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JB STRACT

Alternative Economic Evaluation Procedures and Water Development
Projects. The lIultiple Objective Problem

The relationship among varying social objectives iS of paramount import-
ance with regard to evaluation and cost allocation processes in water resource
use, development, and management projects. This study examines the philosophi-
cal and ethical base underlying proposed procedures for dealing with the multi-
ple objective problem. The specific objectives of the study were (1) to account
for the evolution of the multiple objective function, (2) to identify the rela-
tionships among objectives in water resource development, and (3) to identify
the effect of relationships among objectives on the ultimate value of the trade-
off ratio as well as the calculation process.

Several legislative documents relating to public intervention in water
resource development were reviewed in an attempt at accounting for the evolu-
tion of the multiple objective function, and at identifying the relationships
among objectives. It was concluded that the multiple objective function was
prevalent even in early legislation. Only the elements of the function have
changed over time. The relationships among objectives, however, have not
been made explicit. A tentative framework is presented which provides in-
sight into the effects of various types of relationships on the ultimate value
of the trade-off ratio and the trade-off calculation process. Decision rules

and techniques involving trade-offs will have to be quite sophisticated, given
interdependent relationships among objectives.

Gary D. Lynne, Emery N. Castle, and Christopher Gibbs, Alternative Economic
Evaluation Procedures and Water Development Projects: The Multiple Objective
Problem," Research Project Completion Report to the Office of Water Resources
Research, Department of Interior, January 1969, Washington, D.C., 40 pages.

KEYWORDS: Uultiple objectives, trade-of fs, interdependencies, relationships

among objectives
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I. *

ALTERNATIVE ECONOMIC EVALUATION PROCEDURES
PD WATER DEVELOPNT PROJECTS; THE

MULTIPLE OBJECTIVE PROBLEN*

INTRODUCT ION

The relationship among varying social objectives is of paramount importance

iith regard to evaluation and cost allocation processes in water resource use,

development, and management projects. This report details the work accomplished

to date in the examination of the philosophical and ethical base underlying pro-

posed procedures for dealing with the multiple objective problem.

The concept of a multiple objective function has evolved over time because

of explicit recognition of objectives other than economic development. Multiple

objectives have always been a part of the planning and justification process in

public intervention; historically, however, multiple objectives were implicit

and kept behind the veil of the economic development objective. In recent years,

as evidenced by proposals of the Special Task Force on Evaluation Practices of

the Water Resources Council [48], attempts have been made to make multiple ob-

jective considerations explicit.

Recognition of a multiple objective function is based on a deeper realiza-

tion that there are umoneyn and ttnon_moneyI valued benefits (and costs). Not all

objectives can be reduced to monetary terms (or to non-monetary terms) to allow

comparison of objectives on the same basis. This problem of non-commensurable

benefits (and costs) is commonly referred to as the multiple objective prob-

lem [26]. The solution to this 'problemt has generally been discussed in terms

of calculating utrade_offsu.

The contention of most writers on the topic is that the "multiple objective

*
The research results reported herein constitute work completed under a two-year
grant from the Office of Water Resources Research. It became apparent in lat-
ter stages of the study that definitive research results could not be obtained
within time and financial constraints. As a result, further research, stimu-
lated by the tentative results of this project, is in progress.



problem" will be solved as soon as analysts are able to evaluate all benefits

(and costs) on the same basis; I.e., find a common denominator for measurement.

If this cannot be accomplished (and it probably cannot), analysts still could

feel comfortable with establishing trade-offs between money-valued benefits and

non-money valued benefits, as long as the non-money valued benefits are measure-

able in some sense.

A major point seems to have been missed in attempts to deal with the "mul-

tiple objective problem'7 via trade-off calculations. Certainly, methods must be

developed to either find the coon denominator or to compare objectives that

are admittedly non-commensurable, in order that rational, consistent decisions

can be made regarding water resource use, development, and management projects.

It seems, however, little progress can be made toward improvements in the deci-

sion process until explicit recognition is made of the type of relationships

prevailing among alternative objectives. Trade-off calculations among objectives

may be misleading If objectives are not independent in their achievement. The

proponents of trade-off calculations have not been explicit in recognition of

possible differences in the type of relationships among objectives.

