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FOREWORD
This report presents the Phase | effort to develop a
framework for evaluating historical and future water projects
in Womng. The title of the project is "An Analysis of
Contenporary and Hi storical Econom cs Associated with Water
Devel opnent Projects in Wom ng" and was funded by the Wom ng
Wat er Research Center
The central goal of the Phase | effort was to develop a
prelimnary methodol ogy for the evaluation of Wom ng water
projects. To that end a nunber of questions required
consideration. These questions were:
1. What are the forces and considerations that
potentially are and/or will "drive" Wom ng' s Water
Devel opnent Progranf
2. Wiat is the appropriateness, for Wom ng' s Water
Devel opnent Program of traditional project
eval uati on procedures that were principally devel oped
for federal water projects?
3. Wiat do the citizens of the state of Wom ng desire?
What perspectives do they have regarding what is
"inmportant” in designing a set of water project

evaluation criteria?



4. Finally, how does one, given the above inquiries,

incorporate all of the perspectives and
considerations into a nmeani ngful decision making
f ramewor k?

In our attenpts to address question I, we found that we
must investigate Wom ng's wealth of water resources and the
i ssue of scarcity in other downstream states. Additionally,
federal |egislation potentially mght affect Wom ng's water
program as well as m ght the ever evolving | egal and
institutional environment. These issues are explored in
Appendices A, B, D, and E.

Chapters 2 and 3 present our attenpts at addressing
question 2. That is, should nmethods for eval uating Wom ng
wat er projects incorporate considerations beyond those of
traditional benefit-cost nmeasures. Qur answer was yes, that a
nore conprehensive analysis is required that goes beyond
sinply converting all inpacts into a dollar netric. AppendiXx
F explains the issue of interpreting a divergent set of inpact
nmeasur es.

Chapters 2, 3, and the appendi ces provided the groundwork
for the adm nistration of a survey to the residents of
Womi ng. That is, what are the appropriate eval uation
criteria for water project evaluation? Should only strict
ef ficiency measures be utilized or are other considerations of

equal or greater inportance? W found, as discussed in



Chapter 4, that control of Womng' s resources is of critical
i nportance even if such control violates traditional benefit-

cost efficiency notions. The survey results are presented in
Chapter 4 and the actual survey and background results are
presented in Appendi x C

Chapter 5 presents the prelimnary nethodol ogy that we
propose to utilize in the evaluation of historical water
projects and conpare the results to nore traditional
approaches. The proposed net hodol ogy i ncorporates what we
| earned fromthe survey and our other efforts. Chapter 6
offers the outlines of our proposed task structure for Phase

Il of the research
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CHAPTER |

| NTRODUCTI ON

1.1 PURPCSE AND SCOPE

This report describes the results of our first year of
work on the project entitled "An Anal ysis of Contenporary and
Hi storical Econom cs Associated with Water Devel opnent
Projects in Woning."?! The notivation for the project is the
need for a better understanding of the economc ramfications
of projects proposed for construction under Wom ng' s Water
Devel opnent Program This need is summarized aptly in the

Request for Proposals issued by the WARC in May, 1988.

In nore rapidly grow ng and nore popul ous
states in the western United States conflicts
anong users for limted water supplies are
creating the need for far reaching additional
wat er devel opnent projects as well as

i nnovative | egal nmeans of transferring the
water and its rights fromone use to another.
As Wom ng |looks to its future and the
potential need for water developnent, it is
critical that a clear understanding of all the
econom ¢ ram fications of water devel opnent
projects be understood. This may require that
Wom ng not only look at its own water supply
and demand picture (both present and the
future), but that this picture be couched in a
broader context of the water supply and denand
activities ongoing in surroundi ng western
states to determ ne what effect they may have

The project was funded by the Won ng Water Research Center
(WARC) at the University of Wom ng, Steven L. doss, Director



on Wom ng wat er devel opnent. Wile the
research conduct ed nust approach the issues
fromthe perspective of Womng, it should
serve to elevate and articul ate reasoned
concerns applicable to nany western states.
(P. 1)

The objective of our first year's research effort was to
formul ate a prelimnary set of econom c nmethods and criteria
for evaluating Wom ng water projects. These nethods were
devel oped in the context of water needs in surrounding states
and the desert southwest that may affect Wom ng' s water
devel opnent possibilities in the future. The nmethods al so
attenpt to take into consideration the legal framework within
whi ch water rights are couched and the institutional framework
i n which water devel opnent decisions are nmade in the western
United States.

Qur econom ¢ nethodology is prelimnary in the sense that
it has not yet been used to evaluate any specific water
projects. The second year of this research project woul d,
however, involve a conparison of traditional benefit-cost
approaches with our new nethods in the eval uation of
hi storical water projects in Wom ng and surroundi ng states.
Based upon that analysis, refinenents would be nmade to the new

net hods before they were finalized for use by Wom ng wat er

pl anners.



1.2 WYOM NG S WATER DEVELOPMENT PROGRAM
The Wom ng Water Devel opment Program was established by
the 1975 Legislature in WS. 41-2-112 (a), which provides in

part:

The program shall encourage devel opnent of
water facilities for irrigation, for reduction
of flood damage, for abatenent of pollution,
for preservation and devel opnent of fish and
wildlife resources [and] for protection and

i mprovenent of public | ands and shall hel p make
avai l abl e the waters of this state for al
beneficial uses, including but not limted to
muni ci pal, donestic, agricultural, industrial,
instream fl ows, hydroel ectric power, and
recreational purposes, conservation of |and
resources and protection of the health, safety
and general welfare of the people of the state
of Wom ng.

Wom ng's Water Devel opnent Program received no
significant funding until 1982, however, when the |egislature
appropriated over $100 million in general funds for the
program and established two m neral severance taxes as ongoi ng
sources- of programrevenue. The 1982 Legislature al so
established the Wom ng Water Devel opnment Conmi ssion (WADC) to
oversee the program

Since 1982, the WADC and its staff have inplenented three
prograns in support of water devel opnent in Wom ng:

1. The New Devel opnment Program

2. The Rehabilitation Program

3. The Water Resource Pl anning Program
The purpose of the New Devel opnment Programis to devel op
presently unused and/or unappropriated waters in Wom ng.

This programis funded by Water Devel opnment Account No. 1,



whi ch to date has received $117, 600, 000 of General Fund
appropriations and revenues froma 1.5 percent excise tax on
Wom ng's coal production. New devel opnent projects can be
proposed by | ocal sponsors such as municipalities and
irrigation districts. For a local entity to sponsor a new
devel opnment project, it nust be capable of assum ng all of the
project's operations and nai ntenance (0&V) costs and repayi ng
a portion of the project's capital costs. Alternatively, new
devel opnent projects can be sponsored by the state, with no

| ocal commtnent for repaynent. State projects are typically
mul ti purpose in nature and are often intended to generate a
surplus of water above current needs to provide for future
econom ¢ grow h.

The Rehabilitation Program provides fundi ng assi stance
for inmproving water projects that were conpleted and in use
prior to 1970. Rehabilitation projects are usually proposed
by |l ocal sponsors. The Rehabilitation Programis funded by
Wat er Devel opnment Account No. 2, which receives revenues from
a 0.167 percent severance tax on Woning's oil and gas
producti on.

The Water Resource Pl anning Programinvol ves devel opi ng
basin wi de water plans for the state's mmjor drai nages,
provi di ng planni ng assistance to municipalities, and doing
research in the areas of instreamflows and groundwater
avai lability. Legislative approval nust be obtained before

funds can be allocated for the study or construction of either



new devel opnent or rehabilitation projects. The WADC is
charged with eval uating both sponsored projects and state
projects in making recomrendations to the legislature with
respect to funding. The WADC currently follows a five-step
process in evaluating new devel opment and rehabilitation
projects. A brief synopsis of that process is given bel ow ?

1. Application Review - The WADC revi ews applications
frompotential sponsors to insure that the proposed
project is consistent with the programis statutory
goal s and objectives, that the WADC i s the nost
appropriate source of funds for the project, and that
there are no apparent economc, |egal, or
envi ronnment al probl ens that woul d prevent project
devel opnent. If this reviewis favorable, the WADC
requests funding fromthe | egislature for a Level |
study as descri bed bel ow.

2. Level | - Level | studies typically involve an
anal ysi s of devel opnent options, the identification
of project beneficiaries, and a description of the
physi cal, legal, technical, economc, and
environnental constraints that nay affect project
devel opment. Projects are typically recomrended for
a nore detailed. Level Il, study if there are no
constraints that would prevent project devel opnent.

3. Level Il. Phase | - Level 11, Phase 1 studies involve
a detail ed engineering analysis of the project;
detail ed estimates of project construction,
operation, and mai ntenance costs; estinmates of direct
proj ect benefits; and an anal ysis of the project
sponsor's ability to pay. A determnation is nade of
the project's technical, econonm c, and | egal
feasibility at the end of this phase. |If a project
is deened to be feasible, and the project sponsor has
the willingness and ability to participate in project
financing, the project proceeds to Level |1, Phase 2,
as descri bed bel ow.

4. Level Il. Phase 2 - Level Il, Phase 2 investigations
i nclude the final technical design work for the
project, identifying all necessary state and federal

’For a nore detail ed description of the eval uation process,
see WADC [ 1989].



permts required for the project, conducting an
environnmental analysis, identifying | and acquisition
needs, and performng a conplete econom c anal ysis of
the final design including estimtes of both direct
and secondary benefits. |If a project is still deened
feasible at the end of this phase, it is reconmended
to the legislature for construction funding.

5. Level 111 - Level Ill is the construction phase of
t he WADC Wat er Devel opnent Program During this
phase, construction permts and |and are acquired,
and construction plans and bi ddi ng docunents are
prepared. Level 11l activities term nate when
construction is conpleted and the project is
operational .

Al t hough the five-step eval uati on procedure described
above includes economc feasibility considerations, no fornal
econom ¢ evaluation criteria or procedures have been
pronul gated by the WADC. |nstead, the WADC typically
specifies the scope of the econom c anal ysis appropriate for
each | evel of study, but |eaves the choice of econonc
eval uation procedures to the discretion of prospective
contractors. The lack of formal economic criteria has been a
subject of criticismwth respect to the Water Devel opnent
Program (for exanple, see Jacobs and Taylor [1989]). One of

the primary purposes of this study is to fill that void.

1.3 A FRAVEWORK FOR ECONOM C EVALUATI ONS

There is a dichotony in the econom cs profession
concerning the appropriate framework for eval uating water
projects. Some econom sts believe that benefit-cost nmeasures
al one are the appropriate evaluation tool for water projects,
and that projects should not be constructed unless it can be

convincingly denonstrated that project benefits will exceed



project costs. This view has been argued by Freenman and
Haveman [ 1970] and nore recently by Jacobs and Tayl or [1989].

O her econom sts believe that it is often difficult to
capture all of the appropriate "pros" and "cons" of a given
project in a traditional benefit-cost framework (for exanple,
see Howe [1987]). As a result, benefit-cost neasures usually
ignore certain project characteristics that may be of interest
at the state level. To illustrate this point it is useful to
refer to Howe's depletion of the factors influencing water
decisions as illustrated in Figure 1.1. The |ower |eft-hand
circle, entitled economc efficiency, is the issue addressed
by traditional benefit-cost studies. Qher econom c issues
such as equity considerations, social stability, environnental
i npacts, and regional inpacts are traditionally ignored in
benefit-cost studies, as are certain special interest
consi derati ons.

Howe's argunent is that rational decision making with
respect to water projects can take place only when all of the
factors involved in the decision maki ng process have been
identified and the appropriate ones incorporated into project
evaluation. Qherw se, the project evaluation process wll be
subverted or ignored by those with agendas ot her than econom c
efficiency. The authors of this report agree with that view

Wth respect to the Wom ng Water Devel opnent Program
there are several economc issues that are difficult to

capture in an econonmc efficiency framework such as benefit-



—— —

" social
stabi

&
impacts

lity

. "

J—
Equitf\

considera
tions

T

Figure 1.1
Factors Influencing Water Decisions

e,

- \\ .r,_,-'""'
environ-

mental
impacts

-

—

regio lD.

impacts

e ™

spﬂnial\\
interest

. impacts
N

agency
prestige
& turf
protec-
tion
e

e

Incremental Approach
Involving consensus,

%

economic

affic

Source:

iency

Howe [1987].

problem avoidance,
and limits on
information processing

Decisions

T,

Aunﬂr &

contractor
Wraata
-

/

NS

—

monetary
kick-backs
to agency
parsonnel

)

-—

\



cost analysis. W have identified sonme of those issues in
previ ous work undertaken for the WADC (see, for exanple,

Watts, Brookshire and Cummings [1989]). Anong them are:

1. Wom ng's status as a surplus water state in a region
where wat er resources are becom ng increasingly
scarce and val uabl e.

2. The changing role of the federal governnent with
respect to water resources devel opnent and
managenent, including increasingly stringent
permtting procedures for new projects.

3. Emerging | egal trends that add an el enent of

uncertainty to Wonmng's interstate decree and
conpact water entitlenents.

4, The role of water transfers in nmaki ng water avail abl e
for new uses in the western United States.
Because econom c inplications of these factors are
difficult to capture in a benefit-cost framework, we believe
that the economc criterion used for eval uating Wom ng wat er

projects nmust extend beyond traditional efficiency

considerations. Oherwise, there will be a tendency for the

econonm ¢ eval uation criterion to be subverted or ignored.
Wth that thought in mnd, our goal during the first year

of this study has been to:

1. specify how efficiency considerations should be
addressed at state |evels;

2. identify those non-efficiency considerations of
i nportance to Woming's citizens; and

3. i ncorporate both efficiency and non-efficiency
criterion into a neani ngful decision nmaking franeworKk.




1.4 RESEARCH APPRCACH

The literature addressing the appropriateness of project
eval uation procedures is volum nous both in the governnent
"gray literature” as well as in the academ c journals.3 OQur
research approach was to attenpt to stand back fromthe
pl ethora of witings and attenpt to identify a set of central
i ssues that would guide our inquiry. To that end we asked the

foll ow ng three questions:

1. VWhat are the forces and consi derations that
potentially are and/or will "drive" Womng's
wat er devel opnent progranf

Candi date forces include the |egal environnent, the interface
between the rel ati ve abundance of Womng ' s water relative to
downstream scarcity and/or the possibilities for water

transfer schenmes. @G ven these forces, there m ght be an
argunent for evaluating Wom ng's water devel opnent program

utilizing a different franmework.

2. What is the appropriateness, for Wonm ng' s water
devel opnment program of traditional project
eval uation procedures that were principally devel oped
for Federal water projects?

This is a perspective that mght well be ternmed a "Won ng
eyes" perspective. W are asking whether a Woni ng eyes
perspective should be different fromthe federal or other

states perspectives. More specifically, given that federal

SWthin the governnent literature one only has to | ook to
docunents such as the extensive publications of the Water
Resources Council. To a large extent the academi c literature
can be traced forward fromthe works of Eckstein [1958] and
Maass et al. [1962].

10



progranms "attenpt” to choose only efficient projects, should
efficiency be the only choice criteria for Wom ng.

3. What do the citizens of the state of Wom ng
desire? Wiat perspectives do they have
regarding what is "inportant” in designing a set
of water project evaluation criteria?

Thus we were interested in asking the residents of the state

whet her a pure efficiency criterion is inportant to them and
if there are other non-efficiency considerations that are of
i npor t ance.

4, Finally, how does one, given the above
inquiries, incorporate all of the perspectives
and considerations into a neani ngful
deci si on meki ng franmework?

To this end let us be clear on our goal. W intended to
| ook beyond traditional benefit-cost analysis as it is
volum nously detailed in the literature. This is not to say
we are disregarding the traditional efficiency framework. W
are not. W sinply are asking whether the framework for
proj ect eval uation should be guided by ot her considerations
than those of strict efficiency tests as well as those that do
not fit neatly into the traditional framework.

Chapter 2 of this report presents a discussion of
efficiency and non-efficiency considerations with respect to
Wom ng's water devel opnent program Benefit-cost neasures
appropriate for Wom ng water projects are presented in
Chapter 3. Chapter 4 presents the results of a survey of
Wom ng househol ds concerning the relative inportance of

various efficiency and non-efficiency criteria. CQur

11



met hodol ogi cal framework greatly hinges on the results of this
survey. Chapter 5 presents a prelimnary method of
integrating efficiency and non-efficiency criteria, and
Chapter 6 details plans for additional research. A series of
appendi ces provi de nuch of the background material that was
instrunmental in designing the prelimnary nethodol ogy

presented in this report.
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CHAPTER 2

PERSPECTI VES ON BENEFI T- COST ANALYSI S: EFFI CI ENCY
AND NON- EFFI CI ENCY CONSI DERATI ONS

2.1 | NTRODUCTI ON

The wi de and varied history of benefit-cost analysis
notivates any attenpt to develop a framework for project
eval uation to consider the devel opnent and limtations of the
benefit-cost analysis. |In devel oping such a perspective, we
can begin the process by addressing the first question raised
in the introduction. That is, what is the appropriateness of
benefit-cost analysis and further are there limtations that
m ght require a different Wom ng perspective fromthat which
is traditionally accepted?

As such, Section 2.2 presents the phil osophi cal
under pi nni ngs of our anal ytical approach. Section 2.3 reviews
the historical uses of benefit-cost analysis. 1n devel oping
the outlines of our approach, we consider the notion of
efficiency per se in Section 2.4. Finally, in Section 2.5,
non-efficiency considerations are discussed and set in

perspective regardi ng non-mar ket consi derati ons.

13



2.2 PH LOSOPH CAL UNDERPI NNI NGS OF THE STUDY'S ANALYTI CAL
APPROACH: BENEFI T- COST ANALYSI S VERSUS BENEFI T- COST
MVEASURE

Qur anal ytical approach is sonmewhat different from what
has seem ngly becone the "traditional" approach in benefit-
cost studies. W stress the difference between procedures
followed in the estimation of a benefit-cost nmeasure, and
those rel evant for benefit-cost anal ysis.

The benefit-cost neasure is an indicator of the economc
efficiency of a project, and includes those beneficial and
adverse effects of a project which can be expressed via a
dollar nmetric. Benefit-cost analysis involves the nore
conpr ehensi ve consideration of all effects on welfare which
are attributable to the project. Benefit-cost analysis
reflects a broadly defined set of nultiple objectives of the
state, many of which are not quantifiable in dollar terns.
Exanpl es include project effects on the distribution of incone
and econom ¢ opportunities, environnental considerations, and
the preservation and conservation of the state's rights to
unused water resources.

During the early devel opnent of benefit-cost analysis as
a sub-discipline in welfare economcs, the limts of a
benefit-cost neasure in terns of providing decision nakers
wi th a conprehensive anal ysis of the social and econom c
i npacts of a water project were recognized (see Section 2.4).
A conprehensi ve framework required anal yses of soci oeconom c

i npacts beyond those rel evant for assessing the economc
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efficiency of a project. For instance, Krutilla and Eckstein
[ 1958] stressed the need to | ook beyond incones in the
efficiency measure to project effects on the distribution of
income and the growth in econom c opportunities.

Krutilla and Eckstein's argunment is that econonic
anal ysis cannot "solve" all of the decision makers probl ens.
The efficiency criterion may well involve a conflict with
other criteria, and only the decision nmaker can make the val ue
judgments required to resolve these conflicts (Krutilla and
Eckstein [1958], pp. 49-50).

Thi s phil osophi cal position is echoed in three sem nal
wor ks whi ch appeared in the early 1960s: the 1962 Harvard
wat er study (Maass et al. [1962]); the 1966 report of the
West ern Resources Conference (Kneese and Smith [1966]); and
Bain et al.'s 1966 study of the "anatony” of a water industry

(Bain, Caves, and Margolis [1966]). Maass argued that:

t he objective functions of npbst governnent
prograns are conpl ex; yet benefit-cost anal ysis has
been adapted to only a single objecti ve—econom c
efficiency. Thus, benefit-cost analysis may be
| argely irrelevant, or relevant to only a small part
of the problem of evaluating public projects and
prograns (Kneese and Smith [1966], p. 312).%

Many econom sts retreated fromthe view that project

efficiency is but one conponent in an array of descriptions of

4 See Wiite [1966] and Davis [1966] for similar argunents.
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project inpacts.® This retreat may be attributable to

econom st's concern with the potential for nefarious uses of
non-efficiency criteria for the sinple purpose of justifying

i nefficient projects:

) we are frankly concerned about the potenti al
effect that the nove to nultiple objective planning

wi |l have on the federal water resources
budget The incentives to cast about for new
objectives . . . for a public works program

. . . are obvious (Freeman and Haveman [1970], p.
1537).
Further, Kneese, a proponent of multiple objective planning

argued in 1968 that:

Wat | really fear is that many projects which are

both inefficient . . . and poor vehicles for incone
distribution will be found justifiable on incone
distribution grounds . . .. Indeed, poverty can

becone every special -m ssion-oriented agency's
hobbyhor se (Kneese [1968], p. 66).

QO hers mght argue that this retreat reflected the
profession's "discovery" of mathematics, and their frustration
with their inability to "cram non-efficiency inpacts into the
benefit-cost neasure (Bromley [1990]). Regardless, benefit-
cost analysis in the 1970s and 1980s, as conducted by a | arge
part of the econom cs profession during this period, involved
primary if not sole focus on the devel opnent of a benefit-cost
neasure, with little nore than |lip service being paid to the

non-efficiency aspects of a water devel opnent project.

°A recent exanple in this regard is the Jacobs and Tayl or
[ 1989] effort which argues that the "income" approach is the
only reasoned approach.
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Not wi t hst andi ng underlying concerns with the m suse of
secondary benefits, the apex of this trend is seen in its npst
devel oped formin the Water Resources Council's 1973
"Principles and Guidelines."” Federal policy becane
effectively an argunent for the supremacy of the benefit-cost
nmeasure ("National Econom c Devel opnent™).

The anal ytical approach we adopted takes up the calls by
such aut hors as Hanke and Wal ker [1974], Ng [1983], and nost
recently (and perhaps nost eloquently) Brom ey [1990], to push

t he anal ytical pendul um from benefit-cost neasures back in the

di rection of conprehensive benefit-cost analysis. Concern
with the limtations of benefit-cost neasures is, of course,
not limted to economsts. At the 1986 Conference of the
Universities Council on Water Resources, the university
community exhorted the federal governnent to reexamne its

role in national water and rel ated resources prograns to the

end of:

1. restating national objectives for water and rel ated
resources prograns to extend them beyond "nati onal
econon ¢ devel opnent,” as NED i s expressed by
benefit-cost neasures, and

2. providing "a revision of project evaluation

processes, goi ng beyond the narrow confines of
present Benefit/Cost nethods [enphasis added] to
those that are conpatible with expanded pl anni ng

objectives . . . " (Engineering Foundation and
Uni versity Council on Water Resources [1986], p.
12).

Qur central theme is that |egislative and public nandates

for water devel opnent in Wom ng require considerations and

assessnents whi ch extend beyond the criterion of economc
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efficiency. Benefit-cost analysis, as a conprehensive
anal yses of diverse and potentially conflicting conponents, is
not problem free.

The result fromour approach is an array of information

of the form

"This" is the benefit-cost neasure;
"These" are the inpacts on inconme distribution;

"These" are the environnental effects; and

Wb

"These" are the inplications for the security of the

states’ water rights.

Devel opi ng net hods for "trading off" these various

considerations is quite difficult, however. For instance,
trade-offs may involve situations where the benefit-cost
neasure is "high," but so are adverse environnental effects
and/ or adverse effects on the distribution of incone; or the
proj ect substantively contributes to the security of Womng's
wat er rights and has desirable effects on the distribution of

i ncone, but the benefit-cost neasure is "low " (See Appendi x
F for an illustration of this problem) Noting the desire for
a single integer that m ght serve as a yes or no indicator, we

know of no way that this can be acconplished:

the selection of appropriate water projects is
a political process, no matter how deeply hidden the
political choices are beneath the conpl ex anal ytics
of benefit-cost analysis. Benefit-cost analysis may
wel | be a useful adm nistrative tool for organizing
and utilizing technical and econom c information
. . but it should not be asked to do nore than it
can reasonably do (Hanke and Wl ker [1974], p. 907).
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2.3 HI STORI CAL USE OF BENEFI T- COST MEASURES

Benefit-cost analysis as a new branch of welfare
econoni cs was devel oped in response to the nandates of the
1936 Fl ood Control Act.® The provision of the 1936 Act

requi red anal yses of water projects to enconpass benefits "to
whonsoever they may accrue."” This left a great deal of

| atitude for the consideration of project inmpacts. During the
1950s and 1960s, benefit-cost nmeasures becane increasingly
inflated by the dom nance of "secondary benefits" (see
Burness, et al. [1980]). The inflation of benefit-cost
measures via secondary benefits is reasonably attributed to
concerns for extra-econom c aspects of water projects (see
Mann et al. [1987]; North [1977]; and Stoevener and Krayni ck
[1979]). The result was a grow ng di senchantnment with
benefit-cost measures resulting in an inpression that benefit-
cost neasures were little nore than a "ganme" played by the

Bureau of Reclamation (Burness et al. [1980]). Martin et al.

[ 1982] describes the role of benefit-cost neasures as

provi di ng nmeasures of Western water users' "wllingness to
play. " as opposed to their "willingness to pay" for water
proj ects.

The view that benefit-cost measures were being used to
justify projects is reinforced by the nmanner in which the

Bur eau of Recl amation has treated "rei nbursabl e" and

®\\¢ set aside for the nmonent the conceptual problenms which
remain at issue in terns of the structure of benefit-cost
anal yses (see Dasgupta and Pearce [1972], Chapter 1).
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"nonr ei nbur sabl e" costs. Reinbursable costs are project costs
which are to be repaid by beneficiaries of reclamation
projects. Nonreinbursable costs are attributable to project
features which result in "public benefits." Since such costs
cannot be assigned to specific, identifiable beneficiaries
they accrue to the public at |arge and are absorbed by the
federal government and are therefore "nonreinbursable."’

