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ABSTRACT

One central and recurring theme underlies the concern of many agencies
involved in water development and allocation decisions in Colorado. That
theme is conflict in the use of economically scarce water supplies and approp-
riate means of resolving such conflict. One key economic ingredient in
resolving conflicts among alternative uses is the value of water. An
extensive literature search indicates that policy makers are not being
provided consistent, comparable estimates of the social and economic signif-
jcance of water in alternative uses, The reason is that water resource
analysts have apparently reached no consensus on a systematic framework
within which to estimate water values in the absehce of observed market
prices. fhe explanation lies in the failure of analysts to fully appreciate
problems associated with the physical characterfstics of the resource which
may. lead to significant ecdnomic interdependencies, differences in the
perspective taken in estimating water values, inadequately or inappropriately
conceived concepts of use, variations in the techniques of analysis employed,
and other factors. A conceptually consistent framework for valuing water
is set forth. In addition two widely used analytical methods for valuing
water are discussed. The residual jmputation technique is found to be
generally acceptable. However; the increasing re]iancé on valuation through

the "value-added approach" shou]d be discouraged.
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Economic Issues in Resolving
Conflicts in Water Use

S. L. Gray and R. A. Yoqng
Introduction

Water resource policy in the Western U.S. received its initial thrust
from congressional action to promote}economic development in the west. Early
legislation, such aS the HomesteadvAct and the Desert Land Act, provided land
 to settlers willing to develop the land for farming. Variationé in water
supply, seasonally and geographically, emphasized the need for water supply
and storage facilities of a scale such that financial requirements exceeded
the means of individuals and local and state governments. As a result, the
Reclamation Act (1902) was enacted to provide supply and storage facilities
in the west at Tow cost to the users. Under provisions of the Act, settlers
were required to repay construction costs at no interest. The early federal
.legislative mandates placed major emphasis ubon private and regional develop-
ment with primary financial responsibility at the federal level of govern-
ment.

Beginning in the 1950's and cbntinuing through the 60's and 70's, avnum-
ber of 1egislétive and administrative attempts at developing a rational water
policy were undertaken. Bureau of Budget Circular A-47 (1952), Proposed

-«

Practices for Economic Analysis of River Basin Projects ("The Green Book,"

1958), and Senate Document #97 (1962), all provided statements of policies

and procedures to be used in evaluating wéter development projects. While
perspectives and objectives other than those reflecting the national interest

were recognized in these documents, major emphasis was given to sound
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economic analysis of the benefits and costs of development from the national
point of view,

Further emphasis was given to economic analysis of proposed water devel-

opment projects in the'water Resources Planning Act (1965) which, among other
~ things, called for reconsideration and refinement of benefit-cost practices
and mandated periodic review of the nétional water situation. " Still another

attempt to'improve,water planning and development practices is found in the

U.S. Water Resources Council's Principles and Standards . . . (1973) which

replaced Senate Document #97 as the basic set of policy and procedures guide-

lines.(see Federal Register, March 22, 1982). Also, the Carter

Administration's stand on‘environmental protection and‘financial responsi-
bility in water:development, although badly mishandled and subjected to con-
gressional.override, represented an additional'concern.with eﬁtablishing a
rational,'nationwide'water palicy.

“..Whether orinot. these attempts have been>successfu1 in meeting the ends
they addressed. is not of concern heré. What is'apparent, and important from
our:perspectivefand;that of individual western states, is that the actions
taken since the 50's, the exhaustion of sites for reservoir deve]opment and
other developments appropriate for federal construction and, public awareness
of sharply rising costé-of fedefal projects havg led to a gradual change and,
inusome.jnstan;es, a.reduction. in the role of the federal governmentvin‘the
déve]opment of water resources, As a corollary, the role of the states in
water. developments and in setting water policy has expanded. = .
29$¢)At;theuhatjonal:1eve1, thefCUrrent.concern~with rapidly increasing .
énergy price% and the”availability_of.ehergy=resources has tendedvto lessen

the.emphasis placed;on water resources research.

oo S ]



. socInccertain western states, however, the national .energy situation com--
pounds. existing wafer problems and adds to the urgency of developing rational
watef;po]icy.;mln,states already facing serious conflicts among alternative
water.users, as is Colorado, pressure to satisfy national energy demands by
developing.abundant coal and, potentialiy. oiT shale deposits is not an issue
which.may be treated independently from water, Energy developments, new or
expanded, compound existing conflicts and. increase the.requirement for eco-
nomic. analysis of alternative water development and allocation schemes.