Several legislative documents relating to public intervention in water re-

source development were reviewed in an attempt at accounting for the evolution

of the multiple objective function, and at identifying the relationships among

objectives)' A theoretical base, useful in identifying and classifying particu-

lar types of relations among objectives, was also developed.

The Acts selected for review include most of the major water and related

land legislation passed since the middle 1800's. Several Acts not specifically

related to water and related land development were selected from a list by Gidez

[28, pp. 1-2]. According to Gidez, these Acts (all of which were instituted in

the 1960's) are indicative of shifting priorIties" (with regard to objectives

in water resources development). Also, "what we have done in the past has not

been sufficient, and here Is how we will do it" [28, p. 1].

A major assumption guiding the review was that stated objectives were, in
fact, real social objectives this assumption may not be the case, but was
a necessary assumption in this study.
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The Acts reviewed included three sequences of legislation, namely.

1. the Homestead and Desert Land Acts,

2. the Irrigation and Reclamation Acts,

3. the Flood Control Acts.

Other selected Acts relate to water quality, recreation, environmental quality,

regional development, and project analysis and planning.
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EVOLUTION OF THE IflJLTIPLE OBJECTIVE FUNCTION

Initial. examination of various legislative Acts made it apparent that

there were at least two distinct classes of objectives, natnely

1. the class of broad, socially desirable objectives, such as
national prosperity, national security, etc.,

2. the class of more concrete objectives such as irrigation,
flood control, improvements in navigation, water quality
enhancement, recreation facilities, etc.

The attempt at identifying the evolution of the multiple objective function

involved discovering the broad based social and more concrete objectives as

specified in each Act.

Homestead and Desert Land Acts

The Homestead Act was the first in a series of Land Acts to eventually

affect water resource development. This Act grew out of the desire to give

free land grants in order to.

1. acquire, settle, secure, and retain new territory,

2. promote national prosperity (the belief was current
(28, p. 351] that "private earnings invested in land
improvement was as advantageous to the public good as
though they should be paid directly into the treasury'S),

3. promote human welfare by giving land to the poor.

The objectives were partially achieved when the Act was passed in 1862.

The development of the Homestead Act of 1862 was a lengthy process, ham-

pered by the issue becoming intimately entwined with the anti-slavery movement.

Passage of the Act did give settlers up to 160 acres of land, free of charge

except for a fee for filing a claim. The title was transferred after 5 years

of settlement. In the early years of the Act, the settlers were genuine home-

steaders wanting farms. During the last 20 years of the nineteenth century,

through the perverted use of the cotmnutat ion clause in the Act, large private

land holdings resulted. The Homestead Act functioned simply as a lever, pricing

public land onto the open market at a low fixed price. The promotion of this

activity was one of the principal weaknesses of the Act.
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The 160-acre land grant was considered too small to provide a basis for a

family farm in semi-arid areas. Hence, the first Desert Land Act of 1877

authorized reclamation of up to 640 acres by 'conducting water upon the same"

within three years of registration and payment of a fee of twenty-five cents

per acre (9, p. 377]. A patent was issued upon 'proof of reclamation and pay-

ment of one dollar per acre" (9, p. 377]. All lands (excluding timber and

mineral lands) which would not produce some agricultural crop unless irrigation

water was provided, were considered to be "desert lands". The Act encouraged

private irrigation developments and became one of the 'signifIcant measures

adopted ostensibly to aId settlers in gaining ownership of the land and timber

they needed" [27, p. 231]. Specific provisions were, however, "commonly used

by larger economic interests for speculative purposes in violation of the re-

strictions of the law' (27, p. 231]. Owing to its loose construction and the

possibility of broad interpretation, the Act was open to abuse. It provided

a convenient means of acquiring title to land. Land that was "irrigated", but

not necessarily cultivated, could be gained cheaply and in large blocks. Yet

the Act was not suited to corporate enterprise or reclaiming large valleys [37].

Irrigation and Reclamation Acts

The Irrigation and Reclamation Act of 1888 [30], which was designed to

restrain abuse of the Desert Land Act of 1877 by declaring a moratorium on cer-

tam clai.ms, most clearly states the broad objectives which permeate this Se-

quence of legislation. The Act was aimed to "permit by means of irrigation

(to) render fertile . . . a large portion of the unoccupied public land

(capable of) supporting a large population . . . thereby adding to the nation's

wealth and prosperity" [30, p. 618]. The legislators, therefore, appeared to

have confidence itt a chain of causation, running from Irrigation to population

growth to growth of national income.