The "ganme" was not limted to reassignnent of capital
costs. The Reclamation Act of 1939 provides for subsidies of
capital costs to agriculture, based upon agriculture's
"ability to pay" (Burness et al. [1980]), and at a m ni num
wat er users are expected to pay all operating and managenent
(&M costs. Thus, if benefits "prom sed”" in ex-ante benefit-
cost neasures are related to actual benefits then benefits
shoul d cover O&%M costs of the project. This sinply did not

occur.?®

"The "game" which has evol ved around the assignment of costs
as reinbursabl e or nonreinbursable is seen in the foll ow ng.
Based on an analysis of 19 Bureau of Reclamation projects in the
Upper Col orado and Upper M ssouri River Basins, Franklin and
Hageman [ 1984, p. 1048] show that benefit-cost, measures
prepared for the purpose of justifying the construction of the
projects included costs assigned as reinbursable to irrigated
agriculture which anobunted to 73.2 percent of total project
costs. After the projects were conpl eted, however, costs were
reassigned fromagriculture, leaving agriculture with
rei nbursabl e costs of but 3.8 percent of project costs.

8For the 19 projects studied. Franklin and Hageman show t hat
ex ante benefit-cost anal yses for these projects were based upon
an allocation of 0&M costs whereby 92 percent of such costs were
to be reinbursable (69 percent of 0&M costs rei nbursable from
the agricultural sector); 8 percent of 0&M costs were to be non-
rei mbursable. After the projects were constructed, the Bureau

(continued... )
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However, Franklin and Hageman in noting the divergence

bet ween expected and actual project "performance"” find

justification in the role of water projects:

wat er resources have and continue to play a major
role in the provision of econom c opportunity in
western states; the value of this role is seen as
extendi ng well beyond econoni ¢ nmeasures and the
ability to pay of direct water users (Franklin and
Hageman [ 1984], pp. 1050-1051).

Thus, water planners, |acking objective neasures for

broad comunity objectives related to water reclamation, may
view the use in benefit-cost anal yses of val ues higher than
those which will likely result- fromthe project as the only
means by which these extra-econom ¢ values can be reflected in
t he benefit-cost neasure.

The argunent devel oped above relates directly to our
central theme: one should not expect so nuch fromthe
benefit-cost measure. |If water planners recogni ze and accept
the limtations of benefit-cost nmeasures, the benefit-cost
measure can be objectively derived. Oher project effects,
rat her than being "crammed" into the benefit-cost neasure, are
presented as data of equal inportance with the benefit-cost
nmeasure for the purpose of project eval uation.

Extra-econom c inpacts can be presented as part of an

analysis if one follows the Water Resources Council's

8. ..continued)
of Reclamation reall ocated 0&M costs such that only 36 percent
of O&M costs were to be reinbursable (only 6 percent of 0&M
costs reinbursable by the agricultural sector), with 64 percent
of 0&M costs then all ocated as nonrei nbursable (Franklin and
Hagenman [1984], p. 1049).
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"Principles and Standards" (38 Fed. Reg.) published in 1973,

but are displayed in sections distinct fromthe derivation of
benefit-cost neasures. Wiile a nunber of inconsistencies
exist in the rules of the Principles and Standards (see, e.g.,
Burness et al. [1980]), the conprehensive, multi-objective

di splay of all inpacts froma project, wherein the benefit-
cost neasure was but one datum is precisely the approach

whi ch we argue here is appropriate for anal yses of water
reclamati on projects. Regrettably, however, and reflecting
(we posit) a general |lack of appreciation of the limts of
benefit-cost measures, the perception renmains that the
benefit-cost measure is sonehow nore inportant than the

i nformation displayed in other "accounts” of the Principles

and St andards anal ytical framework.

2.4 PROBLEMS W TH EFFI Cl ENCY

This section is focused on how one m ght define a
framewor k for assessing water projects in Womng. W argue
that a w de range of social, economc, and political
considerations are relevant for the decision making process.
The "traditional"” benefit-cost nmeasure can provide, and should
be expected to provide no nore than, a limted anount of
information relevant for this process. |In arguing this
vi ewpoi nt, we consider directly the notion of efficiency.

Rel evant for the energing field of benefit-cost analysis,
was the focus of welfare theorists on what m ght be referred

to as a "truth rule” or "efficiency rule" which could be used
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to distinguish between "good" and "bad" social projects(H cks
[1939], Kaldor [1939], and Scitovsky [1941]).°
The stage was then set for the inplenmentation of benefit-
cost analysis. Benefits consisted of gains in incone or
i ncome- equi val ents to beneficiaries of a project. Costs would
i nclude |l osses in income or inconme-equivalents. A project
coul d be judged as "good," and thus was efficient, when
benefits were at | east as great as costs.

The efficiency objective becane viewed as val ue-free.

Mor eover, many econom sts argued that they do not "advocate"
any particular policy, but indicate (with the benefit-cost
nmeasure) to the decision maker(s) what would be "efficient.”
Thus, the following dilemma. |If the economist's advice is
ignored, is the decision nmaker "inefficient"? Sone econom sts
argue that if a choice is then made which ignores the
efficient choice, the choice is then obviously a political
choice in which distributional issues dom nate and the
econoni st renai ns an objective scientist. Bromley argues that

this subtle illusion will not wash:

To suggest to a decision nmaker the course of action
that would be "efficient” is to | oad the debate in
an unsavory way. No one, not even the nmuch naligned
publ i ¢ decision naker, know ngly w shes to be
"inefficient"; the problens arise in defining
efficiency .... Decision makers . . . understand

°A conpr ehensi ve di scussion of the evol ution of contenporary
"wel fare econom cs” is found in Brom ey [1990]. Al so, the
potential Pareto inprovenment test (truth rule) requires that
beneficiaries of a project could conpensate |losers fromthe
project in question, and still be better off than they would
have been w thout the project.
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that nost public policy is about either reallocating
econom c opportunities, or redistributing economc
advantage . . . . \Wen the econom st suggests that
sonet hing woul d be "efficient,” it is likely
under st ood by decision makers to be that policy
change which will effect a certain reallocation

.o The econom st, of course, neans sonething
qU|te different . . . (Bron1ey [ 1990], p. 26).

Clearly, the neasure is not value-free. The neasure
totally abstracts fromconsiderations related to the
di stribution of income such as who are the gainers and who are
the |l osers, and how are they affected by such gains or |osses.

Thus, the efficiency test is optimal (only) with
reference to those val ue judgnents that are consistent with
the Pareto principle” (Ng [1983], p.30). Furthernore,
acceptance of the given distribution of inconme nust be
acknow edged.

However, econom sts have | ong been concerned with the
potential disservice to the public of socioeconom c anal yses
whi ch are based solely on the efficiency criterion studies
whi ch seem ngly shroud thenselves in the cloak of "scientific

objectivity."” Such analyses are characterized by Bromnl ey as

"Bogus Sci ence, Bad Advice":

Still unconprehended, apparently, is that it is a
val ue judgnent to claimthat econom c efficiency
ought to be the decision rule for collective action
Econom sts who have persevered in this
tradltlon seem content to overl ook the |ogical
i nconsi stencies in welfare econom cs; this obduracy
apparently being justified on the grounds that a
littl e econom c anal ysi s—even if indefensible on
t heoretical grounds, and therefore bogus—+s better
than a political process left to its own devices
(Brom ey [1990], p. 20).
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The limtations of benefit-cost neasures, and its
appropriate role in the process of project evaluation is

argued by Hanke and Wal ker in the follow ng way.

Econom sts have erroneously placed the onus of
political bias on governnment agencies and their
application of benefit-cost and have felt that if
only benefit-cost could be perfected theoretically
and applied inpartially, decisions would necessarily
improve. This "increnental' strategy has not borne
fruit. Furthernore, it may actually do real harm

The public and its representatives . . . who
i nnocently believe that the single-nunber ratio
represents economc truth are thereby excluded from
t he actual decision-naking process (Hanke and WAl ker
[ 1974], p. 907).

Thus, benefit-cost neasures have inportant |imtations.
A wi de range of political, social, and econom c val ues are
rel evant for the anal yses of public projects such as water
projects. The benefit-cost nmeasure, which includes only those
aspects of a proposed project which are anenable to incone-
| i ke measures, is itself value-based. The value reflects only
econom c efficiency. Thus, the appropriate use for benefit-
cost analysis is that of providing information as to one
aspect of a project which can be useful for the political
process of project selection. Finally, the appropriate
measure of success for a conprehensive soci oeconom ¢ anal ysi s
of a proposed project is the extent to which the study

identifies the relevant range of inpacts froma project.
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These inpacts nay extend well beyond those included in the

benefit-cost measure into the benefit-cost analysis arena.

2.5 PERSPECTI VES ON NON- EFFI Cl ENCY AND NON- MARKET
CONSI DERATI ONS

G ven our distinction between the benefit-cost neasure
and the benefit-cost analysis, a conprehensive framewrk for
eval uati ng Won ng water projects should be nore than the
benefit-cost measure. In this section, we want to briefly
di scuss what this inplies and what it does not inply. The
di scussion is divided into two conmponents: (1) non-efficiency
consi derations and (2) non-narket considerations. Further, in
di scussing these elenments of a benefit-cost analysis, we
consider in Appendix F what are the inplications for
integrating the array of information that constitutes a

benefit-cost anal ysis.

2.5.1 Distributional Considerations

A central aspect of the non-efficiency considerations of
benefit-cost analysis pertain to distributional effects.
Distributional considerations take the analysis far fromthe
traditional notions of efficiency. |In examning the potenti al

distributive effects of a water project, the concern focuses

®The substance of such conprehensive anal yses is nicely
stated by Bromey: "To analyze sonething is not to reduce al
of its conponents to dollar estimtes of surplus, or to changes
in net national inconme. Wiile these neasures nay clearly be one
part of a conplete benefit-cost analysis, to anal yze a proposed
policy is to attenpt to understand who the gainers and | osers
are, and how they regard their new situation in their own terns,
and what this neans for the full array of beneficial and harnfu
effects" (Bromey [1990], p. 21).
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on the follow ng question: who are the recipients of benefits
and who are the people who bear the costs associated with the
proj ect ?

In general terns, the difference between a project whose
benefits accrue primarily to weal thy househol ds and a project
whose benefits accrue primarily to | ow i nconme househol ds nmay
be relevant. Thus, one aspect of the distributional issue is
the distribution of benefits and costs relative to incone
| evel s. Another distributional consideration mght be the
spatial distribution of the projects throughout the state.
That is, suppose that all of the projects were |ocated in the
sout heast corner of the state. Cearly, this would
potentially lead to a differential in economc activity in the
near and long term Yet, another consideration m ght be the
many possi bl e users of water projects. It mght well be
relevant to ask if the distribution of the water from an
irrigation project goes to a very small nunber of ranchers or
is in fact distributed across a larger group. Finally, the
di stribution of water uses across all of the water projects
m ght be relevant. That is, wll the projects only serve the
agricultural sector or will, in fact, the projects provide
additional water for a multitude of uses.

In considering non-efficiency notions (distributional
i npacts), one is raising the possibility that benefits and
costs may not be distributed in an "equitable" manner.

Further, one mght well be creating a situation whereby
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efficiency considerations are in "conflict" wth non-
efficiency considerations. To the extent this issue is
inportant is ultimtely dependent upon the views of the
citizens of Wom ng regarding the relative inportance of

di stributional effects vis-a-vis other effects or
considerations. Thus, our consideration of distributional
effects and their relative inportance notivates one aspect of
the survey (Chapter 3). That is, if given the trade-off

bet ween efficiency considerations and non-efficiency

di stributional considerations, how would the citizens of

Wom ng choose?

2.5.2 A Spectrumof O her |npacts

If one were to envision a spectrum of considerations that

arguably should go into a benefit-cost analysis, efficiency
measures woul d be at one end of the spectrum and non-
ef ficiency measures such as distributional effects would be
towards the other end of the spectrum The primary
differentiation between these two types of neasures lies in
the ability to place the effects in income or nonetary terns.
Bet ween these two ends of the spectrumlies a set of
considerations that fall in-between in the sense that some of
t he consi derations can be neasured in national inconme terns
while others may not. Typically these are referred to as non-
mar ket effects or considerations. For the state of Won ng
these type of effects or inpacts are well represented by the

array of natural resources that the state is endowed wth.
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For instance, there is an abundance of wldlife and many
rivers and streans that remain in their natural state. Water
projects potentially can change the availability of and the
nature of these resources.

A significant literature has devel oped over the years
regardi ng the econom cs profession's ability to quantify
changes in these resources. As this literature is well
docunented we will not detail the nethods at this point. The
extent that changes in these resources can be represented in
inconme ternms is discussed by Cunm ngs et al. [1986], M tchel
and Carson [1989] and nunerous ot her authors.

This is not to say, however, that the analyst is relieved
frombest efforts to provide nonetary neasures for project
i npacts which are anenable to such neasures. For objectives
of water projects which are non-market in nature such as the
protection of water resources fromclains of downstream
states, one can take advantage of advances nade over the | ast
two decades (see, e.g., Cunmngs et al. [1986]; Fol ner and van
lerland [1989]; and Peterson et al. [1988]).

An exanpl e of an application of the contingent
val uation nethod for valuing the protection of Wom ng's water
resources frompossible future clainms of downstream states is
seen in a recent assessnent of the Sandstone Project in
Wom ng (Watts, Brookshire and Cumm ngs [1989]). Wile, in
many cases, the useful ness of values for non-market inpacts of

a reclamation project may be limted to that of providing
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order-of -magni tude insights of relevant val ues, and may
therefore not be neaningfully sunmed in the benefit-cost
measure, their derivation and presentation along with
descriptive information of a project inpact can provide

deci sion nmakers with useful insights as to the incone
inplications of the inpact in question. |If the inpacts can
not be represented in incone terns then other nethods wll
have to be used. For instance, one mght represent wildlife

i mpacts through a study of herd size changes. !

Ypppendix F briefly addresses some of the problenms of
i ntegration of nonet ary and non- nonet ary measur es.
[I'lustrations of the problemare given.
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CHAPTER 3

BENEFI T- COST MEASURES AND CONSI DERATI ONS

3.1 | NTRODUCTI ON

In the previous chapter we discussed sone of the

shortcom ngs of using benefit-cost analysis al one to assess

the economic inplications of Wonm ng water projects. However,
we fully recognize these shortcom ngs do not preclude the
consideration of traditional efficiency neasures. That is,
the rel evance of criteria other than efficiency does not
preclude the use of efficiency criteria in project
eval uations. As such, in this chapter we consider those
aspects of water project evaluation which are "traditional™ in
the sense of bringing together those quantifiable aspects, in
terms of a dollar nmetric, that are relevant for preparing a
benefit-cost nmeasure. This discussion will then lead us to
t he devel opnent of a prelimnary nethodol ogy (Chapters 4 and
5) which consider both efficiency and non-efficiency neasures.
Conceptual and enpirical procedures for estimating
nat i onal econom c devel opnent (NED) benefits and costs
associated with agricultural, nunicipal/industrial, and
recreational water projects are well known and abound in the
literature (see, e.g., Eckstein [1958]; Mass et al. [1962];
M shan [1976]; Howe [1971]; Peskin and Seskin [1975]; Merew tz
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and Sosnick [1971]; Dasgupta and Pearce [1972]; and Young and
Howe [1988]). There is little to be added to these witings
concerning so-called NED benefits and costs. W do not intend
to reproduce the details. Thus, our attention will focus upon
met hodol ogi cal issues which are generally relevant for the

val uation of a Wom ng water project froma Wom ng

per spective.

3.2 BASI C PRI NCI PLES AND A WOM NG PERSPECTI VE

Any eval uation of a Won ng water project that
i ncor porates benefit-cost neasures, is anchored by the concept
of allocative efficiency. The task is to determ ne, using a
rat her narrow band of defined and neasured benefits and costs,
whet her the proposed project brings about a net gain to
Wom ng as neasured by the netric of dollars. Thus, for
pur poses of an analysis, the benefits are how nuch Womn ng
residents are willing to pay for the project outputs. Costs
are the opportunity costs of the foregone opportunities in
using Wom ng resources in an alternative manner.
Conceptually this is rather straightforward.

There are several reasons for using a Wom ng rather than
a federal (NED) perspective for project evaluation. First,
projects evaluated fromthe federal perspective assune that
full enploynment always exists. This is clearly not always the
case in Womng. Second, the objectives of the residents of
Wom ng m ght well be different than the federal perspective.

The survey results presented el sewhere in this report would
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appear to support this possibility. Finally, Womng is
conpeting with other states for water and will continue to
have to do so in the future. The analysis in Appendices A and
E support this perspective. Thus, we argue that the rules
publ i shed by the federal governnent over the years, which
culmnated in the Econom ¢ and Environnental Principles

GQui delines for Water Rel ated Land Resource | nplenmentation
Studi es (Water Resources Council [1973]), are not appropriate
froma Wom ng perspective.

Anot her reason for a Wom ng water perspective is to
enhance Wom ng's conpetitive position relative to other
econom c regions. That is, Womng is not investing in the
west as the federal governnent has over the years but in
Woning. In part, this is the central notivation of the
Wom ng Wat er Devel opnent Program where noney has been
explicitly set aside to develop the water resources of the
state for econom c devel opnent purposes. W recognize that
this viewpoint explicitly accepts the |egislative and
adm ni strative structure of the Wom ng Water Devel opnent
Program That is, it does not allow for the question that
many econom sts mght raise: "How nuch of the states
resources should be devoted to water devel opnent and how nuch
to other projects?" It is conceivable that if this were the
question then how the array of benefits and costs are

established would potentially be different.
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The inplications of this view are rather straightforward:
the Wom ng anal yst nust consi der benefits beyond those
traditionally considered for federal projects. |In the federal
case, only direct benefits to the nation (NED benefits) are
considered. For exanple, consider a project which yields
direct and indirect benefits for enterprises in Womn ng and
out-of-state. Only the direct and indirect benefits that
accrue to the citizens of Wonmng are appropriate if a Womn ng
perspective is taken. Fromthe federal perspective, all of

the direct and none of the indirect benefits would be

considered. The sanme argunent for a Wom ng eval uati on woul d
apply "to "ths cost side of the ledger: only the opportunity
cost to Wom ng would be included in the analysis. In both

cases, doubl e counting should be avoi ded.

3.3 ESTI MATI ON OF BENEFI TS AND COSTS

There are two central issues regarding the estimation of
benefits and costs: (1) what are the types of benefits and
costs generated by a project and (2) how does the anal yst
i npl enment neasurenent of the benefits and costs in order to
achieve a nonetary netric? What is appropriately included and
what is not included is dependent upon the perspective taken.
However, having adopted the Wom ng perspective, our task is
rather straightforward. W are only interested in those
benefits and costs that are relevant to the citizens of
Womng. In our discussion, we will limt ourselves, for

illustrative purposes, to the benefits and costs froma
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traditional water containment facility.'® W address the issue

of secondary effects later in the chapter.

3.3.1 Municipal and Small Industrial Users

Benefits depend upon the user classes. These would
i nclude residential, comrercial, public and industrial water
users. Thus, for any project, the users of the water fromthe
facility would have to be identified. Two nethods are
traditionally accepted to neasure these benefits: (1) the
wi | lingness to pay approach as deduced from nmarket measures, 3
and (2) the alternative cost approach as deduced fromthe cost
of the next best alternative source.

Costs woul d essentially be the cost of devel opi ng any new
distribution systemto deliver the water. Typically, it would
be assuned in the analysis that the direct project costs would
capture such elenents as water rights costs (if any) and the

associ ated capital and operating costs.

3.3.2 Large Industrial Users

For a large industrial user, the benefit stream would
consist of: (1) paynents received by Wom ng under a purchase
and/ or | ease arrangenent for utilization of the containnent
facilities industrial water yield, (2) the direct incone to
Wom ng residents, (3) any indirect inconme generated by the

i ndustrial user, and (4) any tax paynents to the state or

120 foll ow Howe [1971] and others for the renai nder of
Section 3. 3.

13G bbons [1986] and Jones et al. [1984] for details of
how to properly estimate the demand for water.
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| ocal governnents. Measurenent of these categories of
benefits are rather straightforward. For instance, the direct
paynments can be determ ned based upon the value of water in
the region or nationw de. Appendix A is suggestive of the
order of magnitude of this type of estimte.

The direct inconme estimates can be based upon enpl oynent
projections. The indirect incone benefits consist of two
conponents: (1) increased incone attributable to the
industrial facility, and (2) the associated nmultiplier effect
on the Wom ng econony. |nput-output nodels, while having
many shortcom ngs, can be used in this regard. |If the input-
out put approach is inadequate then the anal yst can turn to
measures of induced enploynment where a simlar type facility
has been construct ed.

Costs associated wth an industrial facility would depend
upon the agreenent between the state and the industrial user.
In principle, all of the appropriate costs would be identified

as in the case of the nunicipal costing situation.

3.3.3 Agricultura

A principle set of benefits stemmng fromagriculture
woul d be the increase in noving the land fromdry |and farm ng
toirrigated |l and and/or reducing the potential for water
shortages. Either or both of these effects mght well lead to
nore intensive cultivation, higher valued crops and expanded
acreage. Benefits are typically market measures and

represented as net farmincone.
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The costs would include any infrastructure necessary to

deliver the water, and the operating and mai nt enance of the
infrastructure. ldeally, the analyst woul d determ ne whet her
there was, as a result of the project, a net incone |oss to
agriculture in Wom ng and any ot her costs stemm ng from
surplus stocks. Again nmarket values would be the principle

nmechanismto estimate the costs.

3.3.4 Recreation

The benefits stemmng fromrecreation would result from

i ncreased opportunities for water based recreation. This

m ght include increased flat water recreation as well as
fishing. There exists a wide variety of nethods for
estimating such benefits. In principle these estimtes are
based upon the notion of willingness to pay. These nethods
i nclude the travel cost nmethod and the contingent val uation
nmet hod. For a discussion of these nethods, see Cumm ngs,
Brookshire and Schui ze [1986] and Mtchell and Carson [1989]
for the contingent valuation nethod and McConnell [1985] and
Smth and Desvousges [1986] for the travel cost nethod. Any
cal cul ation of recreation benefits would have to take into
account the potential for losses in certain types of

recreation activities as a result of the containnment facility.

3.4 MEASURI NG BENEFI TS AND COSTS:  SOME CONCERNS

3.4.1 Concerns About Secondary Benefits and Costs

The use of secondary benefits and costs has lead to

criticismof benefit-cost neasures. This criticismstens from
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t he observation that "double counting” m ght well be the
result. However, the issue is not quite so clear when a
"Wom ng eyes" perspective is adopted. Central to the
argunment are assunptions regarding the |evel of enploynent.
Federal applications assune full enployment. As such,
secondary benefits and costs are not counted. That is, the
state of Wom ng does not have full enploynment. Further

there are idle resources. As such, the argunents that are set
forth vis-a-vis federal project evaluation procedures m ght or
m ght not apply in a project evaluation in the state of

Wom ng.

What then is an appropriate perspective to take?
Initially it is inportant to acknow edge that a project wll
al ways generate secondary benefits and costs. A project wll
effect both input markets and out put markets.

For projects in Womng, the agricultural and recreation
sectors are |likely to generate secondary benefits and costs.
For exanpl e, consider a project which attracts a nunber of
recreational visitors to the project site. The analyst nust
know whether this is a net increase for the state or sinply a
"real |l ocation"” of visitors already using recreation facilities
in the state. |If the visitors are "new' then there m ght well
be a secondary benefit as represented by increased
expenditures on fishing tackle. |If there is only a
real | ocation then there would not be any secondary benefits.

Thus, our perspective is that the decision will be project
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specific as to whether to include or exclude secondary

effects.

3.4.2 The Use of Prices for Estimating Benefits

For project inputs and outputs which have market prices,

such as agricultural products, construction and 0&M materi al s,
prices are typically used as the appropriate neasure for
project benefits and costs. Several issues nust be considered
in the use of prices.

First, the use of nmarket prices for inputs and outputs
inplies an inportant assunption: the scale of the project is
such that market prices will be unaffected.'® Such conditions
wi |l generally prevail when, in the case of agricultural
outputs, the increase in the total production of any one
particul ar crop expected as a result of the project is small
relative to the total market of the crop in the rel evant
mar ket area. Wen very |arge projects are under
consi deration, and substantial increases in the production of
any one or nore crops are anticipated, the use of prevailing
prices can |lead to overestimates of project benefits. This
follows fromthe sinple notion that substantial increases in
the quantity of the crop put on the market will |ikely depress
prices received for the crop. Market studies designed to
estimate the likely price response to the increase in crop

production are typically non-existent.

Y“One would only use willingness to pay nmeasures for Woning
residents. For non-residents, expenditures and other multiplier
effects are appropriate.
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Second, it is conmmon practice to use current (or five

year average) prices to value all future costs and benefits
over the life of the project. This practice inplies the

assunption that current prices can serve as "real," inflation-
free prices for all future years. Mre to the point, this
assunes that the future rate of inflation relevant for prices
used for the costs of the project is the same as the expected
future rate of inflation relevant for the costs of the
project. Thus, the inflation rates for benefits and costs
wi |l cancel, and current prices for benefits and costs are
appropriate for the valuation of future benefits and costs.
The use of real prices for benefits and costs has appeal
inthat it relieves the researcher fromthe near-inpossible
task of estimating future prices for itens included as
benefits and costs. The problemis, however, that historical
data tell us that we should know that this practice has
invariably resulted in the persistent overestimation of
benefits attributed to water devel opnent projects,

particularly those designed to serve agricul tural purposes.®®

>The use of "real," inflation-free neasures for benefits
and costs inplies the need to use "real," inflation-free

di scount rates.

il e nmost projects are eval uated for 50(and some for
100) year lives, in just the last 25 years (between 1960 and
1985) the Producer Price Index increased by 237 percent for farm
products, while increasing by 295 percent and 422 percent for
crude materials for construction and constructi on machi nery,
respectively (U S. Departnent of Comrerce [1978a], Tables 786,
793, 768, and 769). Thus, inflation rates for agricultural
benefits (in the benefit/cost ratio's nunerator have been

(continued. . .)
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Still another indication of such overestimtes for
agricultural benefits is seen in the FarmParity Ratio (the
rati o between prices received by farnms and prices paid by
farms). The Farm Parity Ratio has fallen consistently over
the past 35 years.!” Relative to 1950, prices received by
farmers in 1985 had increased by only about one half of the
rate at which prices paid by farmers had i ncreased. Thus,
proj ects assessed in 1950 which used current prices and costs
for benefits and costs expected in the 1980s woul d have
substantially overesti mated project net benefits.