“.» aThe existence 6f-conf1icts and the importance of. economic anélysis as an
input in,heso]?ing them is, of course, recognized by agencies involved in
state.and federal watér development and planning. A recent statement of pri-
ority.water. research issued in the State of Colorado (Technical Advisory
‘Committee, Colorado Water Resources Research Instituté, 1979)‘contained,a
listooﬁzmonehthanzlod.items.,VA.]arge number of these items involved economic
analysis. to some degree and apprdximately one-fourth of them indicated eco-
nomics .as -the.primary discip]ine involved in the research. The research
tasks,in,theﬁlatter gnoup:contajned three common and interrelated elements:
the,callgforuanvanalysis of the benefits,qnd costs of particular development
and. allocation strategies; a statement of the criteria. upon which to base
analyses of. development and}a110cation_schemes; and recognition of the need
foraempirica11y.sound,estimates.bf water value in alternative uses.. These
three.elements support the contention of policy makers and economic analysts
thatyfhe central feature of the state's water'problems may be very briefly
summanized as. conflicts among existing.and potential alternative uses. The
focusyofrthe.State}s water policy islfheh legitimately on resolution of con-
flictiuwhich.is.a problem of organizing human utilization of the available |

resource endowment.



Bouldingié]980):states that there are three major/mechanismsvinvolved-in
this process —~"pr§ces," "poTicement,“‘and “preachments." The first repre-
sents the results offthe market system operation of freevexchange~and rela-
tive prices. - The second represents the establishment and enforcement of
- property:rights- and public regulations governing resource use. ‘The third
represents:-the process. through which human values are learned, transmitted,
altered, and used in. making choices. .

«i.Wateryhas been:QOVerned by'a combination of these mechanisms. However,
ih contrasfrtO»many'other-natura]fresources,.the political and moral mecha-
nisms have had-the dominant role, and'water'administration.fa115-1argé1y‘1n
‘the political arena. There are good reasons for the lackrbfsemphasis given
to market prices as.a means of allocating water among.a]ternativé uses and
thusifor continuation of-allocation decisions made in a non-market context.
’Many of these reasons derive from the nature of the water:resource. They are
alsoysuggestive of reseaféh}tasks facing analysts charged with the responsi-
bility of providing economic input into the decision process.
oinlghisiourdintent,-in the following pages;,to:‘ 1) sketch the general
nature!of:the manketvsysfem and the:attributéswa the structure of prices in
auproper1y functioning market;'z) describe the nature of water in order to
show:why non-marketlallocation.ié,_and will likely continue to be, the means
of:reso1Vinglconf1icts in water a]]ocation;‘s) describe the nature of the
economi:c:problem and- research input in the analysis of water allocation in
the:non-market- context; and 4) critiéal]ylevaluate.alternative analytical
techniques used:in water valuation efforts. ' .
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(1. The Role of fhe'Market System in

‘ Resource Allocation and Evaluation

>;-¢;Any economic system must answer several questions: 1) What goods and
services:. are to.be produced? 2) What technology of production is to be used?
~ 3) Who:is to use the goods and services produced? The market solution to
these;prob]emsvis\based on the premise of consumer sovereignty — the personal
‘wants_of individuals determine the aTlocation of resources, production, and
distribution. . . '
} \.-nln,the'idealizédlcompetitive market model, the system will. produce the
desired.(optimal) bundle of goods and services given the endowment of

resources,. production techno]ogy; consumer preferences and the distribution
of purchasing .power.. Individual producers and consumers, acting within their
own self-interest.will, in accordance with Adam Smith's "invisible hand,"
arrive-at. .an a]]ocafion of resources which cannot be improved upon. Firms,
encburaged,by prospective profit? buy inputs as cheaply as possible, combine
them jn the most efficient form and produce those things which have the high-
est value relatjve to'cbst. Consumers' tastes and preferences influence
their.expenditure patterns, thereby encouraging firms to prodUce the commodi-
‘tieSupeop]e.want.a.Prices.are bid up for the commodities most desired, and
producers”aJldcate‘resources'in.the direction of greatest profits. The firms
most. successful.in the process, producing desired goods most efficiently, are
rewarded by profit and the unsuccessful are eliminated, so production occurs
at. least.cost, ...

.« ....A-second desirable property of the idealized market system is its
‘ability to accommodate changes in conditions of production and patterns of
consumption. New knowledge and technologyvAre rapidly reflected in the

prices which producers are willing to accept for their products, On the



consumer side, changes in income and preferences soon show up in expenditure
patterns.~ In shorf, in a properly functioning market economy conflicts among
alternative resource uses would be solved by market determined scarcity values
(prices) which direct resources and commodities to those use yielding maximum
“returns and to.consumption.yielding the greatest satisfaction. Market prices
serve:as the means through which conflicts are resolved. - |
Obstacies to Market Allocation
of Water and the Need

for Value Estimates:

[ T T

. :.Markets in water, however desirable from a conceptual point of view, as
a means to afmorevproductive use of resources, are not yet common. (An impor-
tant-exception is -found in the Colorado-Big Thompson project area in north-
-easternnCo1orado,fwhere}a relatively sophisticated\market has evolved.)

i Several reasons might be put forth tb explain theJre1ative lack of water
markets.,-Thesefare‘(a) physical (dué-to the nature of water and how it is
used in production and consumption activities), (b) economic (which stems
from the-fact that, until recently, water has been in relatively p]entifu]
supply);&and“(e)aconflicting social valués (in that material well-being is
not the only yardstick used by sociéty to measure success in water alloca-
t'ion,).'\.-s,'% R PO .