The next step in promoting irrigation in semi-arid areas was the Carey Act

[3] of 1894, which encouraged states to take leadership in irrigation develop-

ment. This Act proposed to aid reclamation, settlement, and cultivation, and

gave permission to irrigate and reclaim up to one million acres in each of the

public land states. The language of the Act was noticeably more explicit with

regard to concrete objectives and restrictions on its use. To qualify for

approval, a state must demonstrate a map of the land to be irrigated, the mode
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of irrigation to be used, the source of water, and the sufficiency of water to

reclaim, irrigate, and raise ordinary crops.

The Carey Act was not a great success. According to licKinlay (36, p. 114],

"the application of the Carey Act resulted in many failures because of improper

engineering surveys, and because of financial Inadequacy." Ninety percent of

the private irrigation companies wt.re at or near bankruptcy by 1902 (38]. De-

spite the low success rate, it took the strong advocacy of Theodore Roosevelt

to precipitate the movement culminating in the Irrigation and Reclamation Act

of 1902. In the State of the Union speech of 1901, Roosevelt proclaimed that

great storage works are necessary to equalize the flow of streams and save the

flood waters. Their construction has been conclusively shown to be an under-

taking too vast for private effort. Nor can it be best accomplished by the indi-

vidual states acting alone . . . the Government should construct and maintain

these reservoirs as it does other public works . . . the lands reclaimed by

them should be reserved by the Government for actual settlers, and the cost of

construction should, so far as possible, be repaid by the land reclaimed' [44,

pp. 6656-6658].

The Irrigation and Reclamation Act of 1902 was a landmark, for It signaled

the first national conservation policy. The Act provided for a wide base of

ownership and an opportunity for a large number of people [31]. All money col-

lected from the sale of public lands (except for 5 percent of the receipts set

aside for educational purposes) was appropriated as a special fund in the trea-

sury, the reclamation fund. The money was 'to be used in the examination and

survey for, and the construction and maintenance of, irrigation works for the

storage, diversion, and development of waters for the reclamation of arid and

semi-arid lands" [31, p. 388]. The Act also permitted public entry to the irri-

gated land in tracts of 40 to 160 acres (under the provisions of the Homestead

Act), 'an acreage required for the support of a family upon the lands in ques-

tion" (31, p. 389]. Charges were to be determined with a view to returning to

the reclamation fund the estimated cost of construction, and should be appor-

tioned "equitably" (31, p. 3893. Ownership of irrigation works was originally

intended to pass to the owners of the irrigated lands when payments for the ma-

jority of the lands had been made. Facilities were to be maintained at owner ex-

pense under an organization and rules acceptable to the Secretary of the Interior.
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The Act did not discriminate between settlers on formerly public lands and own-

ers of private lands however, stress was placed on the section limiting irri-

gation benefits to no more than 160 acres for any one landowner. The acreage

limitation was prompted by the failure of previous free land' bills to prevent

speculation in land. There was fear that returns from large irrigation works,

erected at public expense, would benefit those few who had acciulated large

blocks of irrigable land prior to 1902.

The Irrigation and Reclamation Acts of 1888 and 1902 were the first two Acts

of a series of 29. The majority of subsequent Acts were designed to make minor

changes in the Act of 1902. For example, the size of holding was permitted to

fall below 40 acres, and provision was made for townsites in irrigation develop-

ment areas. Also, the Secretary of the Interior was permitted to negotiate with

both individual landowners and water users' associations. During times of eco-

nomic hardship, financial restrictions and repayment schedules were relaxed.

A total of seven Acts passed Congress in the early 1920's to alleviate financial

problems.

The most significant change in legislation, aimed at preventing project

failures by more careful planning, was the 14th Act in the series [32). This

Act repeated the demand that plans for irrigation projects must be approved by

the Secretary of the Interior, show a sufficient water supply for the raising

of ordinary agricultural crops, give detailed engineering data, and demonstrate

overall project feasibility.