Overestimates of project benefits are not corrected by

8

adj ustnents for productivity gains.'® Typically, farm

production is increased in future years based on past trends

in productivity gains. This reflects output changes. At

i ssue then are the net returns associated with output. As is
18C.. .continued)

substantially |lower than the inflation rate relevant for future

(for exanple) operation, nmaintenance, and rehabilitation

(construction-related) costs in the benefit/cost denom nator,

inplying the potential for the overestimtion of net benefits
when current prices for benefits and costs are used.

Yyear FARM PARI TY RATI O
(1910- 14 = 100)
1950 101 1970 72
1955 84 1975 76
1960 80 1980 65
1965 76 1985 52

SOURCE: U.S. Departnment of Commerce [1978a]. Table 1195;
[ 1987b]. Table 1126.

8Farm out put per acre has increased in the foll owi ng manner
for selected crops over the 1960-85 peri od: feed grains 193
percent; hay/forage 128 percent; food grains 183 percent (U. S.
Departnent of Comrerce [1987b]. Table 1138).
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denonstrated (footnote 18) terns of trade have persistently
moved agai nst agricul ture over tine.?*°

In pointing out these problens in using "current” prices
for val uing project benefits and costs, our intention is to
draw attention to possible biases. Practically, there are few

pal atabl e alternatives for the current practice.

3.4.3 The Choice of a Planning Horizon

The "pl anni ng horizon,"” or planning period, refers to the
| ength of tinme over which expected benefits and/or costs are
to be included in project anal yses (see Young and Howe [ 1988],
pp. 36-38). For many years, it was conmon for the Bureau of
Recl amati on to use the expected physical life of the project
as the appropriate planning horizon. For danms and reservoirs,
t he expected physical life was typically around 100 years.
Since around 1973, however, the Bureau's planning horizon for
proj ect anal yses has been nore akin to the economc life of
the project, on the order of 50 years. The economc life of a
project is generally shorter than the physical |life of the
project, due to such things as anticipated technol ogi cal
changes and/ or market obsol escence, popul ation shifts, changes
i n governnent support prograns, and shifting patterns in

international trade in agricultural conmodities.

%0Over the period 1970-1985, non-real estate (real estate)
farm debt has increased by sone 400 percent (348 percent) and
median famly incone on farnms (between 1975-85) has fallen by
sonme 5 percent (U.S. Departnent of Comrerce [1987b], Tables 1096
and 1112).
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Over the | ast decade or so, it has becone common for
researchers to use a 50-year horizon but the rationale is
sel dom stated. Young and Howe [1988] recomrend a 50-year
pl anni ng hori zon, and seem ngly base their choice on the
observation that with discount rates of 5 percent or nore,
". . . at least 90% of total present value is accounted for
by year 50" (Young and Howe [1988], p. 37).

VWhile certainly no nore conpelling than the rationale
used by Young and Howe, our justification for a planning
hori zon on the order of 50 (or fewer) years reflects our
concerns with biases in estimtes of benefits and costs
di scussed above, which typically becone nore pronounced the
| onger the planning horizon. Cdearly, the state should use
pl anni ng hori zons | onger than those used in private conpani es,
gi ven the broader range of social goals relevant for water
devel opnent projects. A 50-year horizon would generally
bal ance the need for | onger periods of tinme against which to
anortize the investnent costs of water devel opnent projects
and the concern for the uncertainties of benefit/cost

estimates in estimtes of future val ues.

3.4.4 Choosing a Discount Rate

As was observed by Baunol :

) few topics in our discipline rival the social
rate of discount as a subject exhibiting

si mul t aneously a very consi derabl e degree of

know edge and a very substantial |evel of ignorance
([1968], p. 788).
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In our sinplest theories, the choice of a discount rate is
straightforward: consuner's rate of tine preference would
equal the marginal productivity of capital, in which case the
mar ket rate of interest is the appropriate rate of discount.

Probl ens arise froma plethora of sources (for
conpr ehensi ve overviews see Lind [1990]). Exanples are: (1)
differences in tax rates applied to consuner rates of interest
and those related to returns on private investnent give
downward bi ases to consuner rates, (2) new evidence suggests
that the "shadow price of capital” may distort measures sought
in a social discount rate (Lind [1990]; Lyon [1990]), and (3)
recent dramatic changes in the world and U S. economes, in
terms of nore integrated international capital markets, nmake
guestionabl e earlier estinmates of social discount rates based
on the assunption of a closed econony (Lind [1990]; Feldstein
[1985]).

It has generally been accepted that "appropriate”
estimates for a social discount rate nust focus on opportunity
costs resulting fromforegone consunption. Thus, mandating a
focus on displaced consunption and consuner rates of interest.
Results fromrecent research, however, suggest that such focus
may be m sl eading given that consuners may rationally pay and

receive wide ranges of different interest rates as a result of



a lack of self control (Thaler and Shefrin [1981]; Thaler
[1985]; and Lind [1990]).2°

G ven the norass of problens surroundi ng the di scount
i ssue, the obvious question arises as to what is currently
being done in terns of dealing with these probl ens, and what
approach to discounting mght be in the best interests of
Womng. The U S. Ofice of Managenent and Budget (QVB)
[1972] has, for the last 17 years mandated the use of 10
percent as a discount rate; this rate is based upon the pre-
tax rate of return on private capital (Lyon [1990]). An
exception i s made, however, for assessnents of water projects.
For water projects, the "appropriate"” rate is taken to be the
Treasury's borrowng rate for instruments with maturity in 15+
years.?! |t is commonly recogni zed, however, that this rate,
as with the 10 percent OMB rate, is a nom nal as opposed to a
real, discount rate (Lind [1990]; Lyon [1990]). |In contrast
to the OVMB rate, the Governnent Accounting Ofice uses
di scount rates based on the treasury borrow ng rate.?

In considering the above argunents and recalling the

argunent that Womng's water projects should be viewed froma

2%An individual may hold IRA's yielding 8 percent while
paying 16 percent for a car loan, reflecting the fear that,
shoul d he/she sell the IRA's to pay the car | oan, he/she would
fail to recoup the savings.

’The di scount rate cannot vary by nore than one-quarter
percent in any one year.

22Typical |y, the average nonminal yield on treasury debt with

maturity between one year and the nunber of years in the life of
the project under analysis.
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Wom ng eyes perspective, we find that the discount rate
should reflect the rate of return on state borrowing. This
rate will properly reflect the choice facing the state; to
build the project now or later. W have seen no evidence
since we last visited this issue (Watts, Brookshire and

Cumm ngs [1989]) to change our recommendati on of approxi mately

a four percent real discount rate.

3.4.5 1Issues of Uncertainty

There are a wide range of sources for uncertainties
surroundi ng i nportant variables in water project assessnents.
Substantial uncertainties may al so be relevant for the |egal
and institutional environnent relevant for water resources
pl anning in Wom ng (Appendices A and E). Here we discuss
sone of these nmjor sources of uncertainty and neans for
bri ngi ng such uncertainty to bear on project assessnents are
descri bed.

At the outset of any assessnment of a water project, the
practice is to estimate future demands (uses) for (of) the
outputs of the project. Exanples include: (1) increases in
agricultural output and crop prices, (2) floods avoided by the
project, (3) recreational uses associated with the project,
(4) power output and prices, and (5) rmunicipal water uses.
Most often, such estimates of future uses of project outputs
are based upon first, historical use patterns and secondly,

commitnents frombasin residents for future water contracts.
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The record of success for estimtes based upon these
considerations is poor. Uses "expected" or "predicted" at the
tinme at which a |l arge nunber of water reclamation projects
wer e being eval uated have often failed to materialize after
the project was in place (Franklin and Hageman [1984]). %
Referring specifically to irrigation, the notion that |arge
irrigation devel opnents will give rise to significant growh
in aregion's enploynent levels is belied by a | arge nunber of

st udi es. %

2As a specific exanple, ex ante estinmates for benefits
associated with the Bal dhill Dam and Lake Ashtabula fl ood
control project in North Dakota were based upon expectations of
substantial future growmh in municipal and industrial uses; such
uses were "predicted" to account for 92 percent of total
benefits. Only one other benefit category was included in the
ex ante analysis: flood control which was to account for 8
percent of project benefits. (Palanisam and Easter [1984]).
Ex post estinates for benefits attributable to the project after
32 years of operation denonstrated that zero benefits had
accrued to nunicipal and industrial water uses—the earlier
expectations for nunicipal and industrial growth had not
occurred. On the other hand, flood control benefits had been
sonme 37 tinmes higher than those expected in the ex ante
anal yses. Moreover, benefits unanticipated at the time of the
ex ante anal yses—ecreation and conmercial fishing benefits-
were shown in the ex post anal yses to account for 28 percent of
ex post benefits (Pal ani sam and Easter [1984]).

24For exanpl e, an ex post study of enploynent effects
associated with irrigation devel opnent in the Northern Hi gh
Pl ai ns was recently conducted. The authors of this study report
that their data ". . . fail to support the hypothesis that
irrigation devel opnent is a major source of regional economc
gromh in the nodern econony. The percentage changes in
regional work forces (associated with irrigation devel opnent)
woul d not, in fact, be | arge enough to be distinguished from
changes associated with business cycles, or even from
statistical 'noise" in enploynment data"” (Mann et al. [1987], p.
1715). Simlar conclusions are reported in C cchetti, Smth and
Carson [1975]; Fullerton et al. [1975]; Howe [1976]; Kel so,
Martin and Mack [1973]; Stoevener and Kraynick [1979]; and Young
[ 1984].
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There are basically three ways by which the uncertainty
of projections are treated. The first of these involves the
use of "expected values." Thus, if benefits of $500 million
may accrue fromindustrial water uses 10 years in the future,
and the probability that such industrial uses wll in fact
occur is 10 percent, the expected value of the $500 mllion is
$500 million multiplied by 10 percent (and then di scounted, of
course), or in non-discounted terns, $50 mllion. An
application of this use of expected values is seen in (Watts,
Brookshire and Cummi ngs [1989]). The major weakness of the
expected val ue approach is obvious: it is difficult to
specify probabilities associated with future water use
devel opnent s.

A second approach for treating uncertainty is
"sensitivity analysis.” Critical variables for which val ues
are uncertain are varied (usually, one at a tine) in efforts
to determne the sensitivity of the benefit-cost neasure to
changes in the values of the variable being analyzed. Thus,
given a $500 million estimate for industrial benefits as in
t he above exanpl e, and consi derable uncertainty as to whether
or not such benefits will actually accrue to the water
devel opnent project, the benefit cost neasure m ght be
calculated wth alternative val ues assigned to industri al
benefits varying, e.g., fromzero to $500 mllion.

The maj or weakness of this approach is that it does not

"treat"” uncertainty in the sense of allowing the analyst to
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arrive at sone objective nunber which would be assigned (in
this exanple) to industrial benefits. One is really sinply
asking the question: does the value assigned to industri al
benefits "matter"” in the sense of effecting substantial
changes in the benefit-cost neasure? If the value assigned to
the variable does matter, the analyst can do little nore than
attach a caveat to the reported benefit-cost neasure.

The third approach is referred to as the anal yses of
"sw tching values,"” and is an extension of the sensitivity
anal ysi s approach. The analyst attenpts to define the val ue
of the variable in question which results in negative net
benefits (a benefit-cost ratio less than unity). Continuing
the industrial benefits exanple, if one were using sensitivity
anal ysis, the benefit-cost ratio mght be calculated with the
followng arbitrarily chosen values for industrial benefits of
(resulting benefit-cost ratios are in parentheses): $0 (.60);
$100 million (.75); $200 mllion (.90); $300 mllion (1.2);
$400 mllion (1.4); and $500 mllion (2.0). |In looking for a
swi tching val ue, one would search for that value for
i ndustrial benefits between $200 nmillion and $300 million
which would result in a benefit-cost ratio of |—for exanple,
$245 mllion. The result of this type of analysis is a
statenent |like the followng: if one "believes" or accepts
i ndustrial benefits at |levels greater or equal to $245
mllion, the project is efficient; if not, the project is not

efficient.
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The above exanpl es nake obvious the fact that there are
no ideal or perfect neans for treating the uncertainty of
projections. As suggested by Young and Howe [1988], however,
"the nost inportant point is that inperfect know edge of the
future should not be ignored” (p. 75). One neans for easing
the wei ght of uncertainty on the benefit cost neasures is to

choose a shorter planning horizon as di scussed above.

3.5 CLOSI NG REMARKS

For the purposes of this Phase | work, we have attenpted
to set out sonme of the nore inportant considerations which
shoul d be considered in any effort to structure "traditional"”
measures of the economc efficiency of a project. M ssing
here are a nunber of extensions which remain as tasks for
Phase Il efforts, exanples of which include: (1) the
devel opment of a manual which provi des step-by-step gui dance
of the preparation of benefit cost neasures, (2) extensions
and applications of exanple or situational nethods for
measuring indirect benefits, and (3) nodifications of existing
farm budgets which one m ght use in assessnents of

agricultural projects.
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CHAPTER 4

EVALUATI ON CRI TERI A: A SURVEY OF WYOM NG RESI DENTS

4.1 PURPCSE OF THE SURVEY

In Chapter 2 we argued that economc efficiency criteria
such as benefit-cost analysis alone do not provide an adequate
framework for evaluating Wom ng water projects. This
concl usi on does not mean that econom c efficiency has no pl ace
in the evaluation process. To the contrary, in Chapter 3 we
argue that the benefit-cost nmeasure is an inportant eval uation
tool that nust be supplenented by other criteria. This idea
is not new Miltiple evaluation criteria have been utilized
and di scussed in the economic literature for years under the
banner of Miultiple Cbjective Planning (MOP). Federa
procedures for water project evaluations have al so stressed
the need for MOP evaluations to include environnmental, social,
and regi onal econom c concerns in water project decisions
(Howe [1987]).

A practical problemw th MOP is that determ ning the
relative inportance of various econom c objectives is very
difficult; so difficult, in fact, that sone econom sts

rel egate such activities to the political process:

wi th weights being assigned to these various
obj ectives in keeping wth the decision-nakers
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preferences and their interpretation of public
desires (Young and Howe [1988]).

The problemw th this approach for Wom ng's water
devel opment programis that it has inplicitly been in place
since the program was funded in 1982, and has enjoyed m xed
results at best. Sone state decision nakers have argued for
pl aci ng heavy wei ghts upon econom c efficiency criteria, while
ot hers have argued that efficiency considerations are far |ess
inportant than putting Womng's water to beneficial use. As
a result, there has been heated debate in the Wom ng
| egi sl ature about the direction of the Water Devel opnent
Program and the fate of individual projects, wth no objective
basis for decision making. Since one of the prinmary purposes
of this research project is to |lend sonme objectivity to that
debate, we believe that an attenpt nust be nmade to establish
the relative inportance to Womng citizens of various
conpeti ng econom c objectives.

In addressing this issue, we first reviewed the comments
of respondents to a recent statew de survey associated with
t he Sandstone project (Watts, Brookshire and Cumm ngs [1989]).
The primary purpose of the survey was to elicit bids as part
of a contingent valuation study. Approximtely one-third of
the 410 respondents, however, volunteered coments about what
they liked or disliked about the Sandstone project in
particul ar and Wom ng wat er devel opnent in general. These
comments were anal yzed, tabul ated, and re-analyzed to

determ ne whether there were any recurring issues that m ght
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be inportant to water project evaluation at the state |evel.
The anal ysis indicated that the mgjority of comrents could be
grouped into one of the follow ng categories:

1. concerns about economc efficiency - a desire to

i nvest Wonmng's resources in projects that wll
produce a viable return to the state.

2. a desire to retain control of Wom ng' s water
resources - the need to develop and utilize Wom ng's
wat er resources before downstream states lay claimto
the water—the use it or lose it" phil osophy.

3. concerns about environnental inpacts - a desire to
protect Womng's nore scenic river systens in their
natural state.

4, concerns about the equitable distribution of benefits
and costs - a desire for projects that wll benefit

all Wom ng residents; or, conversely, a desire for
project beneficiaries to pay for project costs when

only a few woul d benefit.

There are obvious conflicts anong the issues/objectives
descri bed above. For exanple, Woning could increase its
control over its unappropriated water resources in certain
river basins by bringing as much new | and under irrigation as
possi bl e, thus strengthening its legal entitlenment through
beneficial use. Such devel opnents may not be econonmically
efficient, however, and may not neet with approval fromthose
who want an equitable distribution of benefits or to preserve
river basins in their natural state.

During the Sandstone study. Watts, Brookshire and
Cumm ngs [1989] denonstrated that the contingent val uation
met hod (CVM could be used to place an efficiency value on
what woul d nornmally be considered a non-efficiency objective,

the control of Woming' s water resources. The results of that
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study indicated that Wom ng households are willing to pay a
significant sumto enhance Womng's control of its water in
the Little Snake Basin by early construction of the Sandstone
project. Conceptually, the CVYM could be used on a recurring
basis to resolve conflicting objectives that arise in water
project evaluations in the state. As a practical matter,
however, this approach has many pitfalls. First, it would
require very time-consum ng and expensi ve econom ¢ studies for
each project that is to be evaluated. Second, repeated use of
CVM t echni ques on the sanme popul ation can | ead to biased
estimates for reasons too conplex to address here.

As an alternative to suggesting the repeated use of CVM
techni ques to evaluate state water projects, we decided to
conduct a statew de survey of Wom ng househol ds to assess
attitudes and opinions about the relative inportance of
various conflicting objectives. The results of the survey
were then incorporated into a framework for eval uating Wom ng

wat er projects (see Chapter 5).

4.2 THE SURVEY | NSTRUMENT

A mail format was chosen because of the conplex issues
involved in the survey. A mail questionnaire allowed us to
provi de the respondents with the background information
necessary to forman opinion, and all owed the respondents
adequate tinme to fornmulate their responses (a copy of the
survey questionnaire is included in Appendix Cto this

report).



The questionnaire first presents the reader with
background i nformation on the Wom ng Wat er Devel opnent
Program and then asks himher to rate the relative inportance
of various uses for Wom ng's undevel oped water resources
(Question 1). The purpose of these gquestions was to assess
t he adequacy of traditional efficiency neasures associ ated
W th various water uses.

The second set of questions (Question 2) asks the
respondent to agree or disagree with four policy statenents
about the Wom ng Water Devel opnment Program The primary
pur pose of these questions was to famliarize the reader with
the issues invol ved, and provi de backup data concerning their
relative inportance.

The heart of the survey was a series of three questions
(Questions 3 through 5) concerni ng possible eval uation
criteria for Wom ng water projects. Respondents were first
presented with the four issues identified fromthe Sandstone
survey, and then asked if there were other issues they
believed to be inportant. |If so, they were asked to |i st
those other issues. Respondents were then asked to rank al
issues (including their own) as to their relative inportance
in evaluating Wom ng water projects. The questionnaire
concluded with a series of denographi c questions.

We approached the survey with sone skepticismdue to the
conplexity of Wom ng's Water Devel opnent Program On the

ot her hand, our experience with the Sandstone study led us to
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believe that many Wom ng residents are interested in and

i nformed about Wom ng's water issues, and could respond in a
meani ngful way. It should also be noted that the purpose of
this survey is not |like that of a political poll, which
attenpts to elicit the voting preferences of all registered
voters about an issue to predict the outconme of an el ection.
Instead, we were primarily interested in the attitudes and
opi nions of those Wom ng residents who are infornmed about
Wom ng's water issues and the choices the state faces with

respect to them
4.3 SURVEY METHODS

A thorough discussion of survey nethods is presented in
Appendix Cto this report and will not be reproduced here.
Briefly, a sanple of 800 Wom ng househol ds was sel ect ed
randomy fromtel ephone |istings covering the entire state.
The first of three survey mailings was initiated on Novenber
18, 1989. This mailing was followed by a second mailing of
t he questionnaire on Decenber 9, 1989, foll owed by a postcard
rem nder to nonrespondents on Decenber 21, 1989. Survey
responses were cut off as of January 15, 1990, with 345
guestionnaires returned out of a total of 636 househol ds who
recei ved questionnaires, for a response rate of 54.3 percent.?®

We consider this response rate quite good considering the

F the 800 questionnaires mailed, 164 were returned as
undel i verable which is largely attributable to the fact that the
nost recent tel ephone books avail abl e were al nost one year ol d.
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conplexity of the issues involved and the anobunt of tinme it

took to fill out the questionnaire (about one-half hour).

4.4 SURVEY RESULTS

This section presents an overview of sone of the nore

i nportant survey results that are relevant to water project
evaluation. A detailed description of the survey results is
presented in Appendix C of this report. The statistics in
Tabl e 4.1 characterize the nost inportant uses of Womng's
undevel oped water resources according to survey respondents.
The data depict the percentage, of respondents rating each
wat er use as either inportant or very inportant on a five-
point scale (5 = very inportant). The results show that
provi ding water supplies for future economic gromh is the
hi ghest rated use for Wom ng's currently undevel oped wat er
resources. This use is followed in inportance by munici pal
use, preserving wild and scenic rivers, and providing instream
flows for fisheries.

Interestingly, additional water for irrigation and
i ndustrial use was rated | ower anong respondents than the two
environnmental uses, instreamflows and preserving wild and
scenic rivers. |In fact, three of the top four nobst inportant
uses for Wom ng's undevel oped wat er resources are uses for

whi ch benefits are typically not quantified in traditional

benefit-cost studies. Traditional water uses such as
hydr opower production, recreation, and flood control received

relatively low ratings by the survey respondents, being rated
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TABLE 4.1

Survey Respondents' Rating of Potenti al
Uses for Woni ng' s Undevel oped Water?

Potential Uses of Percent Rating

Wom ng’ s Undevel oped | mportant or | mport ance
Wat er Very | nportant Rank

Wat er supplies for 78. 6 1

future economni c grow h?

Muni ci pal use 72. 7 2

Preserving wild and

scenic rivers? 70. 6 3

| nstream fl ows and fisheries? 68.1 4

Irrigation 65. 3 5

| ndustrial Use 62. 3 6

Hydr opower producti on 46. 5 7

Recreational reservoirs 34.2 8

Fl ood Contr ol 30.8 9

! Based upon a sanple of 341 Woni ng househol ds that responded to
t hese particul ar questions.

2Benefits attributable to these water uses are typically not
quantified in benefit-cost studies.
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i mportant or very inportant by |ess than half of the sanple.
This result indicates a need for evaluation criteria that take
into account non-traditional water uses.

The next set of questions dealt with a series of
stat enents concerni ng Woni ng wat er devel opnent policy.
Respondents were asked whet her they agreed or disagreed with
each statenent on a scale of one to five (5 = strongly agree).
The results are summarized in Table 4.2. Interestingly, the
statenent that Wom ng nust protect sone of its rivers from
dans and reservoirs received the highest |evel of agreenent,
80. 3 percent. The second highest |evel of agreenent was with
the statenent that Wom ng shoul d develop its water resources

before other states take our water, regardl ess of benefits and

costs. Approximately 75 percent of the survey respondents
agreed with that statement. Approxinmately 60 percent of the
respondents agreed that projects should be built only if
benefits were equitably distributed, but only 43.4 percent
believed that benefits shoul d exceed costs before a project is
built.

As mentioned previously, the purpose of this series of
guestions was primarily to famliarize the respondent with the
i ssues, rather than obtain objective data. As noted in Table
4.2 sone respondents nay have been confused by sonme of the
statenents in this section because the percentage of
respondents agreeing with both statenments 2 and 4 shoul d not

| ogically exceed 100 percent. There is additional evidence
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TABLE 4. 2

Per cent age of Respondents Agreeing

or Strongly Agreeing

W th

Policy Statenents

| ssue
St at ement

Percent of Respondents
Agreeing or Strongly
Agr eei ng

Wom ng nust protect sone of its
rivers fromdans and reservoirs
to preserve their wld and scenic
beauty.

Wom ng shoul d develop its water
resources before other states take
our water, regardl ess of whether
proj ect benefits exceed project
costs.

Wom ng wat er projects should be
built only if project benefits wll
be distributed equitably, i.e., not
confined to one small area or group
of peopl e.

Wom ng wat er projects should be
built only if project benefits
exceed project costs.

80. 3

75.2

59.4

43. 4
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that sonme survey respondents were confused at this point
because approxi mately 65 individuals who conpleted this
section of the questionnaire did not proceed with the next
section (Questions 3-5). For that reason, the results for
survey Question 2 have been used only to anplify and interpret
ot her survey results.

The nost inportant questions in the survey involved a
rank ordering of criteria for evaluating Won ng water
projects. Approxinmately 275 of the 345 survey respondents
conpleted this portion of the survey. The results are
sunmmari zed in Table 4.3, which shows that increased contro
over Wom ng's water resources is the respondent's
overwhel m ng choice as the nost inportant eval uation issue.
Approxi mately 50 percent of the sanple thought this issue was
the nost inportant for evaluating Wom ng water projects.
Approxi mately 20 percent thought preserving a bal ance between
preservation and devel opment of Wom ng's resources was the
nost inportant issue, while 13 percent thought a conparison of
a project's benefits and costs was. Distributional issues
accounted for approxi mately nine percent of the votes for the
nost inportant issue, as did other issues defined by the
survey respondents. There was no particular pattern to the
ot her issues identified by respondents.

When respondents were asked to rate the second nost
i nportant issue, preserving an adequate bal ance between

preservation and devel opnment becane the respondents' choice.
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TABLE 4.3

Survey Respondents' Ranking of Most
| mportant |ssue Associated with
Bui | di ng Woni ng Water Projects?

Percent Ranking |ssue as the

| ssue Mbst Second Most Third Mbst Fourth Mbst
| nport ant | nport ant | nport ant | nport ant

W1l the project increase
Wom ng's “control”™ over
it’s water resources? 49. 3 22.1 15.1 8.1

WIIl the project disturb the
bal ance between preservation
and devel opnment of Womng' s

wat er resources? 19.6 30.1 28.6 15.1
WIIl the project’s benefits
be greater than its costs? 13.0 20.6 27.8 30.6

WIIl the project’s benefits
be confined to a snall group,
or be distributed wi dely

across the state? 8.7 18. 4 21.1 40. 4
O her issues. 9.4 8.8 7.5 5.8
Tot al s 100. 0% 100. 0% 100. 0% 100. 0%

! Based upon approxi mately 275 respondents to this series of questions (see Appendix C for
details).
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It was al so the respondents' choice as the third nost
i nportant issue, followed by benefit-cost and distributional
I ssues.