- Whatever the reason for the general abéence of markets in water, the
estimation of value in alternative uses remains an important task, because
of the tendency toward under- or ovefcompensation of the,parties involved
in changing water use patterns. For example, the emergence of}new energy
deve]opments 1oéated upstream of existiné municipalities may impair fhe
quality of water availab]e for municipal use; The municipalities are

undercompensated for this change in that they must incur costs to clean the
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water:-to a usab1e quality. Or, consider the situation in Colorado in whfch
the'qourts have. recognized the potential damage to water users external to a
transfer.of water befween'uses and have Timited transfers~fovhistoric con-
sumptive use. This action may well brevent transfers from low to higher valued }
useﬂevenvthough'damage to the external.parties:to the transfer may be relatively
minor.. Third party interests are, in essence, being overcompensated. Resolu-
tion of conflicts in situations such as these is accommodated in the non-market
contek§ but the resource value question still remains (Howe, 1980).

‘“‘&Régburce value has meaning only in relation to an explicitly defined
objective(s) and value is measured as the contribution of the resource to
that objective (or set of objectives) (Marglin, 1966). For example, one of
the .Department of Natura]-Resources and Division of Wildlife research priori-
ties is to.examine conjunctive water use options to maximize the value of
output. . The objective has been clearly specified and those options selected,
at least on the basis of egonomic criteria, would be the ones contributing
most to the stated objective. Another example is a stated priority research
issue:of the Colorado Department of‘Agriculture to examine appropriate effi-
cienéy)criteria:fOr agricultural and municipé] water use.  The objective, in
this context, could be stated as the maximization of net returns to water in
agricultural and municipal use. Again, the value of water in agricultural
and municipal uses will reflect the contribution of the resource, in the two .
uses, to the objective function.

.It should be noted that in public water resource man&gement the objec-
tives.may: not be. expressed in the profit maximization motive often attributed
to firms. in the private sector of the ecohomy. Certainly other objectives
sucheas/income'distnibutidn, environmental QUality, and regional deve]opment

- represent. legitimate objectives, often in their own right or as elements
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constraining an economic efficiency objective. Nonetheless, our discussion
is ]imited in scopé to the economic effi;iency objective for two reasons.
First,.economic efficiency in the use of scarce water supplies is an extreme-
ly.important social objective and efficiency values do have viable empirical
,cbntentm .Second, estimates. of efficienqy values provide'an important means
of assessing the trade-offs if alternative social objectives, e.g., income
distribution, enter. the objective function with weights greater than zero.
... Water, in most. cases, is a non-market good. Thus, the absence of
’observable‘ma}ketwprices”as indicators of values is the general rule. As a
result;.procedures. for estimating the value of water can be interpreted as
‘attémpts'to simulate market outcomes. Such attempts have been described, in
' econoﬁjc‘1iterature;(as attempts to determine the wiliingness to pay for the
resource(rather.than do without it. This definition of value, i.e., the
amount. that a ful]y,informed, rational resource user would be wi]]ing'to pay
'for'itﬂ(Mérglin,;1966) is commensurate with market value. In more common
usage,uthé term. benefit in the benefit-cost literature is defined in terms
of;aggnegate willingness to pay by the product users, and thus value in our
definition:is identical with benefit.
.= There ‘are certain cases where a price is paid for water but this price,
actuallylpaid, differs from wi]lingnéss to pay. Examples of this would in-
clude::the allocation of water supp1ies by non-market mechanisms such as the
water rights under.the appropriation doctrine and the initié] a]]ocatioﬁ of
supplemental water supplies by the Northern Colorado Water Conservancy
District. Willingness to pay may exceed the actua] payments. Another very
common..situation in water resource develobments is that in which the develop-
ment'addsularge“disckete,increments to supply and where users are charged a

single.price for their increment. Revenues from the sale of water in these



cases understate the true value of the resource and estimates of shadow
pricgs are necessa%y in order to eStab]ish the true social value of the
resource. However, theré are a number of conceptual issues relating to the
general. problem of sha@ow‘pricing and specific to valuation of water which
render: the task.difficult yet one which must be addressed if comparable value
estimates are to obtained. We will not attempt‘a detailed presentation of
the entire range of conceptual issues but will high]ight,those we feel to be
of pantfcu]ar;importance to Colorado.