The 25th Act in the series first made 'economic viability" (however this was

computed) a condition for project approval [33]. This Act was also the first to

state explicitly the multiple objectives of conservation, irrigation, drainage,

and flood control. The Act authorized the Secretary of the Interior to "execute

an agreement with the Uiddle Rio Grande Conservancy District providing for con-

servation, Irrigation, drainage, and flood control for the Pueblo Indian lands

in the Rio Grande Valley, New lIexico, and for other purposes" [33, p. 312]. The

Act proposed cost-sharing between the Indians and the public, based on the acre-

age benefited, including only "lands feasibly susceptible of economic irrigation

and cultivation" [33, p. 312].
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The Salt River Reclamation Project Act (451 marked the turning point for

hydroelectric power generation as a prime project objective. The power plant

on the Salt River, Arizona, was established in 1906 to assist in financing the

project. The 1922 Act authorized the Secretary of the Interior to sell surplus

power, giving preference to municipal users, provided project efficiency was

not impaired.

The activities of the Bureau of Reclamation changed most dramatically with

the Boulder Canyon Project Act of 1928 [2]. Attention moved from irrigation to

true multi-purpose planning. The Act authorized the construction of works in

order to control floods, improve navigation, regulate flow of the river, permit

storage and delivery of water for land reclamation, and generate electrical

power. In addition, the following ranking of project objectives was to be used

in time of conflict:

1. river regulation, the improvement of navigation, and flood
control,

2. irrigation and domestic water uses, and the satisfaction of
existing claims and perfected water rights,

3. generation of electrical power.

The Reclamation Project Act of 1939 was designed to provide a feasible

and comprehensive plan for the variable payment of construction charges on U.S.

reclamation projects (43, p. 1187]. The Act was intended to make special allow-

ance for fluctuations in the economy and solve repayment problems arising from

them. In order to lay down the rationale underlying the repayment plan, the Act

went into considerable detail outlining the various objectives contained in any

one project. To be authorized, a new project, or an addition to an existing

project, must have:

1. engineering feasibility,

2. repayable and returnable allocations equal to the total
estimated cost for the following items

a. irrigation,

b. electrical power,

c. municipal water supply,

d. flood control,

e. navigation,

f. other purposes.



Irrigation was considered to be the paramount objective, for no other uses of

water were permitted under the Act if they interfered with the efficiency of

the project for irrigation purposes.

Flood Control Acts

The Flood Control Act of 1917 (13] was the first of a sequence of 27 pieces

of legislation, the most recent being the Flood Control Act of 1968 [25]. The

1917 Act was designed to resolve specific flood control problems on the Mississippi

River and on the Sacramento River, California. Also, general guidelines were

provided for future flood control projects. The stated aim of the legislation

was to permit the "controlling of floods, removing the debris (from rivers), and

continuing the improvement" [13, p. 949]. All project examinations were to in-

clude reports on

1. the probable effect of flood control measures on any
navigable water or waterway,

2. the possible economical development and utilization of
water power,

3. "other such uses as may be properly related to, or
coordinated with, the project.

Flood control, navigation, and water power development were specifically included

in the Act as legitimate multi-purpose objectives.

The drainage of lands" was included in the Flood Control Act of 1920, the

second act in this series (14]. Following this, the Act of 1921 (15] authorized

a "plan for the protection of river basins from . . flood waters . . . consis-

tent with all other interestst [15, p. 1354]. The geographical unit of interest

was extended to the river basin, which permitted more comprehensive planning.

Emphasis in the Act of 1928 [16] was placed on the "soundness" of the prin-

ciple that there shall be local contributions for flood control protection. This

was based on both the special interests of the local population in its own pro-

tection, and the prevention of requests for large sums for works of no material

national interest. No local contribution was required, however, "in view of

the national concern in control of floods in the interests of national prosper-

ity, the flow of interstate coimnerce, and the movement of the mails, and in

view of the gigantic scale of the project(s) . . ." [16, p. 535].
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The next major Act in this sequence was the Flood Control Act of 1936,

which contained the most comprehensive declaration of policy for public works

for flood control to that time [171. "It is hereby recognized that destructive

floods . . . causing loss of life and property, including the erosion of lands

and impairing . . . navigation . . . and other channels of commerce . . . con-

stitute a menace to national welfare; that it is the sense of Congress that

flood control on navigable waters . . . is a proper activity of the Federal

Government in cooperation with States . . . (and) Federal Government should

improve or participate in the improvement of navigable waters . . . for flood

control purposes, if the benefits to whomsoever they may accrue are in excess of

the estimated costs, and if the lives and social security of people are other-

wise adversely affected" [17, p. 1570].

