 trow=18;l8 tcol=1;18
*step 5
matrix newFj *info*jI
*step 6
matrix new S=inv(newl)
dim newVC 17 17
copy newS newVC /frow= 1; 17 fcol= 1; 17 trow= 1; 17 tcol 1; 17

dim InWTP 11
dim medWTP 11
dim wtp 11
matrix 1nWTP=xnot' *beta
matrix medwtp=exp(1nWTP)

print medwtp
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*mfl WTP
dim factor 11
matrix factor=(3.141 59*k/sin(3.141 59*k))
matrix WTP=medWTP*factor
print WTP
*copfiden intervals
dim WTPUP 1 1

dim WTPLO 11
matrix WTPup=WTP + 1.65 *(sqrt(xnotl*newvc*xnot))
matrix WTPIo=WTP- 1.65 *(sqrt(xnott*newvc*ot))
print WTPup
print WTP10
sample 1 325

Program Two
sample 118
* Generate k

genr all=(-1/-.5 8260)
genr a13=(-1/-.29SO4)

genr a17(-1/-.56052)
genr a19=(-1/-.30591)

genr aal=-.58260
genr aa3=-.29504
genr aa7=-. 56052

genr aa9-.30591
* Generate WTD Coefficients

genr acfl=-cfl/-. 58260
genr ac13-c3/-. 29504
genr acf7-cf7/-. 56052
genr acf9-cfW-.30591
* Generate varaince for k
genr varal((1/(all **2))**2)*(.2253o**2)
genr vara3((1/(a13**2))**2)*(.22472**2)
genr vara7((1/(a17**2))**2)*(.2509l**2)
genr vara9(( 1I(a19* *2))* *2)*(.27678 * *2)
* Generate Standard Errors from Variances

genr varrlvarl**2
genr varr3var3**2
genr varr7var7**2
genr varr9var9* * 2
*Read in Covariances
read covi cov3 cov7 cov9
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.050785
.062958
.0505000
-.0011348
-.0006430
-.0004771
-.0016345
-.0013502
-.0017833
-.0042703
-.0059497
-.0080463
-.0038511
-.0052903
.00581372
.00961400
.0074891
.019583
-.016978
-.0062902
-.1859100
-.0065223
-.0030449
-.0053198
-.047308
-.0423540
-.038305
-.0319490
-.023449
-.021177
-.0791160
-.10180
-.084173
-.010666
-.0103353
-.012989
-.010933
-.0099029
-.0003579
-.0263900
-.017865
-.032231
-.0203430
-.0091872
-.029558
-.0013263
.00048005
.00023092
.00077396
.0042097
.0030039
.11372000
.092623
.14303
* Generate Variances for WTD Coefficients
sample 2 18

.076607
-.0010867
-.0002728
-.013180
.0068281
.020067
-.33541
-.010011
-.047106
-.012947
-.060475
-.0020210
.0033945
-.023091
-.0246231
-.0024391
.0095264
.14259

genr avarl=(cfl/((aal **2))**2)*(.22530**2) + (((_1/aal)**2)*varrl) &
+ 2*(cfl/((aal)**2))*(_1/aal)*covl
genr avar3=(cf3I((aa3)* *2)* *2)*(.22472* *2) +((( 1/aa3 ) * *2) *van3) &
+ 2*(cf3/((aa3)**2))*(_1/aa3)*cov3
genr avar7=(cf7/((aa7)* *2)* *2)*(.2509 1* *2) +(((- 1 /aa7) * *2)*varl.7) &
+ 2*(cf7/((aa7)* *2))* ( 1/aa7)*cov7
genr avar9=(cf9/((aa9)* *2)* *2)*(. 27678 * *2) +(((- 1 /aa9) * *2) *vaii.9) &
+ 2*(cf9/((aa9) * *2))*(.. 1/aa9)*cov9
*Generate T-statistics for k and WTD Coefficients

genr tl=acfl/((abs(avarl))**.5)
genr t3=acf3/((abs(avar3 ))* *.5)
genr t7=acf7/((abs(avar7))* * .5)
genr t9=acf9/((abs(avar9)) * *.5)

genr ttl=aal/((abs(varal))**.5)
genr tt3=aa3/((abs(vara3))* * .5)
genr tt7=aa7/((abs(vara7))* * .5)
genr tt9=aa9/((abs(vara9)) * * .5)
*prjnt Coefficients and T-statistics
print acfl acf3
print acf7 acf9
print all a13
print a17 a19

printtlt3
print t7 t9