(R

. Conceptual.lssués in Valuing Water ’

‘The'Accounting Stance and
. Allocative Criteria

IEUYTRENTE KD

... There are three major viewpoints, or accounting stances, which can lead
.to differences :in estimates of the value of water, First, in the private
market context, the perspective of the individual is ehphasized}‘ In this
context, -the individual acts in accordance with his perception of gains and
| Josses. (benefits and costs). These gains and losses are associated with the
individual's objectives, e.g., profit maxfmization, and are viewed indepen-
dently of gains and losses occurring elsewhere, Two party transactions
regarding the rental of water or permanent exchanges"of rights to supplemen-
tal water through the Northern Colorado Water Conservancy District are exam-
ples.of the individual perspective. A price (value) is agreed upon by
parties~to the.tranéaction which reflects the individua] assessments of gains
_ and~]qssg;.;finnprjnciple, exchanges will continue until they cease to be
mutually advahtageous to parties to the tranSaction../The private water user
may, however, view benefits and costs much differently than do agents of the

public who are charged with the responsibility for all members of the public.
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Thus; alternative . accounting stanceS-are appropriate. In the water resources |
1iterature there are two major alternatives found: the regional accounting -
stance. (state or river basinf\and the national accounting stance.

... “The,.accounting stance adopted is an issue not only in assessing the
impacts of water deve1opmeﬁt'schemes but also in determining the trade-offs
involved in reallocations between uses. For example, the trade-offs, from a
regional. perspective, thaf are likely to be of major importance are the
direct. and indirect regiona] income changes, direct and indirect regional
emp]oyment changes, and the hard to quant1fy, but- potent1a11y important,
effects in terms of aesthetic amenities and desired economic mix of activi-
tJes., While changes such as these may be significant from a regional per-
spective, their sfgnificance from the rational viewpoint may be much less.
Consider a recent study by Howe and Young (1978) in which the direct and
indirect ‘income losses associated wfth transferring Water out of irrigated
agriculture in the Upper Colorado Rivek Basin were estimated at $2.1 million
per year. ; This. Toss was associated with phasing 8,800 acres in the Grand

- Valley and 10,200 acres in,therncompaghre Valley out of irrigated agricul-
turey ;.Consumptive watef use reductionewasﬂestimated at 30,800 acre-feet per |
year for.a regional income loss per acre-foot of water saved of $67. In
addition, a. reduction in salt loading of more than 76,000 tons per year was
estimated.g‘From,the'state or fegional,perspeetivevthe‘direct and indirect
income (and associated employment) losses are quite significant and the state
would. Tikely oppose the acreage phase-out program., From the national per- |
“spect1ve:“however, the losses may not appear to be significant, The water
saved:and reduced salt loading will permit part1a]1y-offsett1ng behefits in
the Lower:Basin. . Howe and Young‘(1978) estimated that a one-ton reduction in

salt loading would. result in increases in agricultural yields valued at $8 per
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ton, or'approximate]yv$608,000.-iﬁ thé Lower Basin. Resulting estimates
of the value of water from the two alternative perspectives are different and
the..conflict between agricultural énd other .uses will likely appear to be
much more accute when the regional perspective is adopted. This difference
in perspectives explains the conflict between state or regional authqrities
and the. Federal government regarding appropriate means of hand]ing water
problems. . Given the significant regional tfade-offs which may occur in real-
locations of. this type, the state or region generally finds it to be in its
best interests .to turn to other ways of satisfying‘the needs of emerging
water users, i.e.,. those provided from Federal funding.

| The. proposed increased responsibility placed on individual states fo}

) financing water projects may lead to an argument for adopting a regional
accounting stance rather than the brdader national viewpoint. The narrower
perspective may, at ffrst glance, appear justifiable. If the state finances
its own:water deve]opmgnts,,and bears the financial burden of reallocation,
why should economic benefit and coétAconsiderations extehd beyond state
boundaries? Are .the non-state‘(extraregional) impacts the responsibility of

the state (region)? Economic literature distinguishes between two types of

externa]ity.impgcts and suggests an answer to the questibn.of responsibility
for - such impaét#z(Miéhah:w1976);§ Thésétimpacts are’identified a$ pecuniafy
andltechho]ogicaT;externa]ities,i The former refer to uncompensated financial
impacts, e.g., an.increase.in- the rates of factor hire,. a feduction in the
price of commodities because of increases in supply, and the like. The latter
refer to uncompensated affects on the productioh (or satisfaction) functions
of\parties externa} to the deveIopment/aliocation decision. and would include
such.things as.environmental degradation and the imposed costs‘of clean-up,

loss othabitat.for fish and wildlife, and losses associated with changes in

4
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the timing of available supplies. The literature suggests that pecuniary
externalities are accommodated via normal market processes. It is the tech-
nological externalities which are‘worthyvof concern and which aré‘to be
accommodated, for allocative efficiency, oy some sort of internalization in
‘thegextgrnality producing»unit~._We concur, for the most part, with this sug-
gestion. Loy ‘ _
,,uug:Regaroing technological externalities, there appear to us to be two
issuesothat suggest the state should adopt,the.broadef perspective in analy-
sisoof”watervdeve1ooment schemes. Fifst there is a question of moral respon-
"Sibi}itjmfor‘action affecting regions beyond state boundaries. It is our .
valueiposition that this moral responsibility does exist. However, even if
i_thisuva]ue,positjon is not widely shared,Athere is the second issue of legal
rgsponsibi1ity,;61t:may well be the. case that the narrowef perspective will
prove. to be more expensive to an individual state‘in the long run than would
.adoptionaof the natipnoi,perspecfive in state policy. State practices which
imposeotechnologica1'side effects on other regions will likely be met with
stiff;(and expensive)o1ega1 opposition. ,Conside}ation of these types of
impactswshould;be;internalized.1n£o;the indiQidua1 state's analysis.
If the national perspective is, in'faci, adopted, private and/or