The 1936 Act introduced the benefit-cost concept, and made a strong case

for public intervention for flood control. Justification for public interven-

tion appeared to be synonymous with justification for public investment. The

motives for intervention were broadened in 1937 to include water-flow retarda-

tion [181, and in 1939 to include tidal effects as a source of flooding [19].

The Act of 1941 [20] not only repeated the multi-purpose outlook, but also

broadened it to include pollution abatement. The Act authorized works to allow

for "full utilization of the site for all purposes of conservation, such as

flood control, navigation, reclamation, the development of hydroelectric power,

and the abatement of pollution" [20, pp. 638-639]. The authorization of certain

works was made in the interests of national security and the stabilization of

employment.

The first mention of construction, maintenance, and operation of public

park and recreation facilities in reservoir areas appeared in the Act of 1944

(21]. The lands were to be open to the public without charge, for "boating,

swimming, bathing, fishing, and other recreational purposes" [21, p. 8903.

The 1958 Act authorized the extension of flood control projects to include

beach erosion and the eradication of certain aquatic plants from navigable

waters. This latter aim was stated to be "in the combined interest of navigation,
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flood control, drainage, agriculture, fish and wildlife conservation, public

health, and related purposes, including research" [22, p. 3003.

The Flood Control Act of 1962 [23] contains a section app1yng to a particu-

lar geographical location, Alaska. Section 204 authorizes a project in order to

develop "hydroelectric power and to encourage and promote the economic develop-

xnent of, and to foster the establishment of, essential industries in the State

of Alaskan [23, p. 11931. A further broadening of the scope of Flood Control

Acts was the promotion of regional objectives.

Further recognition of peculiar regional requirements is contained in the

Act of 1965 [24], where Congress recognizes the water supply problems of the

northeastern United States and large metropolitan areas. This Act also recog-

nizes public responsibility not only for water storage, but also for conveyance

and purification.

A slight change was made in Federal flood control policy with passage of

the National Flood Insurance Act of 1968 [39]. In addition to providing insur-

ance, effort was to be directed toward flood plain management, with restricted

development of land in potential flood damage areas. Previous Acts had dealt

only with controlling flood waters to protect, rather than restrict, develop-

ment in flood plains.

Prior to 1968, the only Acts of significance, relative to estuary waters,

were related to flood control. The Estuarine Act of 1968 changed that policy.

The purpose of the Estuarine Act was to facilitate determination of the proper

balance between conservation and development in the estuaries of the nation.

The prop balance was to be determined such as "to further growth and develop-

ment of the nation" [11, p. 626]. The phrase growth and development", as used

in the Act, was to encompass wildlife and recreation, ecological, and esthetic

values, in addition to "the value of such areas (estuaries and estuary zones)

for more intensive development for economic use" [11, p. 626].

Regional Development Acts

Regional development considerations became especially apparent in Federal
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policy of the middle 1960's. Regional development objectives were made explicit

with two Acts passed during that period.

The purpose of the Appalachian Regional Development Act of 1965 was "to

provide public works and economic development programs, and the planning and

coordination needed to assist in development of tha Appalachian region" (2,

p. 5]. The specific objectives of the Act were to improve the economic and

social well-being of people in the Appalachian region. Economic efficiency cri-

teria were to be utilized in project justification within the region. "Public

investments made (in the region) shall be concentrated in the areas where there

is significant potential for future growth, and where the expected returns on

public dollars invested will be the greatest" [1, pp. 5-6].

Several other factors, however, in addition to maximum economic efficiency,

were to be considered in project justification. The factors were [1, p. 183.

1. the relationship of the particular project to overall develop-
ment of the region,

2. the population to be served; i.e., per capita income and un-
employment rates of the population in the particular area of
the region to be served,

3. the financial resources of the state or other organization
planning to undertake the project,

4. the importance of the project or class of projects in relation
to other projects or classes of projects which may be in compe-
tition for the same funds (italics added),

5. the prospects that the proposed project will improve, on a con-
tinuing basis, the following: (a) opportunities for employment,
(b) average level of income, or (c) economic and social develop-
ment of the area served by the project (italics added).

The factors mentioned in Items 4 and 5 allowed evaluation of a project on the

basis of criteria other than economic efficiency. Economic development, however,

remained the primary objective of the Act, and economic efficiency criteria were

emphasized. The implication was that improved social well-being was accomplished

through economic development, within some constraints.