It is interesting to note that while the policy statenent
concerning preservation in Table 4.2 received the highest
| evel of agreenent, the preservation issue was rated second as
a project evaluation criterion. A careful reading of the
questions, however, indicates that while four out of five
respondents want to preserve sone of the state's rivers from
devel opnent, a nuch small er percentage believes that objective

shoul d be the nost inportant issue wth respect to project

eval uati on.

Overall, the data in Table 4.3 indicate that the survey
respondents believe that increasing Womng's control over its
wat er resources is the nost inportant issue in evaluating
state water projects, while the second nost inportant issue is
mai nt ai ni ng a bal ance between devel opnment and environnent al
preservation. Benefit-cost efficiency criteria seemto be
nore i nportant than distributional issues, but both were rated
significantly less inportant than the first two issues by nost

survey respondents.
4.5 DEFIN TION OF | NTEREST GROUPS

A multivariate discrimnate analysis was performed on the
survey data to relate the denographic characteristics of the

survey respondents to their opinions about water devel opnent.

Table 4.4 presents a |ist of the eight nost inportant
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TABLE 4. 4

Most | nportant Variables in Explaining
Differences in Survey Responses

Vari abl e Vari abl e

Number Descri ption

1 Sel f -eval uati on as devel oper or preservationi st

2 Menbership in Wom ng Qut door Counci

3 Years of schooling

4 Cbntributions to organi zations active in water
i ssues

5 Menbership in irrigation district

6 Days of annual hiking activity

7 Days of annual bird hunting

8 Si ze of househol d
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denographi ¢ variables that explain differences in the
respondents' choices as the nost inportant issue for project
evaluation. All of the variables were statistically
significant in explaining differences anong groups of
respondents.

Based upon an analysis of the results, it appears that
the survey respondents can be broken into three rough groups
for purposes of discussion. The first group consisting of
approxi mately 25 percent of the respondents, is sonmewhat
younger, nore highly educated, nore oriented to outdoor
activities, nore likely to belong to an environnental
organi zation, and nore likely to have a famly at hone than
t he average respondent. They classify thenselves as
preservationi sts, not devel opers, and tended to define the
nost inportant issue wth respect to water projects as either
protecting the bal ance between preservati on and devel opnent,
or sone issue of their owm. Interestingly, this group tended
to cite the inportance of maintaining control over Wonm ng's
resources as their second nost inportant issue.

The second group consisting of approxinmately' 50 percent
of the survey respondents, were sonewhat ol der than the
preservationi sts, considered thensel ves devel opers, not
preservationi sts, and as a group thought that increasing
Wom ng's control over its water resources was the nost

i nportant issue. Interestingly, this group tended to rate
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bal anci ng preservati on and devel opnent as the second nost

i nportant issue in evaluating water projects.

The third group of Wom ng residents are identified by a
| ack of desire to bal ance econom ¢ devel opnent with
preservation. These individuals are much nore likely to
belong to an irrigation district, and tended to rate either,
control, benefit distribution or benefit-cost rati os nost

i nportant.

4.6 SUMVARY

Succinctly, it appears that the majority of survey
respondents wants the state to aggressively develop its water
resources and maintain control of its water destiny, but not
at the expense of wild and scenic areas of the state. They do
not necessarily believe that econom c efficiency and
distribution issues are uninportant with respect to project
eval uation, but that these issues are not as inportant as the

first two objectives.

66



CHAPTER 5

BRING NG I T TOGETHER: A PRELI M NARY METHODOLOGY

5.1 | NTRODUCTI ON

We have argued "that economc efficiency criteria

(benefit-cost neasures) should be only one elenent in an

appropriate econom c eval uation process for Woni ng water

proj ects.

In fact, our survey results indicate that two ot her

i ssues are significantly nore inportant to Wom ng residents

than the issue of econom c efficiency. A rank ordering of

issues fromthe survey in terns of their relative inportance

is given bel ow

1.

wi |l the project enhance Wom ng's control over its
wat er resources by putting water to beneficial use or
denonstrating intent to do so;

wi |l the project have negative environnental
consequences that upset the bal ance between
preservation and devel opnent of Womng's river

basi ns;

will the project generate efficiency benefits to the
state in excess of project costs; and

will the project's benefits be distributed equitably
anong the state's residents.

This section of the report presents a prelimnary

met hodol ogy for incorporating all four of these issues into a

mul ti pl e objective planning (MOP) framework for the eval uation

of Wom ng water projects.
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5.2 OVERVI EW OF THE METHODOLOGY

To incorporate non-efficiency criteria into the
eval uati on process, a method nmust be devi sed of assigning
different values to various projects according to those
criteria. For exanple, values could be assigned on an
infinite nunerical scale, as is the case with benefit-cost
nmeasures. At the other extrene, sonething as sinple as a
di chot onmous split into "acceptable"” and "unaccept abl e”
categories on each project attribute could be enployed. Wth
respect to Wom ng water projects, we see no need and many
perils to assigning continuous nunerical scales to such issues
as all of a project's environnmental consequences. Doing so
woul d not only be tinme consum ng and expensive, but would tend
to obscure the underlying criterion for acceptability on each
i ssue.

In fact, there is relatively little need for a continuous
nunerical scale with respect to a Woning water project's
econom c efficiency (benefit-cost ratio). As discussed in
Chapter 2, benefit-cost measures conpute benefit-cost ratios
on a continuous scal e because the ratio acts as a "trigger"” to
i ndi cate that funds should be shifted fromone sector of the
nati onal econony to another. As a practical matter, however,
the Wom ng Water Devel opnment Program has a fixed source of
revenue established by legislation in the form of severance
taxes, and a list of projects proposed for funding that would

nore than exhaust those revenue sources if all were funded.
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In that context, the rel evant question becones nore one of
whi ch projects neet acceptable criteria for construction, as
opposed to whether nore state noney should be diverted for
wat er devel opnent .

For that reason, and to avoid overconplicating our
prelimnary specification of the nmethodol ogy, we have enpl oyed
a di chot onous eval uation criterion for each of the three non-
efficiency issues we have identified with respect to Wom ng
wat er projects. That is, we developed prelimnary criteria
that will be used to categorize a project as "acceptable" or
"unaccept abl e" according to each of the three issues. These
di chot omobus eval uations were then incorporated into a nulti-
obj ective planning (MOP) framework depicted by the decision
tree in Figures 5.1 and 5.2. As those figures show, the
overriding econom c issue concerning water project evaluation
is whether the project will enhance Womng's control of its
wat er resources. Projects that put water to beneficial use,
or store water for foreseeable future beneficial use, have
this characteristic. The next nost inportant question is
whet her the project will have significant negative
envi ronnment al consequences, followed by the question of
whet her efficiency benefits exceed costs. The distribution of
project benefits becones the final elenent in the evaluation
pr ocess.

Usi ng the approach depicted in Figures 5.1 and 5.2, it is

obvious that the "best" Wom ng water projects are those that
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Figure 5.1 - Preliminary Evaluation Process
for Wyoming Water Projects - Part |
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Figure 5.2 - Preliminary Evaluation Process
for Wyoming Water Projects - Part Il
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enhance the state's control of its water resources, do not

have significant negative environnental inpacts, have benefits
in excess of costs, and provide for an equitable distribution
of project benefits. Projects that neet these criteria have
been | abelled as Goup 1 projects in Figure 5.1. The next
best projects, labelled Goup 2, have all of the
characteristics of Goup 1 projects except that they provide
for a less equitable distribution of project benefits.
Projects in Goups 3 and 4 have simlar characteristics to
those in Goups 1 and 2 except that efficiency benefits do not
exceed costs for those projects.

Projects in Goups 5 through 8 have characteristics
simlar to those in Goups 1 through 4 except they have
significant negative environnmental consequences. Finally,
projects in Goups 9 through 16 are simlar to projects in
G oups 1 through 8, except that they would not significantly
enhance Wom ng's control of its water resources.

Bef ore the eval uation procedure depicted in Figure 5.1

can be inplenented, a set of criteria nust be devel oped for
classifying projects as "acceptabl e" or "unacceptable” with
respect to each issue. That topic is discussed in Section 5.3

bel ow.

5.3 NON-EFFI CI ENCY CRI TERI A

It should be noted that the dividing |ine between an
"acceptabl e and "unacceptable” rating will always be

subj ective, and thus will likely provoke argunents about how a
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project should be classified. Such controversy is inevitable
with any type of ranking system The criteria suggested here,
al t hough prelimnary and subject to revision, should at | east
hel p keep debate focused on those issues which are relevant to

t he deci si on maki ng process:

e Control —A water project can enhance Wom ng's control
over its water resources in one of two ways, or both.
First, it can put currently unutilized, unappropriated
water to beneficial use, thus enhancing Wom ng's | egal
entitlements to that water. Alternatively, the project
can provide storage for water that will be put to
beneficial use at a |later date, thus enhancing control by
elimnating uncertainty about future permtting
requi renments and showing intent to put water to
beneficial use.?°

An inportant aspect of this issue is the ability to put water
to beneficial use (or store for future use) at a reasonable
cost. In the absence of cost constraints (per acre-foot of
devel oped water), any project could be designed to put water
to beneficial use. For this reason, our prelimnary

met hodol ogy specifies a $1,000 per acre-foot cutoff for rating
a project "acceptable” in terns of its ability to store and/or
put to beneficial use currently unappropriated waters. This
$1,000 figure includes the discounted value of both capital

and O&M costs over the project's life. Projects which can

2|t could be argued that projects which put water to
i mredi at e beneficial use should receive a higher rating for
"control” than projects which store water for future use. In
our prelimnary nethodol ogy, however, we have chosen to nmake
that distinction in terns of efficiency benefits to avoid
overconplicating the approach. That is, projects which put
water to imedi ate beneficial use will tend to have
significantly higher benefit-cost ratios than projects which
store water for future use, and thus be ranked higher in
priority for construction. This issue wll be addressed in nore
detail during our second year of research
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store and/or put water to beneficial use at a cost |ower than

this will be rated "acceptable,” while those that either do
not store such water or do so at a higher cost will be rated

"unacceptabl e.”

Envi ronnental Bal ance - Qur survey respondents indicated
a clear preference for maintaining sonme of the state's
wild and scenic rivers in their natural state. Thus,
criteria are needed to evaluate the relative

envi ronnental significance of any inpacts caused by new
wat er devel opnent projects. Qur prelimnary criteria
are that a project will be rated "unacceptable” if the
project would result in any of the follow ng
occurrences:

- Inundation of a significant? amount of O ass I

fisheries as classified by the Woni ng Gane and Fi sh
Depart nment;

- I nundation of a significant amount of irreplaceable big
ganme winter habitat, and habitats for mgrating birds
and endangered species in the project area;

- I nundation of any significant anmount of land that is
under consideration for either wild and scenic river
status or w |l derness status by any federal agency;

- I nundation of significant areas classified as uni que
and irreplaceable in terns of their natural beauty by
ot her appropriate criteria.

Any projects which do not fall into one or nore of the
above categories would be classified as "acceptable"” from
an environnental perspective.

Efficiency —Efficiency refers to a conparison of a
project's benefits and costs. For purposes of this
prelim nary nethodol ogy, a project wll be rated
"acceptable" if the present value of its benefits
(estimated using nmethods outlined in Chapter 3) exceed
the present value of its costs.

2"bviously the term™. . . a significant amount" is |acking
in specificity. It is our intent to quantify such ternms during
our second study year by analyzing the range of inpacts for
hi storical projects and discussing the severity of such inpacts
Wi th appropriate fish and wildlife experts.
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Distribution —Distribution refers to the nunber of

proj ect beneficiaries, their geographic diversity, and
their incone levels prior to project construction. A
project would be classified as "favorable" froma

di stribution perspective if two or nore of the follow ng
Ccriteria are net:

- More than 500 Wom ng residents would receive direct
benefits attributable to the project;

- Indirect benefits fromthe project would span nore than
a one-county area; and

- A portion of the project beneficiaries would be | ower
i ncome Wom ng residents.

5.4 | NTEGRATI NG THE METHODOLOGY W TH EXI STI NG PROCEDURES

The Wom ng Wat er Devel opnment Conm ssion (WADC) currently

uses a three-|evel approach for the evaluation and
construction of water projects. Level | studies typically

i nvol ve an anal ysis of devel opnent options and a description
of the physical, |legal, technical, econom c, and environnental
constraints that may affect project devel opnent. Level |
studies involve a nore detail ed engi neeri ng and econom ¢

anal ysis of the project, and those projects that are deened
feasible at the end of Phase Il are recommended for Level I
construction funding (see Chapter 1, Section 1.2).

Wth respect to the eval uation process described in
Figures 5.1 and 5.2, a prelimnary evaluation of a project's
acceptability with respect to the control and environnent al
i ssues could be nmade during Level | studies. A Level |
determ nation that a project would both enhance Wom ng's
control of its water resources and not harm environnental |y

sensitive areas would result in the project being classified
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in Goups 1 -through 4 on the ranking schene depicted in Figure
5.1. Such projects would receive the highest ranking possible
for a Level | study, and should be recommended for Level |

st udy.

At the opposite end of the spectrumare projects that
woul d not enhance Womng's control of its water resources and
woul d have serious negative environnental consequences. Such
projects (Goups 13-16 in Figure 5.2) should seldom if ever,
be recommended for Level |1 study.

Projects that fall into the mddle groupings (G oups 5-12
in Figures 5.1 and 5.2) should be considered for Level |
funding only on a case-by-case basis. Sone projects in these
groups may involve a trade-off between significantly enhancing
Wom ng's control of its water resources and at the expense of
envi ronment al danmage to wld and scenic areas. |n such cases,
Level Il studies may need to weigh these trade-offs using the
contingent valuation nethod or other non-market val uation
techni ques. In general, however, projects in the mddle
groupi ng woul d not be forwarded for further study unless there
is significant uncertainty about their environnental
consequences and/or ability to enhance control.

During Level Il studies, a determ nation of efficiency
benefits and the distribution of those benefits should be
made. Thus, at the conpletion of Level Il studies, a
determ nati on shoul d be made concerni ng whet her the project

falls in Goup 1, Goup 2, Goup 3, or Goup 4, or lower. (A
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nore detail ed evaluation of the project's environnental
consequences and its ability to control Wom ng's water
resources would al so be undertaken during Phase |11, and may

result in the project being downgraded after further review)

5.5 SUMVARY

Referring back to Figure 1.1 in Chapter 1, it is obvious
that there are so many factors involved in water project
eval uations that no set of criteria will ever be accepted by
all those involved in the decision making process. Speci al
interest groups will always have their input, which mght be
quite different fromthe economc well-being of the state as a
whol e. Thus, while we do not believe the nethodol ogy proposed
inthis section will end the debate about Wom ng wat er
proj ect evaluations, we believe it wll focus that debate on

the i ssues of inportance concerning Womng's water resources.

The net hodol ogy descri bed above is prelimnary; i.e.,
much nore needs to be done to define the criteria described in
Section 5.3, and the nethodol ogy needs to be refined through
application to a series of historical projects to determ ne
its usefulness in segregating "acceptable" and "unaccept abl e"
wat er projects fromthe Wom ng perspective. That topic is

di scussed further in Chapter 6 of this report.
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CHAPTER 6

PLANS FOR ADDI TI ONAL RESEARCH. THE NEXT STEPS

6.1 | NTRODUCTI ON

The central thene of this report is that strict
efficiency criteria do not capture nor represent the
i nportance of water and water devel opnment to the state of
Wom ng. W have argued that efficiency is a limted view of
the world. This argunent is supported by the extant
|iterature addressing benefit-cost issues. W also tested
this assertion vis-a-vis Wom ng residents through the
adm ni stration of a survey. The survey clearly reveal ed that
the preferences of the citizens are not bounded by strict
efficiency criteria. That is, while efficiency is an issue,
it is not the issue or criterion that solely guides the
eval uati on of Wom ng's water projects.

As such, we have attenpted to devel op a conceptua
framewor k t hat noves beyond the narrow confines of benefit-
cost neasures and strict efficiency. This approach allows for
proj ect evaluation that captures nmany of the inportant aspects
of water to the state of Womng. |If the inportant
considerations are indeed captured by our approach then the

proposed approach will allow for a nore representative
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eval uati on procedure for choosing which water projects to
bui | d.

6.2 FUTURE PLANS

Phase Il of this research will have two major thrusts.

In review ng our original proposal regarding Phase Il we found
that the spirit of our original proposed approach remnains
unchanged. That is, we nust test and conpare net hodol ogi es
and identify critical aspects of water projects that are
inportant to Wom ng. Thus, the focus of Phase Il wll be
upon an evaluation of historical water projects fromdiffering
perspectives.

W will conpare the robustness of our proposed approach
with that of the traditional benefit-cost neasure approach.
This will involve the analysis of a representative but diverse
group of historical water projects in Womng. |In addition to
the conparative approach between net hodol ogi es, the eval uation
w Il also be acconplished froman ex-ante and ex-post
perspective. Further, we wll investigate the question of how
i nportant water projects have been and wll continue to be to
the state of Wom ng. Several steps are required to
acconplish this goal

First, a set of historical water projects for analysis
must be identified. A set of criteria for the identification
of these projects will be devel oped. These criteria wll
attenpt to capture dinensions such as alternative types of

storage projects, differing levels of "control"™ of Womng's
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wat er resources, differing levels and types of environnental

i npacts and differing degrees of distributional inpacts. The
nunber of projects to be analyzed will be dictated by data
avai lability and budget constraints. W would propose to
consult with the WARC and WADC i n devel oping our criteria and
in selecting the projects for analysis.

Second, the appropriate neasures for the non-efficiency
criteria would be further devel oped and refined for defining
whet her a project is "acceptable” or "unacceptabl e" as
di scussed in Section 5.3. For instance, what is an
appropriate neasure of "control"? Is it the anmount of water
in a containnment facility and/or the anount in a particul ar
basin relative to other basins that have significant
downstream scarcities? How nmany mles of Class | fisheries
should we allow to be destroyed before classifying a project
as "unacceptable'? W have suggested the outline of these
criteria in Chapter 5. However, we argue that these issues
remain central to our Phase Il effort.

Third, having devel oped the non-efficiency neasures, the
necessary primry and secondary data will be obtained. 1In
sone cases sufficient data will be avail able through published
docunents. |In other cases, sone primary data gathering may be
needed. There is the possibility that another survey wl|
have to be designed and adm ni stered for data collection
purposes. This mght involve visitation with users of the

wat er projects. It should be noted that sonme aspects of the
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assessnent net hodol ogy may not be anenable to historical
testing. In such cases, an attenpt will be nade to clearly
identify the resulting biases.

Fourth, an evaluation will be nmade as to whether anot her
survey (in addition to the above nentioned possibility) should
be adm nistered. The purpose would be to provide a ranking in
addition to the rankings derived fromthe traditional benefit-
cost neasure approach and our proposed nethodol ogy. This
woul d potentially represent a test as to whether our proposed
net hodol ogy nore cl osely represented the inportance of water
projects relative to the inportance as inplied by the benefit-
cost neasure.

Finally, by taking an ex-post and ex-ante perspective, we
will be able to focus on the extent to which the projects
succeeded or failed in the generation of benefits and costs
anticipated in pro-construction feasibility analyses, and the
econom ¢ and institutional characteristics of the projects
whi ch can be identified as contributing to such success or
failures. Attention will focus on the structure of the area
econony to determne the extent to which indirect effects were
truly associated with the projects' construction and
operation. The role of social infrastructure also wll be
exam ned ex-ante and ex-post, to determne if the needs and
costs for such infrastructure were adequately anticipated in
project proposals. Thus, in addition to the overall ranking

by the two approaches, the analysis will be a conprehensive
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identification of economc and institutional conditions
requisite for indirect benefits, costs, and environnental
effects, and the relationship between these econom ¢ and
institutional variables and the magnitude of indirect and
environnental effects (in dollars or otherw se).

Based upon the results of the above efforts, the
prelimnary assessnent nethodology will be refined and
nodi fi ed. Procedural steps necessary as well as necessary
data to inplenent the nethodology will be carefully detailed.
It is anticipated that the historical analysis wll lead to
useful insights into the validity and applicability of the

assessnent et hodol ogy.
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APPENDI X A

WOM NG S WEALTH OF WATER RESOURCES AND SCARCI TY ELSEVWHERE

A.1 | NTRODUCTI ON

Thi s appendi x addresses the followi ng issues: (1)
wat er availability, water use, and water entitlenents for
Wom ng; and (2) potential scarcity in other states. The
notivation for the investigation can be found in our attenpt
to understand Question 1 in the introduction: Wat are the
forces driving the water devel opnent progran? As it wll
hopefully becone clear in reading through the appendi x,
Wom ng has an abundance of water for now and for needs in the
near future. However, other states and in particular the
downstream basin states, do not have an abundance of excess
water now. It was this juxtaposition of abundance and
downstream scarcity that interested us. A further notivation
for the subject matter of this appendix was to |lay the
groundwork for the survey of Wom ng residents.

A .2 WOM NG S WATER AVAI LABI LI TY, WATER USE AND WATER
ENTI TLEMENTS

Womng is separated into four adm nistrative water
divisions. The first three of these divisions contain
headwat ers of the M ssouri River. Water Division #l includes
the Niobrara River, the North Platte River, and the South
Platte River drainages; Water Division #2 includes the Tongue
Ri ver, the Powder River, the Belle Fourche River, the Little
M ssouri River, and the Cheyenne River drainages; and Water
Division #3 includes the darks Fork R ver, the Bighorn R ver,
and the Little Bighorn River drainages. For the purposes of
this appendi x, the Yellowstone River and its tributaries are
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included in Water Division #3, although their water is not

avai l abl e for use in Wom ng for geographical as well as |egal
reasons. Finally, Water Division #4 includes headwat ers of
three river basins: (1) the Little Snake River and the G een
Ri ver, which run into the Col orado River Basin; (2) the Bear
Ri ver, which flows into the Geat Salt Lake Basin; and (3) the
Snake River and the West Teton tributaries, which formpart of
t he headwaters of the Colunbia R ver Basin. (See Figure A1l
for an overview.)

Tabl e A. 1 describes water availability and water use by
water division. The basis of this table is a simlar table in
an information leaflet fromthe Wom ng Water Pl anni ng Program
(WAPP) from June 1972 (Wom ng State Engineer's Ofice
[1972]). Fromthe WAPP table, we reproduced colums (2), (3),
and (4) directly, by sinply adding up the figures of those
rivers that belong to one water division. This assumes, that
nat ural streanfl ow volunme has not changed significantly since
1968. We al so assuned that the total surface area of
reservoirs in Wonmng did not change significantly during the
sane period, as well as all other factors that influence
evaporation fromreservoirs. Subsequently, we also retrieved
the data for colum (7) fromthe WAPP table.

Updat i ng was necessary, though, for colums (5) and (6),
which in turn changes the figures in colums (8) and (9).
Since the necessary data for this procedure is available only
for counties, the first step was, to relate the 23 counties in
Wom ng to the four water divisions:

1. Al bany, Carbon, Converse, Goshen, Laram e, Natrona,
and Platte Counties belong to Water Division #l;

2. Campbel | , Crook, Johnson, N obrara, Sheridan, and
Weston Counties belong to Water Division #2;

3. Big Horn, Frenont, Hot Springs, Park, and Washaki e
Counties belong to Water Division #3;

4, Li ncol n, Sublette, Sweetwater, Teton, and U nta
Counties belong to Water Division #4.
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TABLE A. |

Wom ng Average Annual Streanflows and Water Uses
(Streanfl ow Base Period from 1948 - 1968;
all figures in acre-feet/year)

WAt er Streanfl ow Water Yield State Line
Di vi si on into Wom ng W t hin Qut f | ow under
From O her Wom ng Nat ur al
St at es Condi ti ons
(1) (2) (3) (4)=(2)+(3)
Div.No.1 530, 000 1, 240, 500 1, 770, 500
D v. No. 2 --- 1, 019, 100 1, 019, 100
Div. No. 3 446, 000 6, 645, 000 7,091, 000
Div. No. 4 531, 000 6, 922, 700 7,453, 700
Wom ng 1, 507, 000 15, 827, 300 17, 334, 300
Man’ s Water Consunption in Wom ng Depl et ed
Streanf | ow
Leavi ng
Irrigation Muni ci pal Reservoir Tot al Wom ng
& Evaporati on
| ndustri al
(5) (6) (7) (8) (9)=(4)-(8)
637, 600 59, 100 180, 000 876, 700 893, 800
140, 400 13, 900 66, 000 220, 300 798, 800
1, 086, 700 15, 200 106, 000 1, 207, 900 5, 883, 100
392, 000 129, 100 38, 000 559, 100 6, 894, 300

2,256, 700 217, 300 390, 000 2, 864, 000 14, 470, 300
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These assignnents are naturally arbitrarily, because in
nost cases political boundaries do not foll ow watersheds.
Therefore, we will only nention the three nost significant
probl ens:

1. the Sweetwater River in Frenont County belongs to
Wat er Division #l;

2. the Little Bighorn R ver in Sheridan County bel ongs
to Water Division #3;

3. the Little Snake River in Carbon County belongs to
Wat er Division #4.

After this prelimnary step, the updating of colum (5)
could begin. Data on the anpbunt of water used for irrigation
in each county or water division was not available. But from
the U S. Census of Agriculture (U S. Bureau of the Census
[1972, 1977, 1984]), the irrigated acreage in each county was
known for the years 1969, 1974, and 1982. The nean of the
data from 1969 and 1974 was taken to represent the irrigated
acreage at the tinme, when the WAWPP table was conpiled. This
enabl ed us, to conpute 1982 water consunption for irrigation
for each water division by adding up the irrigated acreage of
all counties wthin one water division and then using the
foll ow ng formul a:

1982 irrigated acreage
1972 irrigated acreage

X 1972 water consunption for irrigation

= water consunption for irrigation

The data for 1972 water consunption for irrigation is taken
fromthe WAPP table. The results are shown in colum (5).