regional objectives may not be the.appropriate criteria upon which to base
' develooment and allocation decisioos- Since the national viewpoint is much
broédorzthan either of these, some concept of net social value is suitable.
In order to assure comparability in value eétimates in alternative uses and
Hboowoeqﬂrogjoq§3y1§$j§'impefative that!the aoalytical perspective adopted be
identified and that Steps be taken to adjustvestimates derived from different

perspectives so that they are consistent and comparable.

AV R
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The differences in accounting stance adopted by water resource analysts
is one primary cauﬁe'of differences in value estimates in alternative uses
and Qeographic,regions; Other causes include certain physical attributes of
the .resource, economic aspects of supply and use, énd institutional factors.

... . Quantity of water available for use is the most often‘emphasized aspect
of the water use and conflict situation. It is, however, only one dimension
of the\general.development and allocation problem. Water supplies and uses
~ vary.in.both time and. space so that two other dimensions of the resource are
immediately,obvious>—-the'timing and location of resource avai]abiTity. In
addition, water:is found in varying qualities depending on the type of use
and .the nature of soils through which it moves. These four dimensions —

" quantity,.quality,.time, and location — are an integral part of the water
problem.and examples of conf1icts.in each dimension abound. ‘The current
strugglg'between Colorado and Nebraska over the South Platte River provides
an_example of .conflict in the quantity, location and timing dimensions while
the water quality.dimension is exemplified inIWeld County where conflicts
between. natural.gas develppments and water quality have reached a boiling
point.: Their.consideration (or ]ack thereof) will have a significant impact

on water.value.estimates in alternative uses and regions.

Phyéjcéi Aspects of Supply and Use

cobiad s
| ... Natural resource classification generally proceeds with a distihction
drawn- between non-renewable, or-stock, resources and renewable, or flow,
regources. .water, with a few notable exceptions, e.g., storage in under-
'gropndﬁgquiferskfn which withdrawals exceéd rechérge capacity, falls in the
latter. category.. The bhysica] mobi]ity of water has caused its further

classification as a fugitive resource. This general fugitive nature is
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responsible for a number of physical interdependencies among uses and atten-
dant,véluation problems. A particular concern is the definition of the unit
of utiljzation. .

It.is common to distinguish between instream (non-withdrawal) and off-
stream:(withdrawal) and between consumptive and non-consumptive uses. Water
"use" is. ‘a term which can be applied to withdrawal. It can also be applied
~to the quantity of the resource which is not available for subsequent re-use,
i.e.,ito.actual. consumption. And it cah be applied to instream uses. Gener-
ally, withdrawal uses are the major conéumptive uses while instream uses are
typical]y termed non-consumptive. However, in the former it is not likely
~ that the entire quantity withdrawn is consumed. Certain uses, e.g., thermal-
" electric power. generation, withdraw extremely large quantities but consume

very little. In other cases, e.g., irrigated agriculture, consumption is a
significant. part of quantities withdrawn, In the latter case water use
instream. for hydroelectric power generation, instream flow maintenance for
fish, wildlife,. recreation and water qua]ity}improvement do not consume water
in the:same sense as does irrigated agriculture, However, storage for
instreamiuse can result Tn substantial evaporation and seepage loss. This is
a consumptive use effect which is rarely taken into account in water valua-
tion studies. In addition to this, the unconsumed portion, whether for
instream or withdrawal use, may be altered significantly in the quality,
time,'and location dimensions.

.In contrast to most other resources, the use of water for a given pur-
pose at:a specific time and location does not necessarily preclude its use
for other purpqses'atra_different time and location. This means that the
total productive use of a unit of water may be mahy times greater than that
at}the;initial point of usé (Hirschleifer, et al., 1960; Hartman and Seastone,

1970).
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Physical - Interdependence
and Economic Impacts

This indicates a major difficulty in evaluating water because water use
‘cannot, in the majority of cases, be viewed independently of potential alter-
natiye uses.  In most cases several alternative uses will exist within the
same river basin and one use can affect others through any of the four dimen-
sions. mentioned previously. In Colorado, recognition of the potential sig-
nificance ofitheses{nterdependencies is reflected in part in the consumptive
use limitation on transfers from one use or diveksion point to another. This
limitation explicitly recognizes the dependence 6f third parties on return
flows -from other uses as a major éource of water supply. It may, as men-
.“tionedipreviously, also give too great a weight to third party interests and
thus prevent some economically efficient transfers. Thus, there is a need
for value estimates which take into account the physical interdependence
" among uses.