Emphasis was also given to regional development in the Public Works and Eco-

nomic Development Act of 1965. The policy, as a basis for the Act, was stated
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as "the Congress declares that the maintenance of the national economy at a

high level is vital to the best interests of the United States. . .' [42, p.

552]. The 'maintenance of the economy at a high level" was associated with

regional economic development in the Act. It was specified that "the Federal

government, in cooperation with the states, should help areas and regions of

substantial and persistent unemployment and under-employment to take effective

steps in planning and financing their public works and economic development"

[42, p. 5521.

Funds provided for public works and economic development were to be used

to provide new employment opportunities. Jobs were not to be transferred from

one area of the United States to another; thus, a concern was expressed for

distributional aspects among regions. In addition, concern was expressed for

the distribution of benefits within the region. Expenditures in the region

were to create "new employment opportunities.t' Primary emphasis ias directed

toward affecting the long-term unemployed and members of low-income families.

The distribution of population (among regions and within regions) and

social development were also of concern. Regional development should occur

when the rate of outmigration of labor (or capital) was 'substantial". The

level of housing, health, and education facilities in the region must not be

"substantially below' the national level; development should proceed if the

"substantially below' requirement was met. Regional Development Counnissions,

established by the Act, were to insure consideration of ". . . the economic

and social development of the area served by the prOject" [5, p. 566).

Recreation, Water Quality, and
Environmental Quality Acts

The purpose of the Federal Water Project Recreation Act of 1965 was "to

provide uniform policies with respect to recreation and fish and wildlife bene-

fits and costs of federal multiple purpose water resource projects, and for

other purposes" [12, p. 213]. Emphasis was placed on guarantecing full con-

sideration of the potential for outdoor recreation and fish and wildlife en-

hancement during the evaluation of proposed water resource projects.

Benefits from recreation and/or fish and wildlife enhancement may be
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considered in project justification only if the local intent was to bear one-

half the separable costs and all operation, maintenance, and repair costs. This

requirement must be met in all projects evaluated after 1965. There were, how-

ever, two exceptions. Benefits from recreation and/or fish and wildlife en-

hancez not receiving local financial support can be used in project justifi-

catir if (1) facilities result from satisfying other purposes, or (2) minimum

facilities are necessary to public health and safety. In both cases, value is

to be determined on the basis of visitor days. My area not developed for recre-

ation and/or fish and wildlife enhancement, in conjunction with other develop-

ment allowed with a project, may be improved in later years. In general, the

Act allows and encourages maximum recreation and fish and wildlife enhancement.

The Water Quality Act of 1965 provided for changes in the Federal Water

Pollution Control Act. The changes allowed the establishment of the Federal

Watcr Pollution Control Administration, provided funds for research and develop-

ment, provided additional funds for sewage treatment facilities, and required

the establishment of water quality criteria [47, p. 9031. The objectives of the

original Act were also modified. The followIng statement was added: The pur-

pose of this Act is to enhance the quality and value of our water resources and

to establish a national policy for the prevention, control, and abatement of

water pollution" [47).

The Clean Water Restoration Act of 1966 provided for further changes in the

Federal Water Pol1uton Control Act, and for changes in the Oil Pollution Act,

1924. The major change in the Federal Water Pollution Control Act was emphasis

placed upon the effects of pollution In estuaries and estuarine areas. The

effects of pollution on all "beneficial purposes" were to be ascertained in

comprehensive studies. Specific attention was to be paid to the effect of

"demographic trends . . . exploitation . . . development . . . and navigationt!

on pollution In estuaries [8, p. 1247). The most significant change in the Oil

Pollution Act, 1924, was a shift in emphasis. The main purpose of the original

Act was "to protect navigation . . * by preventing the discharge of oil . . .'

[41, p. 604]; the emphasis in the amended Act was shifted to the effects of

pollution on the environment [8, p. 1253).

14 -



inother Act related to the quality of water was the Wild and Scenic Rivers

Act of 1968. The purpose of this Act was to preserve "certain selected rivers

for the benefit and enjoyment of present and future generations" (54, p.