To update the data for nunicipal and industrial water
consunption two factors nust be kept in mnd: the grow ng
popul ati on and the increasing water consunption per capita.
To take care of the change in population, we retrieved data
about the popul ation of Wom ng counties in 1970 and 1980 from
the Wom ng Data Handbook 1987 (Departnment of Adm nistration
and Fiscal Control [1987]) and transferred the county
popul ations into water division populations, according to the
assi gnnent descri bed above.
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Adj usting the water consunption per capita was not
straightforward. The U S. Geol ogi cal Survey (USGS) publishes
wat er use data that includes per-capita use broken down to the
state level every five years (Murray [1972]; Solley [1983]).
Thus, we had to assune the same per-capita water consunption
inall four water divisions. Unfortunately, the USGS breaks
down nuni ci pal and industrial water use into four categories:
(1) public supply, (2) rural donestic and |ivestock use, (3)
t hernoel ectric power generation, and (4) other self-supplied
i ndustrial use. Further, water consunption is given only as
total water consunption, containing ground water and saline
water as well as fresh surface water, but water withdrawal is
broken down into these categories. So, we assuned that the
portion of fresh surface water in water consunption is the
sanme than its portion in total water withdrawal. This
assunption enabl ed the cal culation of fresh surface water
consunption in each of the four water user categories
mentioned above. Table A 2 shows the results of these
cal cul ati ons.

By dividing the nunbers in Table A 2 by the population in
1970 and 1980, respectively, we obtained the fresh surface
wat er consunption per capita:

o for 1970: GC;o = 84.7 gallons/day

o for 1980: Gy 201. 4 gal | ons/ day.

This represents a dramatic increase in water use per

capita within a period of only ten years. This mght be
partly due to an inconsistency in the USGS data about water
use for thernoelectric power generation in Wom ng. The water
consunption figure junps from5.3 to 45 ngd over this ten year
period, representing an 850 percent increase. The water

wi t hdrawal figure, however, increased only by ten percent
during the sane period. W had to use these inconsistent
figures, because other figures were not available. This m ght
explain a part of the dramatic increase in water consunption
per capita. However, the data for public supply and for other
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TABLE A. 2

Wom ng Surface Water Consunption

Fresh Surface Water Consunption
In mllion gallons/day (ngd)

Wat er Use Category 1970 1980
Publ i c Supply 6.12 32. 20
Rural Donestic and Livestock Use 15. 36 10. 92
Ther noel ectri ¢ Power Ceneration 5.3 45

O her Sel f-Supplied Industri al

Use 1.38 6. 47
Tot al 28. 16 94. 59
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sel f-supplied industrial use also increase drastically, which
i ndicates that our results are not totally unrealistic.

The final cal culation of the mnunicipal and industri al
(M&l') water consunption, as it appears in Table A 1, was done
according to the follow ng formul a:

1980 population x Cgo_ x 1970 M& water consunption
1970 popul ation x Cyg

= 1980 M&l water consunption.

The results of this calculation, done for each water division,
are shown in colum (6).

The rest is straightforward: The updated colums (5) and
(6) are added to colum (7)), which represents reservoir
evaporation, which presumably did not change since 1968.
These suns are shown in colum (8) and represent man's
depletion of streanflow. Colum (8) subtracted from col um
(4) vyields the depleted streanflow | eaving Wom ng.

Table A.1 shows the quantity of water, that is flow ng
t hrough and out of Woming. But not all of this water is
avai l abl e for consunptive use in Woning. Interstate conpacts
and court decrees regulate for nost rivers, how nuch water
Womng has to allowto cross its stateline. Table A 3 shows,
how much nore water Wom ng citizens could consune, in
addition to the amount they are using now. This table is
based on data nade avail abl e by Donald J. Brosz, Extension
Irrigation Engi neer at WARC. The nunbers vary a little from
those in the corresponding colums in the previous table,
which is not surprising, given the randommess of stream fl ows
during the years.

A. 3 POTENTI AL SCARCI TY | N OTHER STATES

There are at |east two ways that the scarcity issue can
be exam ned: (1) exam nation of water right prices, and (2)
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TABLE A. 3

Water Available to Wom ng
(in acre-feet/year)

Stream Yield Qutfl ow Consunp- Legal ly
+ I nfl ow tive Use Avail able
but Unused
Yel | owst one Ri ver 2,706,000 2,706,000 0 *
Cl arks Fork River 716, 000 690, 000 26, 000 424, 000
Bi ghorn Ri ver 3,961,000 2,608,000 1,083,000 1, 600, 000
Little Bighorn R 119, 000 114, 000 5, 000 *
Tongue River 460, 000 376, 000 84, 000 94, 000
Powder Ri ver 434, 000 338, 000 96, 000 165, 000
Little Mssouri R 35, 000 31, 000 4,000 **
Bel |l e Fourche R 86, 000 66, 000 20, 000 7, 000
Cheyenne Ri ver 79, 000 58, 000 21, 000 **
Ni obrara Ri ver 7, 000 3, 000 4,000 * ok ok
North Platte River 1,473, 000 966, 000 777,000 *okx
South Platte River 20, 000 7, 000 13, 000 *okx
Littl e Snake River 404, 000 385, 000 19,000 )
) 455,000
G een River 1,882,000 1,536,000 346, 000 )
Snake River 4,436, 000 4,438, 000 88, 000 150, 000
West Tet on
Tributaries 360, 000 355, 000 5, 000 *
Bear River 431, 000 343, 000 88, 000 13, 000
Tot al 17, 349, 000 14, 400, 000 2,949, 000 2,908, 000

*The water in the Yell owstone River and in the Wst Teton
Tributaries is generally considered not available for use by
Wom ng. Reasons for this are geographical barriers and

| egal situations. The Yell owstone River |eaves the

Yel | owst one National Park in Mntana and the Wst Teton
Tributaries are separated from Wom ng by the Grand Teton
Nat i onal Park.

**For the rivers that are not under conpact agreenents (the
Little Bighorn River, the Little Mssouri River, and the
Cheyenne River) it is not exactly known how nmuch additi onal
water is available for use in Wom ng.

***Ni obrara River, North Platte R ver and South Platte River are
generally considered as fully appropriated.
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proj ected depletions.?® In what follows two trends becone
obvious. First, water right prices have been increasing over
time and will continue to increase. Second, basins wll
becone depleted fromindividual state perspectives.

Water right prices have increased rather dramatically in
the 1960 to 1980 tinme period. Table A 4 indicates that the
val ue of water rights in Arizona increased from $708 to $750
per acre-foot in the 1970 to 1980 period. In southwestern
Col orado, and in the Col orado Bi g- Thonpson area, however,
prices increased from $913 and $310 per acre-foot in the 1960s
to over $2,000 and $3,000 per acre-foot, respectively, in the
1980s. The value of water rights in Nevada renuai ned
relatively constant during the 1960s and 1970s, but increased
nore than five-fold between the 1970s and 1980s. Prices for
water rights in New Mexico increased from between $427 per
acre-foot and $2,661 per acre foot in the 1960s to between
$1, 000 and $10, 000 per acre-foot in the 1980s. Cearly Table
A. 4 suggests that water values in the western states are
i ncreasing significantly.

Water right prices can be expected to increase over tine.
Table A .5 presents a sinple projection based upon the data
presented in Table A.4. The estinmates are based upon a
geonetric extrapol ation of the increases that occurred in the
1970-1986 tine period. Wile one cannot know the precise
val ues fromsuch a sinple forecasting franework, the table
does suggest that if the recent past is a predictor of the
future that values will increase dramatically. As such, it is
not difficult to infer that there will be increasing pressure
on downstream states to find "new' water.

Turning to expected water deficits. Table A 6 presents a
possi bl e trend through the year 2030. Rapidly growi ng states

28Thi s section draws heavily on investigations previously
conducted by the authors (Watts, Brookshire, Cunm ngs [1989]).
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TABLE A 4

Water Rights Prices in Selected Western States:
1960s Through 1980s

$ Per Acre-Foot, 1985 Dollars

1960s 1970s 1980s
Ari zona $ NA $ 708 $ 750
Col or ado:
Sout hwest 913 1, 929 2,102
Bi g Thonpson 310 1, 252 3, 059
Nevada 320 255 1, 394
New Mexi co 427- 853- 1, 000-

SOURCE: Saliba, Bonnie Col by, David B. Bush, WIlliamE. Martin,
and Thomas C. Br own, "Do Water Market Prices
Appropriately Measure Water Val ues?" Natural Resources
Journal . 27(3) (Sumrer 1987), pp. 617-652, Table 2.

NA: Not avail abl e
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TABLE A 5

Water Rights Prices in Selected Western States:
1990s t hrough 2020

1990s 2000 2020
($ Per Acre-Foot; 1985 doll ars)

(1980s)
AZ 850 784 820 925
co
S. W 2,102 2,682 3, 421 5, 605
C BT 3, 059 5,978 11, 683 NA
NV 1. 394 NA NA NA
NM 1, 000- 1,172- 1, 269- 1, 743-
10, 000 11, 267 12, 694 16, 114

Sources: See Sources given in Table A 4. Estimates for 2000-
2020 are extrapol ations from m d-1980 val ues based on
geonetric increases during the 1970-86 peri ods.

NA: Not avail abl e
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TABLE A. 6

Expected Water Deficits in Selected Western States

1990 2000 2010 2020 2030
(1, 000 Acre-Feet)

AZ 60- 500 27- 434
CAL 1, 010 1, 130
CcaL 2 ---- ---- 9 ----
KS 111 93 76 64
OK 112 700
X 64- 800 ---- ---- 1, 100- 2, 500 ----
ut Tt aii s ---- Starts

Sources: Arizona Water Commi ssion [1977]; State of California,
[1983], p. 79; State of Col orado and Bureau of
Recl amation [1974], p. 20; State of Kansas [1978], p.
79; Okl ahoma Water Resources Board [1980], p. 154,
155; Texas Departnment of Water Resources [1983],
Section 3; and State of Uah [1981], p. 15, for the
| isted states, respectively.
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such as Arizona and California can be expected to experience
wat er deficits in the near future.

A 4 | MPLI CATI ONS OF WWOM NG S ABUNDANCE AND DOWNSTREAM
DEFI CI TS FOR THE COLORADO BASI N

The inplication of the water shortages expected in these
states are apparent. |f such shortages and high prices, in
fact devel op, economic activity in those states wl|
potentially decline and the ability to attract new industry
wi |l also correspondingly decline. As such, these states may
attenpt to avoid shortages and attendant high prices by
attenpting to enhance their supplies from other sources
t hrough | egal maneuvers. This point is devel oped froma | egal
perspective in Appendi x E.

It would appear that Wom ng's rel ati ve abundance of
wat er juxtaposed with the downstream shortage scenario woul d
suggest that any nethodol ogy for eval uation Wom ng's proposed
wat er projects would have to consider "controlling”" Womng's
water. The issue was explored in the specific context of the
Watts, Brookshire, and Cummi ngs [1989] report. |In broadening
t he perspective developed in that effort, the survey reported
upon in Chapter 4 and Appendix D attenpted to broaden the
perspective of Wom ng's potential |oss of sone of its water
resour ces.
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APPENDI X B
THE PERM TTI NG PROCESS FOR WATER PRQJIECTS

B.1 | NTRODUCTI ON

Wonming's ability to control the devel opnent of its water
resources is hindered in several ways by forces over which it
has little control. Anong the nore form dabl e obstacl es
facing the state in its attenpt to devel op new surface water
supplies is the nmaze of federal |aws, rules, and regulations
that guide the federal permtting process for new dans and
reservoirs in the state. These |laws, rules, and regul ations
derive froma series of national environnmental concerns that
directly affect Womng's ability to control its water
resources. The nore inportant pieces of federal |egislation
af fecting water devel opnent in Wom ng are:

1. The National Environnental Policy Act (NEPA) of 1969,

subsequent anendnents, and rules and regul ati ons for
i npl enent ati on;

2. The Endangered Species Act of 1973, subsequent
anendnents, and inplenenting rules and regul ati ons;

3. The C ean Water Act of 1972, subsequent anendnents,
and i nplementing rules and regul ati ons;

4, The Environnmental Quality Inprovenent Act of 1970,
subsequent anendnents, and rules and regul ations for
i npl enent ati on; and

5. The Fish and Wl dlife Coordination Act of 1978,
subsequent anendnents, and rules and regul ati ons for
i npl enment ati on.
These five pieces of federal legislation and their
i npl enenting rules and regul ations formthe cornerstone of
federal involvenent and control of water resources at the
state level. These acts also provide other individuals,
organi zations, and states with a variety of adm nistrative and
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| egal tools that can be used to delay or prevent Wom ng and
ot her states from devel opi ng water resources as they see fit.
Thus, even in situations where a state's legal entitlenent to
its water resources is unquestioned, rules and regul ati ons
stenm ng from national environnental concerns can be used to
thwart the devel opnent of those water resources.

This appendix is divided into three sections as foll ows:
Section B.2 provides a brief overview of some of the nore
i mportant pieces of federal legislation affecting Wonm ng's
control of its water resources. Section B.3 then presents an
overview of the permtting process required for water projects
under these federal rules and regul ations. Section B.4
summari zes how these rules and regul ations can be used to
thwart water devel opnent efforts at the state |evel.

B.2 OVERVI EW OF FEDERAL LAWS AND REGULATI ONS

B.2.1 The National Environnental Policy Act

The National Environnental Policy Act of 1969 ( NEPA)
requires all federal agencies to prepare an environnental

i npact statenent (EI'S) on environnmental consequences of any
maj or federal actions or proposed |egislation. Conponents of
t he environnental inpact statenent nust include:

e the direct environnental inpacts of the proposed
action;

e any adverse environnental effects which cannot be
avoi ded shoul d the proposal be inplenented,

e alternatives to the proposed action;

e the relationship between |ocal short-term uses of
man' s envi ronnent and t he mai ntenance and enhancenent
of long-term productivity; and

e any irreversible and irretrievable comm tnents of
resources which would be involved in the proposed
action should it be inplenented.

The definition of what constitutes a major federal
action, requiring an environnental inpact statenent, is at the
di scretion of the federal agency or agencies involved. 1In
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sone cases, a |less detailed environnental assessnent (EA) is
conducted prior to making a decision as to whether a full EI'S
is required. As a generalization, future Wom ng water
projects will probably require an EI' S because such projects
i nvari ably involve the issuance of a Section 404 permt under
the Cean Water Act, some changes in use for federal |and
hol dings in the state, or sonme endangered species
considerations. All of these considerations are viewed as
maj or federal actions by federal agencies involved.
B.2.2 The Cean Water Act

The Federal Cl ean Water Act is adm nistered by the
Environnental Protection Agency, and has its objective to

restore and maintain the chem cal, physical, and
biological integrity of the Nation's waters.” Section 404 of
the Cean Water Act authorizes the U S. Arny Corps of
Engineers to issue permts for the ". . . discharge of dredged
or fill materials into the navigable waters at specific

di sposal sites,"” after notice and opportunity for public
hearings. The Corps is authorized to prohibit, deny or
restrict any project involving dredged or fill materials that

wi | | have unaccept abl e adverse effects upon nunicipal water
supplies, fisheries, wildlife, or recreational resources.

As a practical matter, virtually any stream worthy of
wat er devel opnent in Wonmng is classified as "navigable," and
the i ssuance of a federal permt under Section 404 of the
Clean Water Act is generally regarded as a major federal
action requiring a full EI'S under NEPA.
B. 2.3 The Endangered Species Act

The purpose of the Endangered Species Act is to provide a

means of conserving the ecosystens upon whi ch endangered and

t hreat ened speci es depend. Determ nation of endangered and

t hreat ened species is made by the Secretary of the Interior,
who al so designates critical habitats of these species based
upon the best available data. The term "conservation" as
defined in the act neans the use of all methods and procedures
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necessary to bring an endangered or threatened species to the
poi nt where such neasures are no | onger necessary. They
include, but are not limted to, research, habitat acquisition
and mai nt enance, propagation, and transplantation.

Bef ore the construction of any project involving the
federal government can begin (which is virtually all projects
requiring a 404 permt), the |lead federal agency nust request
the Secretary of the Interior for information on whether any
species which is listed or proposed to be |listed as endangered
or threatened nay be present in the area of the proposed
action. |If the Secretary advises that such a species may be
present, the federal agency nust then conduct a bi ol ogi cal
assessnent for the purpose of identifying any threatened or
endangered species which is likely to be affected. Also, any
private citizen can petition the Secretary to investigate the
presence of threatened or endangered species, or request a
judicial review of any decision of the Endangered Species
Commttee. |If the assessnent concl udes that endangered
species are likely to be inpacted by the project, the U S
Fish and Wldlife Service nmust conplete a biological opinion
defining project inpacts and identifying conservation neasures
the project proponent nust inplenent to mtigate those
i npacts.

B.2.4 The Environnental Quality inprovenent Act

The Environnmental Quality Inprovenent Act of 1970
established the Ofice of Environnmental Quality, a National
Council on Environnental Quality, and a professional and
adm nistrative staff to support the council. The council on
environnmental quality acts as an environnental "watch dog,"
assisting, review ng, coordinating, analyzing, and overseeing
all activities conducted by the federal governnment which
potentially affect the quality of the environnent. As a
practical matter, the Council on Environnental Quality acts as
an admni strative body of last resort in resolving conflicts
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anong various federal agencies regarding the environnental
consequences of federal actions.
B.2.5 The Fish and Wl dlife Coordinati on Act

The Fish and Wldlife Coordination Act defines procedures

for handl i ng endangered speci es considerations with respect to
federal actions involving water projects. 1In particular, the
act directs the U S. Arny Corps of Engineers to prepare a

bi ol ogi cal assessnent prior to issuing a dredge and fil

permt under Section 404 of the Cean Water Act to determ ne
i f any endangered species are affected by such actions. This
bi ol ogi cal assessnent nust then be sent to the U S. Fish and
Wldlife Service (USFW5) for review. |If both the Corps and

t he USFW5 agree that no endangered species considerations are
invol ved with respect to the project in question, a non-

j eopardy opinion is issued, and the U S. Arny Corps of
Engineers is free to proceed with other aspects of the
permtting process under the C ean Water Act.

If either of the two agencies believe that there is a
potential for injury to endangered species, the USFWS t hen
prepares a separate biological opinion under Section 7 of the
Endangered Species Act. That biological opinion can result in
a recommendation to deny a dredge and fill permt under
Section 404 of the Clean Water Act, to issue such a permt, or
to issue such a permit with conditions to protect endangered
speci es.

B.3 THE PERM TTI NG PROCESS

The federal |laws and inplenenting regul ati ons descri bed
in the previous section pose an om nous set of hurdles for a
state such as Womng attenpting to develop its water
resources for the benefits of its citizens. To better
understand the nature of these hurdles, and the uncertainty
that they portend for Wom ng's water devel opnment program
this section presents a brief overview of the permtting
process that has evolved fromthe federal |aws and regul ati ons
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described in the previous section. This overviewis presented
in a series of steps that are sonewhat arbitrary by
definition, and do not necessarily correspond to steps in the
process as defined by federal agencies. They do reflect the
maj or conponents of the permtting process froma |layman's
perspecti ve.
B.3.1 Lead Agency Definition

The first step in the permtting process is a

determ nation of whether federal interest is involved in the
project, and if so, the definition of a | ead federal agency.
Virtually any new surface water devel opnent project in the
state of Womng will require federal involvenent because of
Section 404 of the Clean Water Act. Projects are exenpted
fromthis section of the Clean Water Act only if they involve
non- navi gabl e water ways on private land, and relatively few
perspective projects of interest to the state neet this

cat egory.

The | ead federal agency in the permtting process is
typically the U S. Forest Service, the Bureau of Land
Managenent, or the U S. Arny Corps of Engineers. The U.S.
Forest Service or Bureau of Land Managenment often take the
role of |lead agency if the project is located primarily upon
| ands that they adm nister; the Corps typically takes the |ead
if either the U S. Forest Service or BLM defers | ead agency
status to the Corps.

B.3.2 Concept Design and Qperating Plan
The next step in the permtting process is for the

proj ect sponsor (in this case the WADC) to devel op a concept
design and operating plan for the project. For Wom ng water
devel opnment projects, this function is typically carried out
by the WADC wi th assistance from consul tants under contract to
t he WADC.
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B.3.3 Environnental Review

The third step in the permtting process is for the
proj ect sponsor to conduct an environnmental review of the
potential environnmental inpacts inplied by the concept design
and operating plan discussed in Section B.3.2 above, in the
case of WADC projects, this environnmental reviewis typically
devel oped by the Wom ng Gane and Fi sh Departnent or
consulting firnms under contract with the WADC, and subm tted
to the WADC for policy review
B.3.4 Prepare Cean Water Act Section 404 Application

The next step in the permtting process is for the
proj ect sponsor to prepare an application to the Corps for a
404 permt and supplenent this application with copies of the
concept design and operating plan and environnental review as
descri bed above.
B. 3.5 Menorandum of Agreenent

Once in receipt of the Section 404 application and
supporting docunentation, the Corps then devel ops a nmenorandum
of agreenent with the | ead federal agency (if different from
the Corps) or cooperating federal agencies concerning the type
of environnental assessnent that is necessary to evaluate the
Section 404 application. Three choices are available to the
federal agencies at this point concerning disposition of the
appl i cations:

* a determnation of no inpact could be reached, and the
permt could be issued without further study; or

e a determnation could be nade that environnmenta
i npacts would be mnor, requiring only a brief
envi ronnent al assessnent (EA) prior to issuing a
permt; or

* a determnation could be made that environnental
i npacts mght be significant enough to warrant a ful
envi ronnment al inpact statenent (EIS) to evaluate the
permt application.

Because of various provisions of the Endangered Species

Act, the National Environnmental Policy Act, and the Cd ean
Wat er Act di scussed previously, nmajor WADC projects are
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subject to the full EIS review process. (An exanple of a WADC
project which required only an environnental assessnent was

t he Lake Adel ai de Rehabilitation Project, which is currently
nearing conpletion in the Big Horn National Forest in northern
Wom ng.)

B.3.6 The Environnental Assessnent Process

Three options exist for the preparation of an
envi ronnment al inpact statenment (or environmental assessnent).
First, the | ead federal agency can take responsibility for
preparing the EI'S; second, the Corps of Engineers can take
responsibility for the EIS, or the EI'S can be prepared by an
i ndependent contractor under so-called "third party
agreenents.” Under third party agreenents the project’'s
sponsor pays for EIS preparation and the consultant is
responsi ble to the Corps of Engineers or |ead agency.

The recent EIS for the Sandstone project in southeastern
Wom ng was prepared under a third party agreenent under which
funding for the EI'S was provi ded by the WADC, but direction
for preparation of the EI'S was provided by the U S. Corps of
Engineers. The EIS for the Deer Creek project, on the other
hand, was prepared by the staff of the U S. Arny Corps of
Engi neers.

The assessnent process itself involves the follow ng
st eps:

1. Conducting a series of scoping neetings by the |ead
federal agency or third party contractor to elicit
public input on the issues and scope of the proposed
El S,

2. Anal yzing inpacts and preparing a draft EIS for
public review,

Soliciting public comments on the draft EIS;

4, Lead agency review of public comrents resulting in a
decision to (a) finalize the EIS wth no changes,
(b) issue a supplenent to the draft EIS, or (c)
prepare a revised draft EI'S based upon public
commrent .
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If either (b) or (c) above is chosen, the first three
steps in the environnmental assessnent process above are
repeated. The draft EISis finalized when all public comrents
W th respect to the docunent have been addressed.

B.3.7 The 404 Deci sion Record

Once the environnental inpact statenent has been
finalized, the Corps nmakes a decision concerning the issuance
of a Section 404 Permt under the Clean Water Act, and nekes a
record of that decision for review by other federal agencies.
Adm ni strative rules and regulations for this decision nmaking
process and the supporting decision record are specified in
the inplenmenting rules and regulations to the C ean Water Act.
These rul es and regul ati ons were one basis for a court
chal | enge by Nebraska over the Corps' issuance of a permt to
the Wom ng Water Devel opnment Conmi ssion to build Deer Creek
Dam and Reservoir.

The decision record for issuance of the 404 Permt is
typically available for review, but is not necessarily
published. It is intended primarily as an internal review
docunent .

B.3.8 Special Use Permts

Once a decision has' been made concerning the Section 404
Permt, the project proponent nmust apply to other federal
agenci es for any needed special use permts if the project
wi |l involve changes in use of federal |and holdings. |If a
project involves Forest Service |lands, a special use permt is
needed; while if the project involves Bureau of Land
Managenent | ands, an easenent is needed before the project can
proceed. Both the Forest Service and Bureau of Land
Managenent can suggest conditions that should be attached to
the Section 404 Permt by the U S. Corps of Engineers prior to
i ssuing permts or easenents.

B.3.9 Environnental Protection Agency Review

Al t hough the U S. Corps of Engineers has the

responsibility for issuing dredge and fill permts under
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Section 404 of the Clean Water Act, the U. S. Environnental
Protection Agency (EPA) has final authority over the
acceptability of such permts and associated conditions. In
exercising its review authority, the EPA usually gets invol ved
in the permtting process after the draft EI'S has been i ssued,
by requesting a "show ng" of the project by the Corps under
Section 404B1 of the Clean Water Act. This "showing" is
typically a long letter prepared by the sponsor describing the
purpose of the project and reviewi ng alternative sources of
wat er that m ght be available for the prescribed purposes.

The "showi ng" serves to determ ne the nost cost effective and
| east environnental |y damagi ng practicable alternative.

In recent years, the EPA has expanded its requirenents
for the "showi ng” to include statenents of purpose and need
for the project. This approach has been adopted by EPA with
respect to Womng's proposed Sandstone project, where the EPA
has rai sed the question of need as it relates to certain
proportions of the planned storage in that reservoir. Wom ng
officials viewthis review of need by EPA as a federal
intrusion into Wonmng's rights when it cones to the
devel opnent of its water resources.

Recently, EPA used its review authority under Section
404 of the Clean Water Act to initiate a veto process over the
proposed Two Forks Dam and Reservoir sout hwest of Denver,
Col or ado.