- This is not a simple tésk, since the value of a particular unit of water
(an acre-foot)in this context is the sum of the value marginal product in
the initial use plus the value of the return flow in subSequent uses (Hartman
and Seastone, 1970): This sum, in the systems context, is net of the posi-
tive or negative effects which are ehgendered subsequently in the system.
The value of a unit of water to the Who1e system, rather than to a single
use, is the relevant concept in the systems context. The system concept of
~ value of water is very importanf in conflict situations within a river basin
and also in consideration of reallocations between regions and river basins,
e.g., transmountain diversions from Colorado's western slope to the eastern

slope.
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The Allocation Variable

“The valuation problem posed by pervasive physica] interdependencies in
use is essentially one of jdentifying the appropriate allocation variable or

definition of use of water. In some situations, evaluation may not require a

" measure of va]ué'per unit "used" in the traditional withdrawal or consumption

iy

sense. A case in point is instream use. A storage project with.a primary
purpose of storing water for irrigation, such as Horsetooth Reservoir, may

che . . e .
create water-based recreation uses. So long as recreation demands are not

bl .
great enough to create a conflict between recreation and the primary use, no

value per unit of use is necessary. Project evaluation is a matter of sum-

_ ming annual recreation benefits and primary benefits, However, once competi-

tion between the two uses is established, the economics of the allocation
deéisiﬁh‘kequirés that per unit values be established., This issue is one
o Al1l4 4 .

which few analysfs have addressed and which is a priority issue in water

research in Colorado.

Ahbther prbb]em“posed by instream uses is that they do not withdraw or
consuhé“water in'thé usual usage of'these terms. However, instream uses such
as mih%mUm'flow,QWildlife habitat, bower_generation and waste load assimila-
tion clearly can foreclose other economic uses. Water released from storage
to‘mafhtain minimum low may, for example, preclude water for irrigation and

munitiba1 withdrawals. In such cases a conflict, or competitive relation-

" ship, exists'and economic valuation requires a procedure for assigning value

per unit of use.

Traditional offstream uses require some unit measure of use in the pro-
- ‘.)'. .o B .
cess of evaluating alternative allocations. The choice here is typically
between withdrawal and depletion (consumptive use) but variations in annual

precipitation, rates of percolation, interdependence among users, and the
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like preclude any definitive statement as to which is generally appropriate.
Our contention is that the choice of the unit of "use" will depend upon the
“nature“and extent of physical and economic interdependence and the perspec-
t1ve of the decision maker and that the definition of use must be applicable
to both 1nstream and offstream uses. Thus we contend that a broad defini-
t1on of water use s appropriate for decision makers and define use as any

a,.)

a]terat1on in quant1ty, qua11ty, t1m1ng, and 1ocat1on of supply for economic

benefit o

Instream B Offstream Values. Another conceptual issue which must be

taken 1nto account by policy makers and analysts in water'resources is that

of 1nstream as opposed to offstream water value est1mates The problem here
- Jis s
1s that a11ocat1on dec1s1ons between 1nstream and offstream uses based upon
i
‘value est1mates 1n the two general categories may be 1nappropr1ate unless
RV

proper steps are taken to insure comparab111ty Two examples will suffice to
make the argument F1rst, water is a bulky commodity and thus is relatively

expens1ve to transport to offstream points of use. Offstream value estimates

o

wh1ch do not account for acquisition and transport will likely be inappropri-
vl

ate for compar1sons among offstream uses and certa1n1y for comparison between
R EFRTINE

1nstream and offstream uses. In the former case, two uses which are not of

\,..b

equal d1stance from the 1n1t1a1 point of diversion will have different trans-

RSN

portat1on costs If these costs are ignored a misallocation may occur
N \

because va]ue est1mates in the two uses are not comparable. An example would

.beitmoiaor]cuttura]muses, s1m11ar in every respect except distance from the
point'of diversion. Lack of conSideration of transport costs would likely
result in value est1mates which are equal between the two uses and thus an
equalnallocat1on of water between the two. If transport costs are included,

e

T IR R RTIN S
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the use closest to the point of diVersion would be the more valuable use sim-
ply because transportation costs would be Tower.

In the latter case, comparison between instream and offstream uses, the
same argument holds. Failure to include transportation costs in the process
of estimating values may give an unwafranted advantage to the offstream use.
‘In order to be comparable, valde_estimates for offstream uses must be
adjusted downward in an amount edua] to the costs of transportation.

A similar afgument applies to value estimates in casés involving varia-
.tioq in the qualityvof water necessary in alternative uses. The least common
denominator in water value estfmates ié the unprocessed water in the supply
soubcé. Here, both processing and transportation costs must be deducted from
site values for offstream use in order to have comparability between instream
and offstream values.

Short-run vs Long-run Values. One final conceptual issue confronting

water resource analysts and policy makers is that of shdrt-run vs long-run
values. The short run is characterized by fixity of certain resources and
sunk costs of these fixed resources are ignored. In the Tong run, all such
costs must be covered and‘thus short-run values may be significantly higher.
Each concept isvappropriate in certain cases. In-season .choice of the quan-
tity of.water to be applied to irrigated crops would use the short-run values
- while public investment in wafer supply should use the long-run concept. It
is, however, essential to avoid comparison.df value estimates based on one |

concept with estimates based on the other. Care must also be exercised

against q§jpg es;jgg;g§ based on one concept when the other is appropriate.