9061. The Act was directed toward environmental quality maintenance; "the

established national policy of dams and other construction at appropriate sec-

tions of the rivers of the United States needs to be complementedt'
(italics

added). Selected rivers are to be preserved "to protect the water quality" (of

such rivers) and "to fulfill other vital national conservation purposes" (54,

p. 906].

The potential uses of rivers and related land areas proposed for preserva-

tion must be compared to the "worth" of such areas in the wild and scenic rivers

system. The only criteria specified in the Act required that the Secretary of

the Interior "shall evaluate and give due weight" to recommendations from all

affected Federal agencies [54, p. 910].

The National Environmental Policy Act of 1969 was oriented toward environ-

mental quality aspects. The purposes of the Act were (38, p. 852]:

1. to declare a national policy which will encourage productive
and enjoyable harmony between man and his environment,

2. to promote efforts which will prevent or eliminate damage
to the environment and biosphere, and stimulate the health
and welfare of man,

3. to enrich the understanding of the ecological systems and
natural resources important to the nation,

4. to establish a Council on Environmental Quality.

The general purpose of the Act was to improve hnman welfare. In the sec-

tion of the Act on administration, it was specified that "all Federal agencies

shall identify and develop methods or procedures . . . which will insure that

presently unquantified environmental amenities and values be given appropriate

consideration in decision making, along with economic and technical considera-

tions" [38, p. 8531. In addition, the Council authorized by the Act shall "be

conscious of and responsive to the scientific, economic, social, esthetic, and

cultural needs and interests of the nation." Further, "the Congress declares

that it is the ccntinuing policy . . . to use all practicable means . . . to

improve the general welfare . . . to create and maintain conditions under which
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man can exist in productive harmony with the environment, and fulfill the

social, economic, and other requirements . . . [38, pp. 852-854]. It seems

the multiple objective function was to be part of the "continuing policy" of

the Congress.

The Environmental Quality Impro

to the National Environmental Policy

was to assure implementation of laws

hancement of environmental quality.

staff was authorized for the Council

1969 Act (3, p. 114].

clement Act of 1970 is very similar in nature

Act of 1969. The purpose of the 1970 Act

enacted prior to 1970, relative to the en-

Further, a professional and administrative

on Environmental Quality created by the

The statement of Congressional policy relative to the enactment of the Act

was, ".
. there is a national policy for the environment which provides for

the enhancement of environmental quality" [3, p. 114]. The "findings" of Con-

gress, as a basis for the Act, were (38, p. 114]

1. that man has caused changes in the environment,

2. that many of these changes may affect the relation-
ship between man and his environment,

3. that population increases and urban concentration
contribute directly to pollution and degradation of
the environment.

Planning and Project nalysis Acts

The Water Resources Planning Act of 1965 provided support for planning the

optimum development of the nation's water and related land resources. Financial

assistance was provided to establish river basin planning commissions. Plan-

ning was to be conducted with state participation. The policy, as a probable

basis for the Act, was noted as "to encourage conservation, development, and

utilization of water and related land resources of the United States on a com-

prehensive and coordinated basis . . ." (53, p. 244]. The creation of the river

basin commissions gave substance to a felt need for comprehensive and coordinated

water planning.

Guidelines for project analysis were provided in the "Green Book" [29].

The setting for economic analysis of project effects is viewed as '. . . one in
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which, over the long run, an expanding economy will require increasing amounts

of goods and services to satisfy increased needs resulting from population

shifts and growth and higher levels of living" [29 1. Guidance was provided

regarding the application of principles of approval to the following project

purposes: irrigation, drainage, flood and erosion control for the development

of agricultural land, flood control, navigation, electrical power generation,

recreation, fish and wildlife, and water pollution control. Attention was

focused on the concrete components of multi-purpose projects. The broader objec-

tives of development were largely ignored, and the guidelines disregarded local

and regional objectives that may have been different from long-run national

goals.

Senate Document 97 [46] contains a Section II, "Objectives of Planning",

where a list is provided of 'those things which appear to be important end pro-

ducts of natural resource management . . . (However) it is doubtful that this

portion of the report will provide much guidance to planners as they come to

grips with difficult applied problems" [7 p. 695]. The objectives are listed

under three headings: development, preservation, and well-being of people.

This was a change over the "Green Book", for a verbal explanation and justifica-

tion of the latter two headings was permitted. No guidance, however, was pro-

vided for the resolution of conflicts among objectives within the multiple ob-

jective function.