B.4 UNCERTAI NTY AND THE PERM TTI NG PROCESS

The previous section described general outlines of the
permtting process now required under federal environnental
| aws and regulations to initiate new water devel opnent
projects in the state of Wom ng. That discussion highlights
two ways in which the state's ability to develop its water
resources for its own needs can be thwarted by the permtting
process. First, other states, private parties, or other
proj ect opponents can initiate |awsuits alleging violations of
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the Cean Water Act, the National Environnental Policy Act,

t he Endangered Species Act, and other federal |aws and

regul ations that formthe basis of the permtting process
itself. These lawsuits, even if ultimately unsuccessful, can
del ay project construction for significant periods of tine.
Such del ays can test the resolve of project proponents and
certainly affect project budgets.

The prinme exanple of such delays is Wom ng's proposed
Deer Creek project, in the North Platte drai nage near Casper.
Lawsuits initiated by the state of Nebraska with respect to
that project have del ayed the start of construction by two
years.

The second el enent of uncertainty associated with the
federal permtting process is the anobunt of |atitude that
federal agencies thensel ves have over the permtting process.
Recent decisions by the EPA with respect to the Two Forks
project in Colorado illustrate the amount of latitude that is
apparently avail abl e under federal |law to deny project
construction on environnental grounds. Another exanple is
EPA's position that it can potentially deny construction on
the basis of a lack of imredi ate need for sone of the water to
be devel oped by a particular project. This latter
interpretation of authority by EPA is of great concern to
Wom ng Water Devel opnent officials and the Wom ng Water
Devel opnent Programas it directly inposes EPA into the
deci si onmaki ng process relative to state water planning.

Al t hough the current federal permtting process for
Wom ng water projects |eads to a great deal of uncertainty,
such planning in the future will probably be subject to even
greater uncertainty due to enhanced environnental concerns at
the national level. For exanple, the Bush adm nistration has
voi ced support for a policy that would result in "no net |oss"
in wetlands in the United States. To date, the debate has
centered on a recently executed Menorandum of Agreenent
bet ween the Departnent of the Arny and the EPA that supposedly
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clarifies the procedures to be used in determning the type
and level of mtigation for wetlands necessary to denonstrate
conpliance with the Cean Water Act. Furthernore, federal
wetland legislation is currently under consideration in
various commttees and subcommittees of Congress. Wile such
policy and |l egislation may i ndeed have nobl e objectives, the
| atitude currently allowed to the U S. Corps of Engineers and
EPA to determ ne what constitutes "wetlands" coul d provide
addi tional hurdles to devel opment of Womng's water in the
future.
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APPENDI X C
SURVEY STATI STI CS

C.1 DEMOGRAPHI C ANALYSI S

The survey was mailed to 800 Wom ng househol ds that were
random y selected fromtel ephone listings. O these 800
surveys, 164 were returned as undeliverable. Thus, we can
assunme that 636 househol ds received a survey. The percentage
of undeliverable surveys (20.5 percent) can be attributed to
the followng factors: (1) the tel ephone books used to
gener ate addresses were about one year old, and (2) in 1989
Wom ng | ost a substantial part of its population through
m gration due to the econom c conditions in the state.

The original mailing began on Novenber 18, 1989. Those
househol ds that did not respond were sent a second survey
begi nni ng Decenber 9, 1989. On Decenber 21, a rem nder
postcard was nailed to those households that still had not
responded. Survey responses were cut off as of January 15,
1990, with 345 conpl eted questionnaires returned, which is a
54. 25 percent response rate. This response rate is excellent,
considering the conplexity of the issue and the anmount of tine
it takes to fill out the questionnaire.

The average age of the respondents is 50.71 years; higher
t han one woul d expect for the average Wom ng househol d head.
To test for possible bias due to the age of respondents, the
sanple was divided into two groups: one group contained
respondents 50 years or ol der, and the other group contained
t hose younger than 50 years. Conparing the responses of these
two groups to the questions about the inportance of different
wat er uses (i.e., Question 1) shows, that the younger group
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ranks recreational uses and preservation/conservation higher
than the older group. On the other hand, the ol der group
pl aced a hi gher value on the "traditional" econom c uses of
wat er (see Table C. 1).2%

Seventy-ni ne percent of those individuals responding for
a household were male. The sanme procedure as descri bed above
for different age groups was applied to groups containing nmale
and fermal e responses. The results in Table C 2 show t hat
there are differences in the responses, but no clear pattern
i's visible.

Tables C. 3 through C 10 contain the basic statistic
paraneters for the background vari abl es asked for in the
survey.

C.2 WATER USES AND | SSUES

The first question of the survey asked the respondent to
rate the inportance of different uses for Wom ng's
undevel oped water resources. Between 341 and 331 respondents
answered each of these questions, and valued Il uses according
to their inportance on a scale from5 (very inportant) to |
(not inportant). Table C.Il shows the means and standard
deviations for the answers for different uses.

Simlarly, in Question 2, the respondents were asked to
eval uate four statenents about water policy issues by staling
their level of agreenent to those statenents. Table C 12
shows the statenents, the frequencies of different responses,
and the nedi an responses.

Respondents were asked to rank the four issues given to
themalong with any other issues they thought to be inportant
(see Table C. 13) Twenty-six respondents ranked issues other

*The investigators are aware of the fact that the survey
respondents may not be representative of all Wonmng citizens.
Rat her, those nore know edgeabl e and nore concerned about water
devel opnent issues probably took the initiative to answer the
guestionnaire. Thus, it is assuned that the answers to the
survey are representative of this group of Wom ng residents.
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TABLE C. 1

Most | nportant Water Uses by Respondents' Age G oup

Aver age | nportance
For Respondents

Wth An Age* t-val ue
(Significance
Wat er Use > 50 < 50 Level)

Fut ure Supply 4.29 4. 04 2.35 (.019)
Muni ci pal Use 4. 25 3.89 3.49 (.001)
Irrigation 4. 11 3.78 2.61 (.009)
| ndustrial Use 3.90 3.58 2.38 (.018)
Support Hi gh-

Unenpl oynment Areas 3. 89 3.69 1.63 (.104)
Support My Area 3.87 3.72 1.14 (. 256)
W | d- and- Sceni ¢

Preservation 3.72 4.26 -4.25 (.000)
Hydr oel ectri c Power

CGeneration 3.71 3.13 4.63 (.000)
Preserving Stream

Fi sheri es 3.68 4.19 -4.36 (.000)
Fl ood Contr ol 3.18 2.90 2.10 (.037)
Reservoirs for

Recreation 2.82 3.12 -2.12 (.035)
* 5 = nost inportant

1 = least inportant
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TABLE C. 2

Most | nportant Water Uses by Respondents' Sex

Aver age | nportance
for Respondi ng

Who Are* t-val ue
(Significance

Wat er Use Femal e Mal e Level)
Irrigation 4. 33 3. 48 3.57 (.001)
Fut ure Supply 4.23 4.16 0.55 (.584)
W | d- and- Sceni ¢ 4. 20 3.93 1.79 (.076)

Preservation
Muni ci pal Use 4.03 4.08 -0.38 (.702)
Preserving Stream

Fi sheries 3.97 3.94 0.21 (.833)
Support Hi gh-

Unenpl oynment Areas 3. 96 3.75 1.48 (.140)
Support My Area 3. 96 3.75 1.46 (.147)
I ndustrial Use 3.68 3.75 -0.42 (.676)
Hydr oel ectri c Power

Gener ati on 3. 68 3.34 2.24 (.027)
Fl ood Contr ol 3.28 2. 97 1.85 (.067)
Reservoirs for

Recreation 2.84 3.03 -1.06 (.294)
* 5 = nost inportant

1 = least inportant
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TABLE C. 3

Background Characteristics of Survey Respondents

Statistic _
Range
St andar d
Vari abl e Mean Devi ati on M ni mum Maxi mum
Respondent’ s Age 50. 71 16. 66 0 96
Years of Residency 33. 39 21. 05 1 91
# of People in Household 2.76 1.60 1 9
Years of Schooling 14. 03 3.43 6 20
Days of Fishing on Rivers 5. 66 10. 99 0 90
Days of Fishing in Lakes 4.63 10. 07 0 75
Days of Boati ng 3.19 9. 26 0 90
Days of Water Skiing 1.37 6. 62 0 90
Days of Swi nm ng 1.84 7.09 0 90
Days of Canpi ng 6. 25 10. 82 0 90
Days of Hi ki ng 5.30 17. 25 0 200
Days of Picnicking 3.93 8.77 0 90
Days of White Water Rafting . 38 2. 66 0 32
Days of Hunting 4.70 10. 25 0 100
Days of Hunting Antel ope . 65 2.06 0 20
Days of Hunting Elk 1.32 3.09 0 17
Days of Hunting Birds . 67 2.35 0 20
Days of Hunting Deer 1.59 3.91 0 45
Days of Hunting Mose .12 . 88 0 10
Sel f Eval uation 3. 07 1.12 0 5
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TABLE C. 4

Respondent s’ QCccupati ons

Cccupati on Frequency Per cent
Pr of essi onal s* 155 44.9
Teachers 19 5.6
Craftsnen 6 1.7
Executi ves 2 0.6
Sel f - Enpl oyed 16 4.6
Techni ci ans 4 1.2
Clerical 7 2.0
St udent 6 1.7
Retired 71 20. 6
Housew f e 8 2.3
Far mer / Rancher 30 8.7
M ssi ng 21 6.1

Tot al 345 100.0

This category al so includes those respondents that were not

clearly nenbers of any of the other categories,
appears artificially large as a percentage.
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TABLE C. 5

Respondents ' Sex

Sex Frequency Per cent
Femal e 69 20.0
Mal e 260 75. 4
M ssi ng 16 4.6

Tot al 345 100. 0

TABLE C. 6
Respondents' Place of Birth
Pl ace of Birth Frequency Per cent

Wom ng 133 38.6
Qut-of-State 198 57.3
M ssi ng 14 4.1

Tot al 345 100. 0

TABLE C. 7
Proportion of Respondents Engaging in Fly Fishing

Fl'y Fishing Frequency Per cent
Yes 128 37.1
No 198 57.4
M ssi ng 19 5.5

Tot al s 345 100. 0
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TABLE C. 8

Proportion of Respondents with
Menberships in Water Rel ated Organizations

Organi zati on Frequency Per cent
Irrigation District 41 11. 9%
Qut door Counci | 12 3.5
Audubon Soci ety 10 2.9
Rural Water District 20 5.8
Sierra C ub 10 2.9
Heritage Society 11 3.2

'An unusual |y high percentage of respondents indicated
i nvol venent in these water rel ated organi zati ons and
activities—so high that sonme m sunderstandi ng of the
nature of the question nmust be invol ved.

TABLE C. 9

Respondents' I nvol venent in Water Devel opnment Activities

. 114 respondents (33.0% contributed noney to water
devel opnent rel ated organi zations.?

. 79 respondents (22.9% owned water rights.?

. 31 respondents (9.0% participated in the planning
of state water projects.?

'!An unusual |y high percentage of respondents indicated
i nvol venent in these water rel ated organi zati ons and
activities—so high that sonme m sunderstandi ng of the
nature of the question nmust be invol ved.
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TABLE C. 10

Respondent s’

Househol d | ncones

| ncome Range Frequency Per cent
under $10, 000 27 7.8
$10, 000- $19, 999 44 12. 1
$20, 000- $29, 999 75 21. 7
$30, 000- $39, 000 50 14.5
$40, 000- $49, 000 44 12. 8
$50, 000- $59, 999 33 9.6
$60, 000 or nore 45 13.0

M ssi ng 27 7.8
Total s 345 100.0
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TABLE C. | |

Respondents' Most | nportant Water Uses

Water Use Mean St andard Devi ati on
Future Economc G owth 4. 17 .93
Muni ci pal Use 4. 07 .92
W | d- and- Sceni ¢ Preservation 3.99 1.18
Irrigation 3.97 1.15
Preserving Stream Fi sheri es 3.95 1.06
Al l evi ate Hi gh Unenpl oynent

Areas! 3.80 1. 09
Support My Local Areal 3.80 1.11
I ndustrial Use 3.76 1.19
Hydr oel ectri c Power Generation 3.41 1.18
Fl ood Contr ol 3. 06 1.19
Recreational Activities 2.98 1.28

These two uses were excluded fromthe tabulation in Section

4.0 of the main report for

intended to represent distributional

uses did not have this attri bute.
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Respondent s’

TABLE C. 12

Agreenment and Di sagreenment with \Water

Policy Statenents

Per cent age of Respondents Wo:

Strongly

St at enent Agr ee

Agr ee

Indifferent Disagree

Strongly
Di sagree

Tot al

Wom ng wat er projects

shoul d be built only if
proj ect benefits exceed
proj ect costs.

10. 7%

Wom ng shoul d devel op
its water resources
before other states take
our water, regardl ess of
whet her project benefits
exceed costs.

34.5

Wom ng wat er projects

shoul d be build only if

project benefits wll be

di stributed equitably,

i.e., not confined to

one small area or group

of peopl e. 21.5

Womni ng nust protect sone

of its rivers from dans

and reservoirs to

preserve their wild and

sceni ¢ beauty. 42.1

32. 8%

40.

37.

38.

7

9

2

7.

15.

8.8

16. 1% 33. 0%

7.4%

5.0

4.4

3.8

100. 0%

100.0

100.0

100.0
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TABLE C. 13

Survey Respondents' Ranking of Most
| mportant |ssue Associated with
Bui | di ng Woni ng Water Projects?

Per cent Ranking |ssue as the

Most Second Most Third Mst Fourth Mbst
| ssue | nport ant | nport ant | nport ant | nport ant
W1l the project, increase
Wom ng's "control" over
its water resources? 49. 3 22.1 15.0 8.1
WIIl the project disturb the
bal ance between preservation
and devel opnment of Wom ng's
wat er resources? 19.6 30.1 28. 6 15.1
WIl the project's benefits
be greater than its costs? 13.0 20. 6 27.8 30.6
WIl the project's benefits
be confined to a snall group,
or be distributed wi dely
across the state? 8.7 18.4 21.1 40. 4
O her issues. 9.4 8.8 7.5 5.8
Total s 100. 0% 100. 0% 100. 0% 100. 0%

'Based upon approxi mately 275 respondents to this series of questions.
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than those given by the survey as nost inportant. O those 26
i ssues ranked nore inportant than any of those discussed in
the survey, eight were concerned with conservation or
preservation. The issues nmentioned here were wild and scenic
views (four times), endangered species, soil and water
preservation, and clean drinking water (once each), and one
respondent ranked environnental protection in general as the
nost i1 nportant issue.

Three respondents ranked specific uses as nost inportant.
Agriculture, recreation and tourism and nunicipal use were
mentioned in this category. Two respondents nentioned issues
as nost inportant that are closely related to the question:
shoul d Wom ng secure portions of its water today so it can
use the water in the future? One respondent wanted to nake
sure that Wonmng only lets water flow out-of-state that it
cannot possibly use itself. The other respondent concerned
with this issue wants water to flow out-of-state when it can
provi de greater benefits to nore Anericans downstream

For two ot her respondents the nost inportant issue was if
the project would be necessary or needed, w thout being nore
speci fic about what they nean by that. The remaining 11
i ssues that were ranked as nost inportant can't be
categorized. The following is a list of issues nentioned only
by one respondent each:

. will the project have benefits for sure;

. benefits for Indians who have not benefited from
previ ous projects;

. does the project fit into a |ong-range plan;

. does the project have an econom c inpact on the
st at e;

. don't build projects, just because influential
| egi sl ators want that;

. wat er should not be sold to foreigners, |ike
Japanese;

. provi de and secure reserves for tinmes of drought;

. don't build projects just to use up noney;
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. spend the noney currently used for water devel opnent
for other things, |like education or raising the
DPASS st andard ;

. protect and preserve existing water rights; and

. save water in reservoirs.

C.3 DI SCRI M NANT ANALYSI S

D scrimnant analysis was used to identify the
denogr aphi c variables that are inportant to distinguish anong
the responses to the questions about the nobst inportant issue.
The concept underlying discrimnant analysis is to formlinear
conbi nati ons of the denographic variables that serve as a
basis for distinction between the responses to the nost-

i nportant-issue question. Such a linear discrimnant equation
takes the formD = Bg+ B Xy + . . . + BWXn
wher e: Xi is the value of the ith variabl e,

Bi is the coefficient for the ith variable, and

D is the discrimnant score.

The coefficients were determ ned so that the resulting
equation best explains differences in responses to the
guestion about the nost inportant project evaluation issue.

In identifying the nost inportant denographic variables, the
coefficients thensel ves are inportant. To allow conparison of
different variables, standardized coefficients are cal cul ated
for the val ues of the denographic variabl es being standardized
to a nmean of 0 and a standard deviation of 1. These
standardi zed coefficients reflect the inportance of the

vari abl es associated with themfor the distinction between the
answer to the nost-inportant-issue question.

Ei ghteen variables were found to be inportant. Table
C. 13 shows these variables and the associated WIk's Lanbda.
These neasure the proportion of the total variance in the
di scrim nant scores not explained by differences anong groups.
Usi ng the 18 denographic variables in Table C 14 to "predict”
responses to the question about the nost inportant issue
yi el ds a success rate of 43.11 percent. This neans that each
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respondents' choice for the nost inportant issue can be

predi cted about 43.11 percent of the tinme by using

di scrimnant analysis with the 18 sel ected denographic

vari ables. Wthout the denographic information, the expected
success rate would be 25 percent (assum ng four issues).

C. 4 QUESTI ONNAI RE SAMPLE
A sanpl e copy of the questionnaire foll ows Table C. 14.
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TABLE C. 14

Summary of Discrimnant Anal ysis

Vari abl e

W k’'s Lanbdal

Sel f Eval uation

Menmber ship i n Qutdoor Counci
Years of Schooling

Contri buted Money to Organi zation
Menbership in Irrigation District
Days of Hi king

Days of Hunting Birds

Nunber of People in Household
Respondent’ s Age

Menmbership in Rural Water District
Respondent’ s Sex

Recei ved Benefits

Menbership in Heritage Society
Days of Hunting El k

Participated in Planning
Menber shi p i n Audobon Soci ety
Menbership in Sierra Cub

Fl'y Fishing

. 84960
. 73007
. 69641
. 66924
. 64098
. 61577
. 59578
. 97673
. 55834
. 53957
. 52126
. 50396
. 48942
. 47659
. 46525
. 45311
. 44253
. 43288

The W1k's Landas neasure the proportion of the total
variance in the discrimnant scores note explained by

di ff erences anong groups.
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WYOM NG S WATER RESQURCES:

A CITIZEN S VI EW

A Statew de Survey of an
I mportant |ssue Facing

Woning Gtizens

Thi s questionnaire shoul d
be conpl eted by one of the
princi pal wage-earners
in your househol d.

West ern Research Corporation
512 University Avenue
Laram e, Woning 82070
(307) 742- 8295
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WYOM NG S WATER RESOORCES: A CITIZEN S VI EW
HELLO

This is a survey of the preferences and priorities of
Woming citizens concerning Woning's Wter Devel opnent
Program The survey consists of only a few questions, but to
be able to respond you need to read the foll ow ng background
informati on.

BACKGROUND | NFCRVATI ON

The Woni ng Legi sl ature established the Wom ng Wt er
Devel opnent Programin 1979. The purpose of the programis
To

"...foster, pronote and encourage the
opti mal devel opment of the state's hunman

industrial, mneral, agricultural, water

and recreational resources...." Woni ng

Statutes, Sec. 41-2-112 (Supp., 1986)

The programis adm nistered by the Wom ng Water Devel opnent
Commi ssion (WADC) and is funded by mineral severance taxes

The Woni ng Water Devel opment Program al | ows groups of
Wom ng citizens (called project sponsors) to propose various
types of water projects to the WADC Exanpl es of such
projects include new dans and reservoirs for irrigation water
and recreation, ground water wells for rmunicipal water, and
the rehabilitation of existing water supply systens. The
WADC studies proposed projects and recommends certain
projects to the Wom ng Legislature for further study and
possi bl e construction fundi ng

Several Womi ng water projects have been built under
this program over the past 10 years. Because of limted
wat er devel opnent funds, however, not all proposed projects
can be built. As a result, the WADC nust attenpt to choose
the best projects to recommend to the |egislature. The
purpose of this survey is to hel p determ ne what the best
water projects are from the perspective of Woning' s
citizens. This question involves two significant issues

1. What are the best uses for Womng's undevel oped
wat er resources?

2. What evaluation criteria should be used to eval uate
speci fic water projects?

This brief survey deals prinmarily with these two inportant
| ssues.
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WYOM NG S WATER RESOURCES: A CITIZEN S VI EW
PART | - WATER USES

1. First, we would like to know what the best uses are for
Wom ng' s undevel oped water resources. Pl ease Cl RCLE the
nunber from1 (not inportant), to 5 (very inportant) which
best describes how i nportant each of the follow ng uses is
to you. Use the space provided to add any additional water
uses you think are inportant.

Very Not
| mpor t ant | mpor t ant

(a) additional irrigation 5 4 3 2 1
water for Womning' s
farmers and ranchers.

(b) new reservoirs for 5 4 3 2 1
fishing, boating, and
ot her recreational
activities.

(c) addi tional nmunici pal 5 4 3 2 1
water for Woning' s
cities and towns.

(d) addi tional industrial 5 4 3 2 1
water to attract new
conpani es to Wonm ng.

(e) more flood control 5 4 3 2 1
protection for
Wom ng’ s cities,
towns, and rural areas.

(f) preserving i nstream 5 4 3 2 1
flows for the fisheries
in Wonmng s rivers
and streans.

(9) addi tional hydroel ec- 5 4 3 2 1
tric power for
Wom ng’ s cities,
towns, and rural
ar eas.

(h) devel opi ng adequat e 5 4 3 2 1
wat er for future
econom ¢ grow h.

(i) preserving wld and 5 4 3 2 1
sceni ¢ rivers and
streans in their
natural state.
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WYOM NG S WATER RESCURCES: A CITIZEN S VI EW

Very Not
| npor t ant | npor t ant
(j) provi di ng new econoni ¢ 5 4 3 2 1
opportunities in areas
of the state with high
unenpl oyment
(k) provi di ng new econom ¢ 5 4 3 2 1
opportunities in your
| ocal area
(1) ot her 5 4 3 2 1
(m ot her 5 4 3 2 1

(n) ot her 5 4 3 2 1

Pl ease write on the back page if you need additional space

PART 2 — EVALUATI ON CRI TERI A

We would like to know how strongly you feel about ways
of evaluating Woning water projects (“picking the best
projects”). To assist you in answering these questions
pl ease carefullyread and consider the follow ng four defin-
itions

DEFINITION 1 — Project benefits and costs: Wat are they?

Water project benefits include the incomes and economc
opportunities which result when additional water supplies
are nmade available in Wom ng for

agricul tural uses
muni ci pal uses
industrial uses
recreation

hydroel ectric power
flood contro

L
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WYOM NG S WATER RESOURCES: A CITIZEN S VIEW

Proj ect costs include:

* costs of constructing dans or other water rel ated
facilities
* operation and mai ntenance costs
* any environnmental damage associated wth the
proj ect
The Point:

Some individuals believe that expected project benefits
shoul d al ways exceed project costs if a water project is to
be built. OGhers disagree. One reason for this disagreenent
is that certain project attributes are difficult to express
in benefit-cost terms (see definitions 2, 3, and 4).

DEFINITION 2 — Control of Woming' s Water Resources: Wiat is
the |ssue?

Wom ng now has nore water than it can use in many parts of
the state, but may need this extra water in the future. | f
wat er becones scarce in the future, however, other states nay
try to keep Womng from developing and using this extra
water. If Wonming waits too long to develop this water, other
states may try to block Wom ng’s water devel opnent plans by
initiating lawsuits and/or by intervening in the federal
environnmental permtting process for dans and reservoirs.

The Poi nt:

Wom ng could enhance its control over its water resources by
building certain water projects now, even though benefits
m ght be less than costs (Definition 1). Individuals differ
as to whether Wom ng should take such neasures now to pro-
tect its water resources for the future.
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WYOM NG S WATER RESCURCES: A CITIZEN S VI EW

DEFI NI TION 3 — Distribution of project benefits

The distribution of project benefits can vary wi dely depend-
ing upon the location and the nature of a water project. For
exanple, a reservoir designed to provide irrigation water to
a fewranchers in a renote part of Womng may benefit rel a-
tively few individuals. On the other hand, a reservoir
designed to provide irrigation water, hydroelectric power,
and water based recreation near a |large comunity may benefit
many Wom ng residents.

The Poi nt:

If Womng does not carefully evaluate the |location and
nature of future water projects, benefits may not be
distributed in an “equitable” manner. That is, citizens who
pay the costs for water devel opnent may not receive the bene-
fits. Individuals differ as to how inportant the equitable
distribution of benefits is with respect to the Wom ng Water
Devel opnent Program

DEFINITION 4 — Preservation and devel opnent: What are the
concepts?

Preservation neans | eaving certain Woning rivers and streans
in their natural state, wunaltered by nman's activities.
Devel opnent neans altering the river or streamthrough ac-
tivities such as danms and reservoirs.

The Poi nt:

As Wom ng develops its water resources, there may be fewer
rivers and streams that remain in their “wld and scenic”
state. Meanwhi | e, the number of rivers and streans that are
devel oped will become greater. Individuals in the State
differ as to the appropriate bal ance between the preservation
and devel opnent of Woning's water resources.
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WYOM NG S WATER RESOURCES: A CITIZEN S VI EW

2. Wth the above definitions in mnd, please consider each
of the follow ng statements separately, and indicate whether
you strongly agree, agree, don't know, disagree, or strongly
di sagree with each statement. (Please circle the appropriate
code.)

Strongly Indif- Strongly
St at enment Agree Agree ferent Disagree D sagree

(a) Wonming water projects
shoul d be built only if
project benefits exceed
proj ects costs. SA A D SD

(b) Wonming should develop
its wat er resour ces
before other states take
our water, regardless of
whet her project benefits
exceed costs. SA A D Sb

(c) Wonming water projects
should be built only if
project benefits will be
di stributed equi tably,
i.e. not confined to one
small area or group of
peopl e. SA A D SD

(d) Wom ng nmust protect sone
of its rivers form dans
and reservoirs to pre-
serve their wld and
sceni ¢ beauty. SA A D Sb
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WYOM NG S WATER RESCURCES: A CITIZEN S VI EW

3. The criteria described above can be used to deci de which
Wom ng water projects should be built and which shoul d not
these criteria can be summari zed as follows for one specific
wat er proj ect

| ssue Description
a. WIl the water project’s benefits be greater

than its costs?

b. WIl the water project increase Womng' s
“control” over its water resources?