Comparability in Value Estimates. The issues raised above may be con-

veniently summarized according to a well-known precept in economics — compa-

rable prices require comparability in terms of place, time, and form.
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Specifying comparable shadow prices for water requires that values pef unit
which are conceptué]]y equiva]eht in terms of quality, time, and location.
This is, as pointed.out previously, no easy task, and presents a significant
challenge to analysts and policy makers charged with appropriate allocation
of a:scarce resource. It is our contention that most estimates of water'
values do not include adequate consideration of these factors and, as a
resuIt,hih‘appropriate estimates are often employed and/or decisions are
made in the absence.of sound economic analysis. |

e . G e e, .
P N B e R L S f'.g/ i

' Béhefit Evaluation“'

R fhévconventiona1 economic'appraisa1 of a water project attempts to
' determinévthe net.change in gross regional product (GRP) available to.the
state (or region)aas,a}result of the project. The key question is whether
~or noti:GRP will ‘increase enough to pay project costs and still leave the
~ state better off.than it was prior to the project. :The problem of benefit
estimation. in dealing with water projects is that of imputing a "shadow
price" or value estimate in the absence of markets to perform the function.
-viv.Water valuation:in:.practice uses severalmajor approaches or techniques.
These include: (a): the rare,. but not completely absent, observation of mar-
ket. transactions; (b) derivation of value from statistically derived demand
functions; (c) residual imputation and its Varfations; (d) alternative cost
véluation;u(e) user:surveys.: These techniques have béen.discussed elsewhere
(Gkay'and Young, 1974; Young and Gray, 1972) and they will not be addressed
in any detail here, with the exception of'item (c) which is often used and,
unfortunately, misused. |

Nt

ST R U e O TR R R i
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Residualtlmputation-~

AN

Shadow pr1c1ng us1ng the residual 1mputat1on technique is a means of
ass1gn1ng resource value by a]]ocat1ng the total value of output among each
of the factors used in product1on The method is decept1ve1y stra1ghtfor-vr‘
ward — 1f appropr1ate prices can be assigned to all inputs but one, and the

quant1t1es of a11 resources used can be 1dent1f1ed then the sum of the

i

pr1ce-t1mes quant1ty re]at1ons for the known resources can be subtracted from
the total value of output. The residual 1s imputed to the remaining resource. .
This technique rests on two major postulates (Heady, 1952). First, the

market prices of a11 resources except the one to be valued (water) are equal

h
. to the marg1na1 returns or va]ue marginal product of the resources. Second,

the tota] va]ue of output can be d1v1ded in such a way that, if each factor

is pa1d accord1ng to its marglnal return the total value of output will
be exhausted The method appears to be simple and straightforward. However,

St

there are some 1mportant 11m1tat1ons on the technique which must be recogn1zed.
‘ F1rst, one of the most important requirements is that all factors of pro-

duction be 1dent1f1ed and appropr1ate]y va]ued If certa1n factors are omit-

[

ted the returns to the omitted resource are imputed to the res1dua1 resource.

'and va]ue est1mates are inflated. This prob]em often emerges w1th respect

[N

to the management input and, say, fami]y 1abor in a farm operation.

Lt

Second, even 1f a]] variables are identified and included in the 1mputa-

t1on process there may be s1gn1f1cant problems assoc1ated with the market's

frd

fa11ure to appropr1ate]y ass1gn pr1ces to factors other than the one to be

Hoe o

shadow pr1ced Errors in va1u1ng these resources will, of course, lead to
el 5.' ' :

errors in imput1ng value -to the residual resource (water) Similarly, dis-

tortion of true market prices via government intervention, as in the case
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gf;gyppqrts, will bias the residual imputation process.

'In sum, residua] imputation can be effectively used, particularly in
situat%ons'whefé water is a substantia] input in the production process, if
the above shortcom1ngs are recognized and are taken 1nto account. Improve-
ments in mathemat1ca1 programm1ng technlques and data bases have improved

the re51dua1 1mputat1on process for value estimation.

LT U T s s

Regional "Value-Added Approach”
to Va]ue Est1mat1on

L L/L’i B S R S

The: residual -imputation technique and variation of it are commonly used
tnrshadpwapricing;{.However, there is one approach whichappears similar in
. construct, and which its practitioners have presénted as an appropriate
method: for va]uing the generally unpriced water .resource (Olson and Hibdon,
1980; WOllman, 1963 Bradley and Gander, 1968; Lofting and McGauhey, 1968).
We, however, question its general validity. .

This approach, which.we term the "valueéadded}approach,” rests on the
_basis«provided by the widely used Leontief or input-output model (Richardson,
1972).: It isuappealing,hgiven the existence of a state or regional input-
outputamodel. because.of ifs simplicity in formulation. Following conventional
natatien.lets . - i | |

o c;X .= value of. purchases from production sector i by sector j.

iJ
Zjuuﬁwvaluehof<pn1many purchases by sector J where ZJ = V + M and
RER R Ta Vj.shtota]yvaluevadded by sector j and Mj = value of imports by
il Loosector:d. o

u‘\qxj»rahtota1avaIUe of purchases bylsector,j or gross outlays.

The .purchase .transactions by any"sectorvj. expressed in value terms, are
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O Sucpory . AR
- z Kig + g M. - o (2)
".'."10’&‘.;, . 'l . J . R A . . . '
:Ihe;vj:element.jn;(]);is usually a compositeof the several primary resources:
.wages and salaries,. profits (which will include rents to primary natural
reSources),4interest,.and certain taxes. We can now'approximate gross regional

income as

GRIo.= xj- inj - M' = Vjc . | : ‘ ! : (3)

The value added 1mputat10n process for sector J rests on the calculation
by [N (N .

of |

I WER JRRPAI § TR AT BRI A IR TR

(TR I :"\.'iLP o = Vj/wj T . | . ‘ . . e : (4)

All.‘.

where P 7 = imputediValuelof water to sector j‘and wj-= units of water con-
sumed by sectorjj “'Thelimputation process is, at first glance, quite similar
to that d1scussed 1n the residual imputation approach outlined above. How-
'.ever, there is one 1mportant d1fference and that is in the def1n1t1on of
value—added S1nce va]ue-added is generally an aggregat1on of the factors
c1ted ear11er. the re51dua1 1n th1s case includes not only the contribution
of water to the value of output, but the contribution of all primary resources.
Atthibdtihg the'vetueQadded to water (4) implicitly aSsigns a zero shadow
price to the'otheh'prfmary resources and thus ignores the fact that resources
other than hater:are‘scaree. Assign1ng zero opportunity cost to other primary
‘resources by 1mp11c1t assumpt1on 1s quest1onab1e and too often results in
water value est1mates which greatly overstate the true contribution of water
to net reg1ona1 output. The value-added imputation process can lead to con-

ceptually correct. results only if (1) extreme care is taken to disaggregate
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value added so that the contribution of all other:primary resources is em-
piriqal]y identifiéd, or (2) if the assumptionthat the opportunity costs of
| the other primary factors is zero is verified.

By way of driving home our point, we note a curious reversal of the
meanings: of costs and benefits can be seen to have occurred in the value-
added approach. Expenditures for resources in the value-added element of
the model havé been transformed as if by magic from costs into benefits.
For example, wages and salaries paid for scarce labor resources become,
rather thah”a'cdsf>of production, a bgnefit of water resource development.
But these:resources-mdét,be.paid for from revenues and a. further surplus be
available for the development of a water resource project to leave the region

i better off than it was without the investment.

Conclusion

W F e
.. .While recognizing the return to the region's primary resources may be

an attractive criterionto regional pTanning agencies, we challenge the general
appTicabi]ity ofuthehapproach.;.d'Arge'(1970) in another New Mexico study has
provided the most carefully réasoned jusﬁification of the value-added crite-
rion.for water allocation. He assumed water to be absolutely scarce relative
to all.other resources, applyinga criterion proposed ear]ier‘by Kahn (1951).
This.is asserted to justify the implication that the social opportunity cost
of 1abor and other primary resources is iero. If this is in fact true, then

| the maximum net sbcia] product derived from the scarce water resource would
indeed: be properly measured by value added. However, even if water is very
scarcevin..the arﬁdeestern.United States,'fhat fact does not appear to war-
rant. the further leap to an assumption of zero opportunity cost of labor and ‘

other. primary resources. Such a position is tantamount to assuming that a
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significant portion of the‘"associéted costs" of a water resource project
have no alternative -uses during:the life of the project. We believe this
1mplicit'assumpt16n would be Fea]istic for a state or regioﬁal planning agency
only in the most unusual of cases (i.e., in a developing economy with high
'permanentﬁunemployment).(-Thus, we jddge it questfbnab]e that even a regional
planning. authority should ignore the alternative cost of primary fesources
other thanhwatervinvits,a11ocation decisionsv(although we readily concede
that suchTassumpfions often characterize the'pronouncements.and behavior of
agenices. of thiSosort)lv ’

We.conclude that a state or basin agency evaluating a water project on
v the basis of benefits measured in terms of a value-added concept will unfairly
‘ inflatecthe retqrnsuto a public investment program in comparison to the poten-
tial gains from alternative uses of the same investment funds. In what we
feel to be the typical-case, primary resources other'than water are also
scarce ‘and valuable in alternative Qses, in regional cqntexts as well as
from thevnationaT&énd private perspective. If so, primary regidnal income
per unitiof.water use .as a measuré,of‘valqe resuits in'éstimate§<which may
be*severalutimes too\hfghffrom‘éifher‘thé private or the national accounting
perspective. . Thus,. the use of thelregional'value—added criterion appears

appropriate on]yﬂunder quite limited conditions (if ever).
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