C. W11l the project disturb the bal ance between
preservation and devel opnent of Woning' s
wat er resources?

d. Wl the project’s benefits be confined to a
smal | group, or be distributed wi dely across
the state?

Do you believe that there are other issues (not mentioned in
a through d above) that should be considered in deciding
whet her or not to build a Woning water project?

YES NO

4. 1f your answer to Question 3 is YES, what are these other
i ssues?

| ssue Description
e
f
g
h

Pl ease feel free to wite on the back page if you need nore
space
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WYOM NG S WATER RESOURCES: A CITIZEN S VI EW

5. Please reviewissues (a), (b), (c), and (d) in Question 3,
along with any additional issues you defined in Question 4.
in your opinion, which of these issues are the nost inportant
and least inportant in deciding whether or not to build a
Wom ng wat er project?

MOST | MPORTANT | SSUE

NEXT MOST | MPORTANT | SSUE

NEXT MOST | MPORTANT | SSUE

NEXT MOST | MPORTANT | SSUE

NEXT MOST | MPORTANT | SSUE

NEXT MOST | MPORTANT | SSUE

NEXT MOST | MPORTANT | SSUE

LEAST | MPORTANT | SSUE

Pl ease check to see that you have ranked all of the issues,
i ncludi ng yours.

PART 3 — | NFORVATI ON REGARDI NG YOU AND YOUR FAM LY

Thank you for your views on the above issues. To
conpl etely understand your preferences, we need sone
addi ti onal information. Thi s information will be

confidential and analyzed in a manner in which it will be
inmpossible to identify you or your househol d.

6. Cccupation You Your Spouse

7. Age You Your Spouse

8. Sex You Your Spouse

9. Born in Woning You Your Spouse
Yes No Yes No
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10. Nunber of years you
have been a resident You Your Spouse

11. Nunber of people living in your household

12. Your educational background

You Your Spouse
El erent ary school El ement ary schoo

H gh school graduate
Some col | ege
Bachel or’ s degree

G aduate work
Advanced degree

H gh school graduate
Some col | ege
Bachel or’ s degree

G aduate work
Advanced degree

13. How nmny days of recreational activities have you and
your spouse engaged in during the past 12 nonths? (Pl ease
estimate the nunber of days for each activity bel ow):

You Your Spouse
Fi shing on rivers Fi shing on rivers

and streans
Lake or reservoir

and streans
Lake or reservoir

fishing fishing

Recr eati onal boating Recr eati onal boating
on | akes or on | akes or
reservoirs reservoirs

Wat er skiing on Wat er skiing on

| akes or reservoirs
Swimmng in | akes
or reservoirs

| akes or reservoirs
Swi mming in | akes
or reservoirs

Canpi ng Canpi ng
Hi ki ng Hi ki ng
Pi cni cki ng Pi cni cki ng
VWiite water rafting VWiite water rafting
Hunti ng Hunti ng
Ant el ope Ant el ope
El k El k
Bi rds Bi rds
Deer Deer
Mbose Mbose
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WYOM NG S WATER RESOURCES: A CITIZEN S VI EW

14. Do you fly fish? You Your Spouse

Yes No Yes No
15. Do you or your spouse belong to any organizations that
are active in water-related issues (either national or
st at ewi de) ?

Exanpl es m ght be:
Pl ease check
if you bel ong

A Irrigation districts

B. Qutdoor Council

C.  Audubon Soci ety

D. Rural water districts
E. Sierra Cub

F. Heritage Society

G Oher (please provide the nane)

16. Have you or your spouse ever contributed npney to any of
t hese organi zati ons?

Yes No

17. Do you own or |ease water rights in Wom ng?

Yes No

18. Have you or your spouse participated in any way in the
pl anni ng of a state funded water project?

Yes No
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19. Have you received benefits (to your know edge) froma
state funded water project?
Yes No

If yes, which project(s)?

20. Consider a scale of (1) to (5) where (1) represents a
“devel oper” (i.e., develop as nmuch as possible) of Womning' s
water and (5) represents a preservationist (i.e., |eave
Womng’s water resources in their natural state as much as
possi bl e)

How woul d you rank yourself (circle one)
“Devel oper” “Preservationist”

1 2 3 4 5

21. Approximate conbi ned annual gross incone of all menbers
in the househol d (check 1)

under $10, 000

$10, 000- $19, 999
$20, 000- $29, 999
$30, 000- $39, 999
$40, 000- $49, 999
$50, 000- $59, 999
$60, 000- $69, 999

Addi ti onal comments?

THANK YOU VERY MJUCH FOR YOUR HELP. PLEASE USE THE ENCLOSED
POSTAGE PAI D ENVELOPE TO MAI L YOUR RESPONSE
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APPENDI X D

A DI GRESSI ON:  AUGVENTI NG A REG ON' S WATER SUPPLI ES,
TRANSFERS, | NCREASED EFFI CI ENCI ES, AND MARKETS

D.1 | NTRODUCTI ON
As Wom ng proceeds in the devel opnent of state-w de

wat er pl ans, scenarios of future water demands in Wom ng's

vari ous water basins will alnost certainly reveal m xed
patterns of water-surplus and water-deficit basins. Inits
search for sources of water supplies, Wom ng wi |l undoubtedly

wi sh to consider possible interbasin transfers of water,

i ntrabasin changes in patterns of water use, the devel opnent
of groundwater, and "markets."” Wile these issues take us
afield fromthe principle thrust of this report, they are
topics which ultinmately will have to be dealt wth.

In many ways, assessnents of projects involving
interbasin water transfers, intrabasin changes in use, and/or
groundwat er devel opnent follow the sanme principles outlined in
ot her sections of this report for water project assessnents.
There are, however, a nunber of assessnent issues which are
peculiar to projects of this nature, and involve
consi derations not encountered in other water devel opnent
projects. The purpose of this appendix is to consider this
set of issues. Thus, in Section D.2 we consider the
i nterbasin water transfer; groundwater devel opnent is
di scussed in Section D. 3.

The issue will generally arise as to the desirability of
al lowing greater reliance on water nmarkets as a neans for
pronoting decentralized transfers of water fromlow to higher

val ued uses. Wth the recognition of the contenporary
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interest in water nmarkets in western states, this topic is

di scussed in Section D.4.

D. 2 | NTERBASI N TRANSFERS OF WATER

A |l arge part of the process of assessing benefits and
costs associated with interbasin water transfers woul d be
gui ded by the principles developed in other chapters of this
report. There are three aspects of such projects, however,
whi ch introduce anal ytical problens not typically encountered
in other water reclamation projects: (1) the potenti al
"rescue operation" and it's inplications, (2) a w der range of
opportunity costs than those commonly encountered in water
projects, and (3) timng issues, particularly relevant for
interbasin water transfers intended to reduce or elimnate the
m ni ng of groundwater stocks.

The notivation for a state's interest in a transfer
project has been related to what is referred to as a "rescue

operation” and is defined as foll ows:

The situation envisioned here is a fairly large
region that is al nmost wholly dependent on irrigated
agriculture and agricultural processing industries.
The physical capital structures of agriculture,

rel ated business activities, and social overhead
have been established. The region is faced with the
| oss of sone or all of its irrigation water, either
because groundwater tables are falling or because of
water rights adjudications . . .. Making new
supplies available to such regions nay be terned a
'rescue operation' (Howe and Easter [1971], p. 28).

Rel atively recent exanples of proposed transfer projects
designed as a rescue operation are seen in the Central Arizona
Project inthe US. (Kelso et al. [1973]), and in Mexico's
Nort hwest Project (PHLING see Cunmings [1974]). At this tine
the need for rescue operations is hard to inagine in Won ng.
However, potentially extrene devel opnents regarding the North
Platte mght well lead to the long termneed for a "rescue

operati on.
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In instances where interbasin water transfers are
intended to rescue established | ocal/regional econonies
t hreatened with di m ni shed water supplies, one has introduced
into the benefit-cost study a key el enment peculiar to the

rescue operat i on:

The key elenent in the evaluation of interbasin
water transfers as rescue operations is the

i Mmobility of production factors. Labor and capita
[social and private infrastructure that is already
in place] nay be inmpbile over |ong periods in sone
irrigation areas, and net benefits attributable to a
water transfer are the incomes that accrue to these
ot herwi se nonproductive resources" (Cunmi ngs [1974],
p. 4; see also Howe and Easter [1971], pp. 28-30).

Thus, in assessing the benefits associated with an
interbasin water transfer of a rescue operation, the follow ng
two-step process is required for calculating incomes/returns
associated with otherw se displaced, inmobile factors of

producti on.

1. | mobi |l e | abor and capital resources in inporting
must be identified as resources which will becone
unenpl oyed or idle in the absence of the proposed
transfer. Mst inportantly, the length of tine over
whi ch these resources will remain i mobile must be
estimated (for exanples, see Howe and Easter [1971];
Kel so et al. [1973]; and Cunmings, [1974]).

2. Val ues (incomes to | abor resources, returns to
capital) are then assigned to all immobile factors
over the time during which they renmain i mobile, and
t he di scounted sum of these values are included as
benefits to the proposed water transfer.

There is a flip-side to the benefits associated with the
mai nt ai ned enpl oynment of imobile resources in the inporting
basin: the opportunity cost to factors of production in the
exporting basin. There are few instances, where one finds
wat er supplies for an interbasin transfer which could not be
put to productive use in the exporting basin—either present
uses or potential future uses. Values associated wth any use
of water in the exporting basin which would be foregone as a
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result of the water transfer nust be included as a cost to the
proj ect.

The key consideration in estimating these costs is the
imobility of resources. Thus, for potential future uses of
water in the exporting basin, at issue is the extent to which
| and, | abor, or capital is denied enploynent as a result of
the water transfer having alternative enpl oynent opportunities
el sewhere in the state. Land in the exporting area is
obvi ously immobil e, and val ues associated with
wel | -established future uses of this resource will generally
be included as a project cost. To the extent that excess
capacity in private and/or social infrastructure has been put
in place in anticipation of future expansions which would be
af fected by the proposed transfer, opportunity costs rel evant
for project costs will exist.

An anal ytical problem arises where planned future | and
val ues in the exporting region are predicated on expected
expansions in infrastructure. The otherw se nobile factor
"capital" may, in sone instances, require treatnent as if it
wer e i nmobil e.

Anot her anal ytical issue, unique to the interbasin water
transfer, arises in cases where the primry purpose of the
proposed transfer is to replace groundwater use. Thus, in
agricultural areas dependant upon groundwater, |long-term
m ning of the aquifer (annual punping at rates which exceed
recharge of the aquifer) results in falling water tables,
ri sing punping costs, aquifer contamnation (in areas with
| ayered aquifers, with contamnated | ayers, or in costal
aqui fers which can experience the intrusion of sea water),
and, eventually, the depletion of groundwater supplies (see
Kel so et al. [1973],' and Cumm ngs [1971]). Water inported via
the interbasin transfer is then used to displace groundwater
use.

All else equal, the benefits and costs associated with
the interbasin water transfer would be straightforward.
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Agricultural -rel ated benefits and costs woul d be cal cul at ed
and conpared with project costs. Qpportunity costs to the
exporting basin, and val ues associated wth otherw se

di spl aced, immobile factors of production in the inporting
basi n woul d be consi dered.

In closing our discussions of the interbasin water
transfer, we should at | east coment on the enotional climte
which typically exists in regions which are considering water
transfers. Wen the people of the exporting and the inporting
region are convinced that their water supplies are threatened,
econom ¢ assessnents which attenpt to objectively neasure
benefits and costs are nost likely to be greeted with
considerable hostility. Thus, our coments concerning the
limtations of benefit-cost neasures of water devel opnent
projects may be of particular relevance in the assessnent of
i nterbasin water transfers.

D.3 GROUNDWATER DEVELOPMENT

In the past, econom c anal yses were rarely used in
eval uating whether efforts to open and/or expand groundwater
devel opment. Econom sts becane involved in groundwater issues
only after the problens associated wth groundwater use arose.
Presently, econom sts have had a great deal of experience with
t he ki nds of problens associated with groundwat er devel opnent
whi ch can arise after a nunber of years. Such problens can
now be antici pated, and econom ¢ anal yses can then provide
data and information of direct relevance to alternative
groundwat er devel opnent.

Assessnent and policy issues which are particular to
groundwat er devel opnent fall into two major categories which
reflect the physical and political characteristics of
aqui fers: closed aquifers; and open, or tributary, aquifers.
D.3.1 dosed Aquifers
Cl osed aquifers are groundwater formations which are not
| i nked, or associated, wth streans, rivers, or other
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aqui fers. They can sinplistically be viewed as a bathtub (or,
as Beatie [1981] would argue, an egg carton) full of water.
Recharge to the aquifer, fromrainfall at the surface and
return flows fromirrigation, is typically very small relative
to the anount of water which would be extracted for irrigation
purposes. Thus, there is essentially a fixed, and
non-renewabl e, supply of water available for use. This raises
several issues.

First, is the fact that estimates for benefits and costs
associ ated with aquifer devel opnent nust reflect the fact that
punpi ng costs will increase as water tables are drawn down.
Secondly, but related to increased punping costs, the anal yst
faces the question: Wat |evel of devel opnment shoul d be
al l owed? This question is tantanount to the question as to
what useful, economic life of the aquifer should be
establi shed. Thus, once groundwater devel opnent has been
initiated, a major policy concern (vis-a-vis the issuance of
further rights to punp) nust be that of protecting existing
rights. For instance, Wom ng m ght decide water rights
shoul d be protected by allowi ng only one punper. This would
extend the life of the aquifer as the exhaustion of water
supplies woul d be pushed far into the future. However, if
Wom ng places a high value on the generation of incones in
the near term an unlimted nunber of punpers m ght be all owed
to take water fromthe aquifer. Each punper's "rights" are
then limted to the anount of water that he/she can take from
the aquifer before the supply of water is exhausted (Cumm ngs
[1969]). The exhaustion of water would then occur in a
relatively short tine.

Exanpl es of the extrenes exist in several of Wonmng's
sister states. New Mexico has severely Iimted the expansion
of punping with adm nistrative rules based on a pl anned
aquifer "life" of 50 to 100 years. |In western Col orado,
limts to groundwater devel opnent were based upon a nuch
shorter, 25 year expected aquifer life.
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At issue here is the notion that Wonmng's interests may
not be best served by groundwater devel opnent and managenent
policies at either end of this nmanagenent spectrum That is,
Wom ng may well wish to attenpt to identify the hydrol ogi cal
and soci oecononmic trade-offs relevant for policies which would
be consistent with devel opnment strategi es between these
extrenes. The assessnent process would involve the foll ow ng:

1. identify social and economic criteria relevant to the

state in present and future years (as exanpl es,

i ncones, health/safety, environnental considerations,
providing for future generations, etc.).

2. for each groundwater basin, conduct hydrol ogi cal
studies required to determni ne key aquifer paraneters:
specific yield characteristics; recoverabl e storage;
the identification of any perverse geocheni cal
characteristics;

3. conduct trade-off analyses to identify desireable
time horizons for aquifer exhaustion.

A final consideration relevant for the closed aquifer
relates to our discussions of "rescue operations” wthin the
context of interbasin water transfers. G ven that groundwater
devel opnent serves to support the growth of an extensive
econony in an area, such growh will be acconpanied by | arge
i nvestnments of state funds for social infrastructure (streets,
roads, schools, utilities, etc.), as well as private
infrastructure). The social costs and distortions associ ated
with a later decline in the area's econony, which nust
i nevitably attend the exhaustion of the groundwater supplies,
can be substantial. As the aquifer nears exhaustion, strong
pressures will exist for the "rescue" offered by the
interbasin water transfer.

D.3.2 The Tributary Aquifer

The tributary aquifer is one which is directly related to
streans and rivers in that it receives recharge from and
recharges to, the river (DuMars et al. [1986]). The key
feature of the tributary aquifer as it is relevant for the
assessnent process is that, regardl ess of the anount of water
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in storage, each acre foot of water punped fromthe aquifer
will eventually reduce streanflowin the river to which it is
tributary by an acre foot (Brown et al. [1989]). The length
of tinme between punping and reduced river flows can be quite

| ong, and depends upon such things as aquifer characteristics
and the proximty of punping to the river. But whether within
ten or fifty years, groundwater withdrawals wll ultimtely be
reflected in reduced stream fl ows.

The tributary aquifer represents a planning dilemma. The
val ue of water stored in the aquifer derives fromputting such
water to use. Such economc activity may extend over a period
of 50 or nore years before river flows begin to be affected.
Eventual ly, declines in economc activity based on the direct
use of surface water will offset the gains achieved through
groundwat er devel opnent. Punpers are effectively punping from
the river. Thus, the trade-off facing the analyst is an
extended period of significantly enhanced economic activity in
an area, and the later (often, nmuch | ater) econom c decline
and the | egal norass of problens related to the infringenent
on surface users water rights by punpers. 3
D.3.3 Intrabasin Changes in Water Use

Two i ssues nust be confronted in any consideration of
pl ans and prograns to pronote intrabasin changes in water use.
The first, centers on the nechanisns to be used for

30 Probl enms which may arise when the tributary aquifer
extends over two or nore states are described in (Burke et al.
[1984]). The problenms which the state can encounter if it fails
to consider the dimnished flow effects on streans are seen in
the litigation between the states of Texas and New Mexico. New
Mexi co allowed extensive developnment of water wuse from
groundwater in the Pecos R ver basin, beginning sone 60 or 70
years ago. As has been determ ned by the Suprene Court, New
Mexico's punping from the tributary aquifer has reduced
streanflows in the Pecos river by sonme 10,000 acre feet per
year. The result is New Mexico's debt to Texas of about 300, 000
acre feet of water, to conpensate the state of Texas for
shortages in New Mexico's conpact deliveries of water to Texas
over the last 30 years.
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facilitating such transfers in water rights. Wen all waters
of an area are appropriated, property rights of one formor
anot her are, of course, vested in the current users of water.
Omers of water rights will then require conpensation for any
rights which are to be transferred to other users.

A second issue concerns water stored in federal projects.
By federal statute, "appurtenance requirenents” apply to water
in nost federal projects; i.e., such waters cannot be
transferred for uses in areas or on | ands which are not
appurtenant to those in established irrigation districts. The
result is described by DuMars and ElIl is as a "two-tiered”
wat er market (DuMars and Ellis [1978]); non-federal water is
traded in a relatively open, state-w de nmarket; federal water
can be traded only within the boundaries of established
irrigation districts.3 This then suggests that Woning nay
wi sh to consider the advisability of |ooking to changes in
federal | aw concerni ng appurtenance requirenents inposed on
federal water projects. Absent such requirenents, substanti al
gquantities of water, now used in many instances for very | ow
val ued crops, could becone available for other uses in the
state's water basins.

The renoval of appurtenance requirenents woul d not
necessarily be a panacea for Wom ng's future water problens.
First, the renoval of appurtenance requirenents from federal
project water would have the effect of substantially
i ncreasing the anount of water available for transfer in many
areas, which could result in severe depressions in the prices
for water rights. Individuals who had earlier purchased |and
with water rights would have paid | and prices which included
the capitalized value of included water rights. Wth sharp

3As  an exanple, non-federal water in the state of New
Mexi co trades at prices between $1,500 and $10, 000 per acre
foot, while, wthin the federally-established El ephant Butte
Irrigation District, water can be exchanged between farners at
prices rangi ng between $200 and $500 per acre foot.
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drops in the value of water, the value of their property would
decline proportionally. Secondly, and related to our earlier
di scussions of interstate conpetition for water, the "new'
availability of large supplies of water, resulting fromthe
renmoval of appurtenance requirenents, could draw strong
interest by Womng's sister states in Won ng's expanded
"weal t h" of water resources.
D.3.4 Pronoting Water Markets As a Means for Achieving Mre
Efficient Patterns of Water Use

If well functioning (perfectly conpetitive) markets for
water rights existed, it could be argued that the state would
have few problens in terns of allocations of water between | ow
and high valued uses, or in interbasin inequities of water
supplies (Anderson [1983, 1985]). Prices for water would be
determ ned by the forces of demand and supply, and water would
be allocated across the state in the nost efficient manner:
wat er would flow "uphill" to dollars. Thus, an issue which
will surely gain increasing attention in Wom ng in upcom ng
years concerns greater reliance on markets as a neans for
pronoting greater efficiency in Womng's water use.

There are many aspects of water markets which have
consi der abl e appeal such as water allocations being
decentralized. However, a nunber of pitfalls are potentially
associated wth reliance on markets to achieve state goals
related to water use. These pitfalls include: (1) the
absence of basic prerequisites for a functioning market in
water rights, (2) the existence of externalities, and (3)
potential conflicts with the state's position vis-a-vis
commerce clause litigations.

Basic to the conpetitive market paradigmis the existence
of the following conditions: (1) there are many buyers and
sellers (under certain conditions); (2) there exists perfect
information; (3) the resource to be traded is perfectly, and
costlessly, nobile; and (4) property rights to the resource
are well defined. The |esser the extent to which these
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conditions exist, the less effective will be water markets,
and less likely is the possibility that the state m ght
achieve it's goals for water reallocations via the market
mechani sm

In what follows, we comrent on the existence of these
conditions in Wom ng, or, indeed, in any western state.

The need for many buyers and sellers for a well
functioning market is obvious. The nore individuals there are
on each side of the market, the |ess narket power any one
individual will have. However, few areas in the west exist
where such conditions hold, particularly in ternms of many
buyers. G ow ng demands for water are typically found in a
city or netropolitan area. Cenerally, then, the city wll be
the principal, if not sole, buyer for water rights in a water
basin. Exanples in this regard are seen in Col orado (Denver),
New Mexi co (Al buquerque), and Arizona (Phoeni x and Tucson). A
nove to greater reliance on markets under conditions where one
or a few urban entities can effectively set the price for
wat er can then have effects which are contrary to those sought
by the water planning agency.

It is typically the case in western states that
institutions do not exist which makes readily available to al
potential buyers and sellers of water rights the conditions of
all offers to buy and sell. This problemcould be elimnated
by Wom ng rel atively easy, however, by the establishnment of a
cl earinghouse for all offers to buy and/or sell rights within
the state.

The "perfect nobility" condition relates to the need for
a mnimum of inpedinents to trades between individuals for
markets to operate effectively. Litigation and hearings costs
associated with third party chall enges to proposed water
rights transfers would seemto i npose a substantial inpedi nent
to such transfers in nost western states (Farrah [1989]). The
effects of such chall enges has been not only to inpose |arge
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costs on water transfers, but also to increase the
uncertainties surroundi ng successful water sales.

Rel ated to the litigation costs associated with the
nmobility assunption of the conpetitive paradigm the extent to
which there exists "well established" property rights for
wat er resources is questionable. This follows fromthe
confusion which exists in many areas between rights based on
diversion and rights to consunptive use. Recent court cases
have held that rights holders may sell only that part of their
water right which is consuned. Litigation costs, therefore,
are required to establish an individual's sal eabl e water
right. The result is further inpedinents to well functioning
mar ket s.

The point of these discussions, of course, is that the
one cannot assunme out of hand that water markets w |l work
effectively in the state. One nust focus on the inplications
of the divergence between conditions required for well
functioni ng markets and those which actually exist in the
state for markets to achi eve the ends sought.
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APPENDI X E

LEGAL AND | NSTI TUTI ONAL ASPECTS RELEVANT FOR
MULTI PLE OBJECTI VE PLANNI NG

E.1 | NTRODUCTI ON

I n Appendi x B we exam ned the present structure of
federal |aws and regul ations which are relevant for Wom ng's
constructi on and managenent of water resources. In this
section, we consider the legal environnment relevant for water
resources planning in the state. An inportant objective for
the state nust be the protection and conservation of its water
resources base. As denonstrated, in Appendix A the grow ng
scarcity of water resources in Wonng's sister states w ||
surely create incentives for challenging future plans by
Wom ng to devel op water resources. An understandi ng of the
positions taken by courts in resolving interstate conflicts
over water then adds two inportant dinensions:

1. the evolution of court decisions concerning state's
devel opnment, managenent, and regul ation of its water
resources may define an inportant "benefit"
associated wth alternative water devel opnent pl ans,
viz., the wvulnerability of unappropriated or
undevel oped waters in various basins; and

2. the areas of water |aw which nust be continually
tracked if the state's MOP process is to be
responsive to inportant changes in the environnent
for water planning.

This appendix is organized in the follow ng manner.
Section E.2 offers a brief historical sketch of the sequence
of court cases which have lead to the nodern frontier of
federalismas it applies to constitutional restrictions on a
state's ability to regulate and tax its natural resources.
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Section E.3 turns to a parallel series of court
deci sions which focus directly on interstate conpetition for
water. Concern is with property rights for water as they are
relevant for the "certainty” with which a state can claim
rights to the water resources within its boundari es.

E.2 CONTEMPORARY FEDERALI SM A STATE' S ABILITY TO CONTROL,
REGULATE, AND TAX | TS NATURAL RESOURCES

Limtations on a state's ability to control, regul ate,
and |l evy taxes on the natural resources within its boundaries
is determned, in large part, by Article |, Section 8 (the
"Commerce Clause") of the U S. Constitution which provides
t hat Congress has the power "to regulate Commerce with foreign
Nati ons, and anong the several states, and with the Indian
Tribes" (U. S. Constitution). The negative inplication of the
phrase “. . . regulate Commerce . . . anong the several
States . . ." i.e., that states may not enter that province,
has been the source for considerable debate al nost fromthe
time of its adoption:

the history of comrerce clause adjudication
is a history of the search for that bal ance of
federal -state power that best serves the society's
needs at a particular tinme" (Browde et al. [1981],
p. 11).
The somewhat polar limts of that search are seen in the
opi ni ons of Justices Frankfurter and Jackson:

The interpretations of nodern society have not w ped
out state lines. It is not for us to nmake inroads
upon our federal systemeither by indifference to
its mai ntenance or excessive regard for the unifying
forces of nodern technol ogy" (Polish National
Al'liance v. NLRB).

Qur system fostered by the Coomerce C ause, is that
every farmer and every craftsman shall be encouraged
to produce by the certainty that he will have free
access to every nmarket in the Nation, that no hone
enbargoes will wi thhold his exports, and no foreign
state will by custons duties or regul ati ons excl ude
themt (H P. Hood & Sons v. DulMond).
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In these interpretations of the cormmerce clause as it
bears on state’s rights to inpose control over its natural
resources, the Suprene Court has taken many tw sts and turns.
In the early 1800s, the Court's strong federalist positions,
as seen in the 1824 G bbons v. Qgden decision, firmy
established the theory of the exclusivity of federal power
over commerce. One then sees a period over which the Court is
seemngly attenpting to define what a state m ght, and m ght
not do, i.e., to properly define federal and state powers. At
the outset, these attenpts took the direction of
di stingui shing between a state's legitimte exercise of its
police power and the regul ation of comerce. In Brown v.
Maryl and the Court distinguished between the power to direct
(regul ate) the renoval (extraction) of gunpowder, a legitimte
exerci se of police power, and the |icensing of whol esal ers of
i nported gunpowder, an unlawful disruption of interstate
commerce. This notion then evolved into a distinction between
actions which were "local" and "national"™ in nature. The
Court was then to | ook beyond the subject of a state
regul ation to the exam nation of the effect of the regulation
on the flow of comerce (e.g., Cooley v. Board of Wardens).

The "local v. national"” focus of the Court in the |ate
1800s and early 1900s is inportant in that state regul ations
are allowed on its natural resources even if sone burden on
commerce resulted. A state's regulation was allowed so | ong
as the burden on comrerce was deened by the Court to be "only
indirectly, incidentally, and renotely"” (Smth v. Al abams).
The stage was then set for a period of judicially supported
| ai ssez faire economcs, wherein, in the "Heisler tril ogy"
(Browde et al. [1981], p. 18), the Court took the position
that taxes and/or regulations applied to the act of severance
or production, which preceded the flow of comrerce, were not
subj ect to commerce clause constraints (see Heisler v. Thonas
Colliery Co., Hope Natural Gas Co. v. Hall. and Aiver Iron
Mning Co. v. Lord). Thus, in Heisler v. Thomas Colliery Co.,
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the state of Pennsylvania i nposed a tax on a type of
anthracite coal shipped to other states, states which were
prohi bited to use other coals of higher sul phur content.

Not wi t hstandi ng the resulting, essentially nonopolistic,
position of Pennsylvania, the Court reasoned that a tax |evied
when coal has been m ned and prepared for shipnment precedes
the time at which the coal is governed and protected by the
commerce clause (Heisler v. Thomas Colliery Co. at 260-61).

Thus, the basis for state's confidence in their
"ownershi p" of natural resources within its boundaries,
certainly as respect to its ability to exercise regulatory and
tax powers as it chose, is readily apparent. So long as a
specific activity was not "in" comrerce, such as the activity
involved in the extraction of resources (e.g., groundwater,
coal, etc.), regulatory and or tax actions by the state were
sinple, and allowable, applications of its police powers,
commer ce cl ause constraints did not apply. This was the
setting for state regulation and control of intrastate natural
resources through the 1960s.

Beginning in 1970 with Pike v. Bruce Church, Inc.,
however, the Suprene Court noved sharply away fromthe "l ocal"
v. "national" criterion underlying the principles of the
Heisler trilogy. 1In looking for ways to bal ance the
conflicting clains of state and national power, in Pike the
Court established a test for the determ nation of whether or
not a state tax or regulation was in violation of the commerce
clause. A regulation on natural resource use within a state
to be allowable vis-a-vis the comerce clause, was judged on
the basis of (1) evenhandedness, (2) the legitinmacy of |ocal
public interest, (3) the burden inposed on commerce in
relation to |l ocal benefits, and (4) |east intrusive neans.

The "evenhandedness" criterion, of course, relates directly to
discrimnatory effects of a regulation vis-a-vis citizens of

other states (see, e.g., Exxon Corp. v. Governor of MD). The
"l egitimacy of local public interest" essentially involves the
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Court's assessnment of a hierarchy of interests. At one end of
the hierarchy, regulations whose primary effects are to
protect econom c well-being would nost |ikely be judged
illegitimate on their face. Alternatively, regul ations whose
maj or effects are to protect public health and safety woul d
nost likely be viewed as legiti mte exercises of police power.
The "l egitinmacy" of regulations, the major effects of which
lie in between these extrenes, is an open question (see, e.g.,
City of Philadel phia v. New Jersey). The "burden on conmerce
inrelation to |l ocal benefit" criterion requires the Court's
bal anci ng benefits clainmed for a regul ation, even
heal t h/ safety benefits, against effects on interstate commerce
(see Bibb v. Naval o Freight Lines. Inc. and Sout hern Pacific
v. Arizona). Finally, even if the Court finds burdens on
commerce to be acceptable vis-a-vis |local benefits, the
regulation is not permssible in cases where there exists
alternative, less intrusive (in terns of commerce effects)
means for achieving the sane objective (see Hughes v.

Okl ahoma) .

In virtually all nodern resources cases, however, the
Court has consistently struck down state regul ati on schenes
whi ch have the effect of placing the state in a position of
econom c isolationism or which tend toward "econom c
Bal kani zati on" (G ty of Phil adel phia v. New Jersey;

Pennsyl vania v. West Virginia; Wst v. Kansas Natural Gas
C.).

Looki ng next to taxes, the Court noved fromthe
principles of the Heisler trilogy in the late 1970s with their
decisions in Conplete Auto Transit. Inc. v. Brady, Departnent
of Revenue v. Associ ation of Washi ngton Stevedoring Cos., and
Mchelin Tire Corp. v. Wages. Beginning wth Conplete Auto
Transit, the Court established, essentially, a four-pronged
test for determ ning whether or not a state tax on natural
resources violates the comerce clause. Thus, a state tax
does not violate the commerce clause when it: (1) is applied
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to an activity with a substantial nexus wth the taxing state,
(2) 1is fairly apportioned, (3) does not discrimnate against
interstate comrerce, and (4) is fairly related to the
services provided by the state (see Japan Line. Ltd. v.

County of Los Angel es).

Hopeful Il y, these di scussions serve to nmake clear the
subst anti al changes which have occurred over the | ast decade
in ternms of range over which states may i npose taxes on
and/or regulations for, the use of natural resources within
their boundaries. Until the 1970s, the Heisler trilogy guided
the Court, and the extraction, diversion, or use of natural
resources were, in the main, insulated fromcomerce clause
chal | enge, activities involving the extraction or gathering of
resources per se did not involve commerce. Beginning in the
1970s, however, the "local v. national" distinction no |onger
hel d, and any tax or regul ation on resources use becane
subject to the Court's scrutiny as to its effect on comrerce.
The inplications of this general observation for water
resources in particular are developed in the foll ow ng
section.

E.3 PROPERTY RI GHTS AND THE STATES' CONTROL OVER WATER
RESOURCES: THE RATI ONALE FOR UNCERTAI NTY AS A
COMPONENT RELEVANT FOR WATER PLANNI NG

Narrowi ng our focus now to water resources, there are
three distinct |lines of developnent in the positions taken by
the Court which are of primary inportance for our discussions
of the rel evance of evolving legal institutions for water
pl anning. The first of these concerns comrerce cl auses
challenges to a states' right to control water, particularly
groundwater, wthin its borders, and therefore relates
di scussions in the preceding section directly to water
resources. The second line of |egal devel opnents to be
di scussed concerns the dramatic shifts in the criteria used by
the Court in deciding "equitable apportionnment” suits
involving interstate clains on water in interstate streans and
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rivers. Central to these discussions is the apparent trend
whereby intrastate water rights based upon the prior
appropriation doctrine are seem ngly being replaced by
conparisons of interstate efficiency in water use. Finally,
we exam ne Court decisions which relate to the bastion of
state control over water resources—the interstate conpact.
E.3.1 Water Rights and The Commerce C ause

Prior to 1982, western states had every reason to be
confident in their absolute control over groundwater resources
Wi thin their boundaries. Their control over surface waters,
for interstate streans, were typically constrained only by
limts i nposed by adjudi cated equitable apportionnments or by
interstate conpact. G ven our discussions above, comrerce
cl ause considerations were viewed as totally irrelevant; after
all, the extraction of groundwater was a "local" matter, and
i nvol ved an extraction process which preceded commerce. In
irrigated agriculture, the extraction of water was a | ocal
activity which provided an input to the process which produced
articles in comerce (agricultural products). The state's
control over its groundwater resources was viewed as absol ute,
and extended to | aws and/or regul ati ons which prohibited the
out-of -state export of water resources.

Paralleling the general shift in the Court's position
vis-a-vis the regulation and taxation of resources noted
above, the nature of a state's control over groundwater
resources shifted markedly in 1982 with the Court's decision

in Sporhase v. Nebraska. |n Nebraska, |ike nost western
states, groundwater was considered to be "owned" by the state,
and therefore subject to state control over its use. In

particul ar, Nebraska |aws prohibited the export of groundwater
to other states unless the inporting state had a reciprocal
agreenent for groundwater inports to Nebraska. Wile

recogni zing the need by state's for planning and nmanagenent of
groundwat er resources, the Court rejected the notion that a
state can "own" its groundwater resources, such "ownership"
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was held to be a "legal fiction." Further, using the line of
reasoni ng that, since nore than 80 percent of water supplies
are used for agricultural purposes and agricultural nmarkets
are worldw de, the Court ruled that a state's interference
with interstate exports of groundwater would be in violation
of the Coomerce Clause of the U S. Constitution.

In expressly overruling (G eer v. Connecticut) three
years ago, this Court traced the dem se of the
public ownership theory and definitively recast it
as ‘but a fiction expressive in |legal shorthand of
the inportance to its people that a State have power
to preserve and regulate the exploitation of an

i nportant resources (citing Hughes v. Gkl ahona

[ Conplete Auto Transit. Inc. v. Brady]).

"Appel l ee's argunent is still based on the legal fiction of
state ownershi p” (Sporhase v. Nebraska at 3461).

Recall that in the post-Heisler trilogy Court, scrutiny
of regul ations on natural resource, |ooked to the "burden on

commerce in relation to local benefit" criterion, wherein the
Court bal ances benefits clainmed for a regul ation, even
heal t h/ saf ety benefits, against effects on interstate
commerce. | n Sporhase, the Court | ooked to bal ance the | ocal
benefits of managing water for health and safety against the
burdens on interstate commerce resulting, not fromthe | ocal
extraction of water, but on the agricultural conmodities which
used water as an input.

Appellee . . . [has] convincingly denonstrated the
desirability of state and | ocal managenent of
groundwater. But the States' interests clearly have
an interstate dinension. Although water is indeed
essential for human survival, studies indicate that
over 80% of our water supplies is used for
agricultural purposes . . . [and] . . . agricultura
mar kets supplied by irrigated farns are worl dw de
(Sporhase v. Nebraska at 3462).

appel l ee's clai mthat Nebraska ground water is
not an article of comrerce goes too far: it would
not only exenpt Nebraska ground water regulation
from burden-on-comerce analysis, it would al so
curtail the affirmative power of Congress to
i npl ement its own policies concerning such
regulation . . . . |If Congress chooses to |legislate
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in this area under its conmerce power, its
regul ati on need not be nore limted in Nebraska than
in Texas and States with simlar property | aws"

(Sporhase v. Nebraska at 3463).

The notion that groundwater is an article in comerce,
and thus subject to Coormerce Cl ause protection is |ater
reaffirmed in South-Central Tinber v. Wnnicke. For exanple,

For a state regulation to be renoved fromthe reach
of the dormant Commerce O ause, congressional intent

must be unnistakable clear . . . (requiring states
to prove that Congress affirnmatively contenplated a
wai ver of the commerce power) . . . reduces
significantly the risk that unrepresented interests
will be adversely affected by restraints on
comerce" (South-Central Tinber v. Wnnicke at
2238) .

These extensions of commerce clause applications to
groundwat er over the | ast few years have inplications which go
wel | beyond groundwat er per se, and include surface waters
supposedl y protected by adjudi cated equitable apportionnents
as well as conpacts. In El Paso v. Reynolds the City of E
Paso had applied to New Mexico's State Engineer for permts to
punp sone 250,000 a.f. per year fromthe Mesilla Bolson in New
Mexi co, about 20 mles to the south of the Cty. The Mesilla
Bolson is a tributary aquifer to the Rio G ande whose waters
are divided between New Mexico and Texas (as well as Col orado
and Mexico) by the Rio Gande Conpact. If allowed, El Paso's
punpi ng woul d then unquestionably reduce flows in the R o
G ande after sonme period of tinme, thereby inpairing the
conpact -establi shed water rights in the RRo Gande. The
District Court seem ngly stepped around the effects of El
Paso' s punpi ng on conpacted surface water rights, and focused
solely on New Mexico's | aw whi ch prohibited water exports and,
foll ow ng the exanple of Sporhase, ruled the | aw
unconstitutional on conmerce clause grounds.

This then | eaves unanswered the issue as to whether the
Suprenme Court will consider punping effects fromtributary
aquifers on surface water rights established by prior
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appropriation or conpact in their considerations of "local"
benefits cl ai ned by states.
E. 3.2 Equitable Apportionnment and Water Markets: The Dem se
of The Prior Appropriation Doctrine

In nost western states, water rights were established by
an individual's putting water to beneficial use, and the
priority of such rights was governed by the prior
appropriation doctrine: "first in use, first inright."
Prior to 1921, it was generally thought that prior
appropriation would rule absolutely throughout the course of a
stream notw thstandi ng state boundaries. The "absol ut eness”
of the prior appropriation doctrine was nodified by the courts
in 1921, however, when, in Womng v. Colorado it ruled that
prior appropriation based on annual flows of a river was not
the basis for quantifying rights; rather, it was the anmount of
wat er which could be available with the construction of
appropriate facilities for water storage. Womng' s claim
that they should not be required to build storage facilities
to facilitate Col orado's needs for greater water supplies was
rejected by the Court:

The question here is not what one State should do
for the other, but how each shoul d exerci se her
relative rights in the waters of this interstate
stream Both are interested in the stream and both
have great need for water. Both subscribe to the
doctrine of appropriation, and by that doctrine
rights to water are neasured by what is reasonably
requi red and applied. Both States recognize that
conservation within practicable linmts is essenti al
in order that needl ess waste nay be prevented and
the largest feasible use may be secured . . . . W
think that doctrine |ays on each of these States a
duty to exercise her right reasonably and in a
manner cal cul ated to conserve the common supply
(Woning v. Col orado at 484).

The prior appropriation doctrine, as it relates to the
state's rights to surface water flows, was further weakened in
the Court's 1945 decision in Nebraska v. Womng. 1In this
case, the Court held that water clains of a state based on
prior appropriation nmust be considered within a context that
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i ncl udes physi cal and economic factors. Mst inportantly,
Court holds that prior appropriation nust give way in
i nstances where its recognition would result

exi sting economn es.

and,

regul ation and tax cases was seemngly carried over
equi t abl e apportionnent consi derations.

That (clainms for the just and equitable results
realized with the prior appropriation doctrine) does
not nean that there nust be a literal application of
the priority rule . . . in determ ning whether one
State is using, or threatening to use, nore than its
equi tabl e share of the benefits of a stream all the
factors which create equities in favor of one State
or the other nust be wei ghted as of the date when
the controversy is nmooted. . . . But if an

al l ocati on between appropriation States is to be
just and equitable, strict adherence to the priority
rule may not be possible. For exanple, the econony
of a region may have been established on the basis
of junior appropriations. So far as possible these
est abl i shed uses shoul d be protected though strict
application of the priority rule night jeopardize

them . . . But physical and climtic conditions,
the consunptive use of water in the several sections
of the river . . . the extent of established uses

the practical effect of wasteful uses on
downst ream areas, the damage to upstream areas as
conpared to the benefits to downstreamareas if a
limtation is inposed on the former--these are al
rel evant factors. . . . They indicate the nature of
the probl em of apportionnent and the delicate

adj ustment of interests which nust be nmade (Nebraska

v. Wom ng at 618).

By the 1980s, however, the Court's focus on conmerce
inplicitly, markets and efficiency noted in resource
into
In the Court's 1982

in harmto

t he

decision in Colorado v. New Mexico, the Court held that water

rights clainms based upon prior appropriation considerations

are subject to the extent to which diligence in the exercise

of the rights can be shown, but nost inportantly, could be

forfeited in instances wherein junior clainms could be shown to
be nore efficient (or valuable). That is, relative benefits
and costs were the yardstick to be used in deciding whether to

prot ect senior
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chal | enges by junior users. The dictumof the Court,
sel ections of which follow, raises serious questions as to the

extent to which prior appropriation can still serve as a neans
for establishing certain rights in a state's surface waters.
will protect only those rights to water that
are 'reasonably required and applied" . . . "there
must be no waste . . . of the treasure of a river.
Only diligence and good faith will keep the
privilege alive' . . .. Thus, wasteful or
inefficient uses will not be protected. . . .
Simlarly, concededly senior water rights will be

deened forfeited or substantially dinnished

[ enphasi s added] where the rights have not been
exerci sed or asserted with reasonable diligence
(Col orado v. New Mexico at 184).

.o we have held that . . . it is proper to weigh
the harns and benefits to conpeting States . . . we
held water rights . . . which under state | aw were
senior, had to yield to the 'countervailing
equities' of an established econony . . . even
though it was based on junior appropriations.

W noted that the rule of priority should not be
strictly applied where it 'would work nore hardship'
on the junior user 'than it would bestow benefits'
on the senior user. . . . The sane principle is
appl i cabl e in bal ancing the benefits of a diversion
for proposed uses against the possible harns to

exi sting uses (Colorado v. New Mexico at 186, 187).

E.3.3 Providing Security For a State's Water Ri ghts:
The I nterstate Conpact

The ultinmate bastion for the protection of a state's
water rights has al ways been viewed as the interstate conpact,
surely a state's water supplies allocated under conpact nust
be secure fromacquisition by other states. But even here,
with interstate conpacts, uncertainties as to the state's
ability to use its conpact waters in whatever ways she w shes
was challenged in 1983. 1In the Court's 1983 decision in
| nt ake Water Conpany v. Yell owstone R ver Conpact, the Court
held that a state's conpact allocation of water was imune to
the Commerce Clause. A state mght prohibit the interstate
export of its conpact water supplies only if the |anguage of
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t he Conpact approved by Congress explicitly prohibits such
transfers:

Just as Congress may itself enact a | aw t hat

interferes with interstate comrerce, it nmay al so
give its approval to a state law interfering with
interstate commerce and thereby imunize the | aw

fromchal | enge under the Cormerce Clause . . . the
i ssue is whether Congress in fact approved the state
law . . . Congress's approval of the Yell owstone

Ri ver Conpact in 1951 may be considered the express
statenent of intent to i mmunize the Conpact from
attack that the Court found | acking in Sporhase

(I ntake Water Conpany v. Yell owstone River Conpact
at 296).

Wi le states, |ike Wom ng, who are parties to the
Col orado Ri ver Conpact (which does contain such "express
statenment (s) of intent") mght seek confort in the Court's
decision in the Intake case, many | egal scholars would view
such confort as sanguine. As denonstrated above, the
persi stent novenent of the Court toward the position that
waters, interstate and intrastate, should be used wherever the
needs and benefits are greatest--essentially, that water
resources should be subject to the forces of free, interstate
mar ket s--there exists (in the mnds of many | egal witers)
consi derabl e uncertainty as to the ultimte protection offered
a state by their participation in conpacts.

Under the Court's interpretation of the tenth
anmendnent it would seemthat conpacts create
state-held proprietary interests not subject to any
limtation derived fromthe dormant commerce cl ause.
. (however, in Sporhase, the) . . . court has
placed into the matrix a countervailing need-the
need in our federal systemfor water to flowto its
hi ghest economic use in the interstate water system
. Wil e the argunent that congressional
approval of conpacts creates exclusive state
apportionments of water seens clear on its face,
there is sufficient uncertainty to suggest that
there are circunstances in which the protection

m ght not be absolute (Rodgers [1986], p. 373).

My guess is that the Court, in the absence of
explicit territorial limtations [in a conpact] w Il
tend to be unfavorably disposed to state
restrictions which interfere with providing water to

161



expandi ng popul ation centers and it wll not

construe conpacts as placing territorial limtations
on water use that avoid comerce clause scrutiny.
The Court will be nore inclined to solve the

popul ation problens than to read the intent of state
| egislatures into federal law (Sims [1985]).
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APPENDI X F

THE QUESTI ON OF | NTEGRATI ON

F. 1 | NTRODUCTI ON

The question as to how one mght effectively integrate
nmeasur es/ descri ptions of inpacts associated with water
projects has | ong been of concern to analysts. Problens of
integration stemprimarily fromthe fact that inpacts
associated wth the various objectives are, and we have argued
shoul d be, presented in different units. |In this appendix, we
explore this issue. Qur purpose is to draw attention to the
past debates regarding integration and alert the reader of
sone of the problens of a broad benefit-cost analysis.

F.2 AN EXAMPLE OF | NTEGRATI ON PROBLEMS

| npacts on incone-related itens (included in the benefit-
cost neasure) are summed and are expressed in dollars.
Distributive inpacts are typically given by an (unsumred)
array such as the percentage distribution of households in
various inconme groups in the areas affected by different water
recl amation projects. Environnental and or ecol ogical inpacts
may be described by such neasures as incone or acres of
wildlife habitat preserved, an affected biol ogical species,
and/ or nunbers of encounters (relevant for "congestion" in a
w | der ness experience).

The i npacts associated with two projects under
consideration m ght be represented as foll ows:
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PRQIECT A PRQIECT B

Benefit/ (a) .89 (a) 1.2
Cost Measure: Benefits: $20.2 nmill. Benefits: $27.8 mll.
Costs: $22.7 mll. Costs: $23.2 mll.
(b) benefits and (b) a good part of
costs are certain. Proj ect benefits are
uncertain.
Di stribution: 75% of affected 15% of affected
Popul ati on “poor”; popul ati on “poor”;
90% of project incomnes 10% of project incones
(benefits) accrue to (benefits) accrue to
t he poor. t he poor.
Envi r onment al No wi | derness areas Hal f of the | ands
| mpact s: are affected ina 10 nillion acre

The trade-offs involved with these two projects are obvious:
the greater, but uncertain, economc efficiency of Project B,
as seen in the benefit/cost ratio of 1.2, may be traded off
with the nore certain, smaller incone related benefits,
greater effects of inproving inconme distributions, and the
protection of established w | derness areas affected by Project
B. Alternatively, if Project A was being considered in
isolation, the relevant trade-off to be considered is that
bet ween the objective of inproving the incones and soci al
wel | -being of I ow income households in the state, with
investing in "efficient” projects.

Thus, integration may involve nothing nore than a
presentation of the array of project-related inpacts as

exenplified above for projects A and B. |Indeed, this node of
"integration" is the one inplied by the argunents of Bronley
and ot hers descri bed above. However, "integration" inplies to

many the need to bring together the diverse inpacts of a
project in one common unit (i.e., dollars) such that the

i npacts can be sumed, and the net beneficial effects of the
project can then be expressed as single integer. Then that

i nteger can be conpared with those derived for other projects
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to the end of conparing the relative desirability of projects.
As an exanple, if we were to be told that each dollar of
income had a "social weight" of 1 (for the purpose of this
exanpl e, we ignore uncertainties), each dollar of income which
accrues to low incone famlies had a social weight of 1.25,
and that each acre preserved in w | derness areas had a soci al
val ue/wei ght of 1.5, the inpacts of projects A and B could be
expressed as an integer reflecting "social values" as follows:

Project A: (1) ($20.2 mllion - $22.7 mllion) + (1.25)
(90% of $20.2 million, or $18.2 nmllion)

- $2.5 million + $22.8 nillion

$20.3 million

Project B: (1) ($27.8 million - $23.2 mllion) + (1.25)
(10% of $27.8 mllion, or $2.8 mllion)
+ (1.5) (- $5 nillion)

$4.6 mllion + $3.5 million

$7.5 million

$0.6 million

Here, Wom ng's concern with the problens of the poor,

envi ronnental concerns, etc., are viewed as being adequately
expressed in the weights 1.25 and 1.5, respectively. Intra-
project trade-offs disappear, and the conparison of interest
is $20.3 mllion with $.6 mllion and Project A is obviously
superior. The obvious problemw th this approach, of course,
is wwth: where does one find these crucial weights? The
answer to this question is equally obvious: you don't; at

| east, to date we know of no one's success in this regard.

F.3 THE PAST DEBATE AND OUR THOUGHTS

During the late 1960s and early 1970s, a great deal of

effort was expended by econom sts and systens engineers wth
this approach (as exanples, see Major [1969] and the critique
by Freeman and Haveman, [1970]; Flack and Sumrers [1971];
MIler and Byers [1973]; and Seneca [1969]). O course, while
anal ysts coul d provide any nunber of nuneric algorithns for
"integrating” benefits and costs of nulti-objective projects,
applications of these nodels were persistently stymed by the
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| ack of information as to appropriate weights which m ght be
assigned to non-nonetary objectives:

Unl ess wei ghts (val ues) can be specified or there is
a political process for choosing anong projects, the
soci al optimum cannot be defined, and nothing
further can be said about the choice of projects
(Freeman and Haveman [1970], p. 1534).

In his treatise of efficiency in governnent through systens
anal ysi s, MKean acknow edges that:

In order for such opportunities (to use operations
research methods for project anal yses) to exist,

there must be . . . neaningful quantitative
i ndi cators (weights) of gains and | osses ([1966], p.
16) .

O course, the search for weights runs counter to
Brom ey's earlier noted adnonition that everything is subject
to conversion to a single integer. At issue in the "weights”
problemis the well-known Arrow I npossibilities Theorem which
in honey terns, denonstrates the inpossibility of acquiring
meani ngful social weights for these diverse inpacts (Arrow
[1963]). Qur viewis that this adnonition is well nade, and
that "integration"” nust be taken to describe no nore than, but
certainly no less than, the process of bringing together, in a
conprehensi ve manner, the full array of relevant benefici al
and adverse effects of a project.
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