The amendment of the planning objectives in Senate Document 97 was recom-

mended in the "Blue Book" [48]. The effects of water and related land develop-

ment are to be displayed in a system of four accounts, one relating to each of

the following classifications: national income objectives, regional development

objectives, environmental objectives, and well-being objectives. No indication

was made that one account should receive relatively more or less emphasis than

any other: it was requested, however, that explicit recognition be made of

all project objectives in project planning and implementation. The multiple ob-

jective function was to be made explicit.

The recommendations represented in the "Blue Book were subjected to criti-

cal review by several universities, state and federal water officials, and the
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public, after the release of the Task Force report in 1969 [50, p. 2]. A

total of 19 tests of the proposed evaluation procedures 'iere conducted prior to

July of 1970 (49]. Recommendations from these tests and inputs from many other

sources were considered in the development of the current documents regarding

principles and standards [51, 52). The major theme of the Task Force report

seems to revolve around the statement, "Planning in the future must give ax-

plicit recognition to important values which have, largely, gone unrecognized

In the past" [50, p. 10).

The principles and standards for planning water and related land resource

use and development projects reflect the Task Force conclusion that such plan-

ning 'can best be carried out in the context of four broad objectives" [50, p.

4]. The objectives were stated somewhat differently than in the 1969 report,

due to some refinements from the many hearings, tests, and reviews. The four

objectives of water development projects were defined to be [50, p. 5]

1. to enhance national economic development,

2. to enhance the quality of the environment,

3. to enhance social well-being,

4. to enhance regional development.

Plans may be explicitly developed to emphasize any one of the objectives, rather

than to place emphasis entirely on national economic development [50, p. 6).

The Task Force recommended that trade-off calculations be used to guide

decisions, rather than the one measure used previously, namely the benefit-cost

ratio (50, p. 7). Alternative plans are to be developed, each having different

levels of achievement of the stated objectives, such as to facilitate the calcu-

lation of trade-offs. The multiple objective function is recognized fully as

a viable concept.

Recent action on the proposed guidelines for planning water and related

land resources has included publishing a detailed "Summary Analysis of Public

Response to the Proposed Principles and Standards for Planning Water and Related

Land Resources" (40, p. 1). The bulk of the response relates to particular

aspects of the report; the concept of a multiple objective function seems

acceptable to most reviewers.



A summary of the Acts reviewed, and the objectives explicitly mentioned

in each Act, is presented in Table 1. Again, it is important to note that these

were stated objectives, and do not necessarily reflect social objectives or

objectives actually accomplished

Recognition of quantifiable and non-quantifiable (in money terms) objectives

is apparent as early as 1862. The Homestead Act of 1862 had, as explicit objec-

tives (in addition to promoting national prosperity) the acquisition, settlement,

securing, and retention of territory, most of which are non-quantifiable (in

money terms) objectives. One of the guiding objectives of that Act was to give

land to the poor to promote human welfare, another non-quantifiable entity.

:ore recent legislation still has concern expressed for the health end welfare"

of mankind, as well as for the promotion of national prosperity (Table 1). The

multiple objective concept has merely been made explicit in recent years.

Concern was expressed for irrigation, reclamation, navigation, water qual-

ity, and power objectives, as well as flood control, in the Flood Control Act

of 1941. In addition, the broader social objectives of national income, national

security, and conservation were all of concern in this Act (Table 1). Even some

of the earlier Flood Control Acts were concerned with more than one objective

(Table 1).

The Public Works and EconomIc Development Act of 1965 was concerned with

various aspects of national income, growth, and population. Concerns for

national income and population were also expressed, however, in the Irrigation

and Reclamation Act of 1888 (Table 1). Even though different issues may have

been at stake, the broad social objectives relating to national income and

population were of concern in 1888 and again, over 75 years later, in 1965

(Table 1).

The "evo1ut1on of a multiple objective function, then, is not really an

evolution" at all. The concept of a multiple objective function surfaces in

much of the early legislation pertaining to water resource use, development

and management. Only the elements (variables, arguments) of the multiple objec-

tive function have changed over time.

V See Footnote 1, page 2.
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1862 Homestead ..............................
1877 Desert Land............................
1888 Irrigation and Reclamation

.............

1894 Carey Act ..............................
1902 Irrigation and Reclamation
1916 Irrigation and Reclamation

.............

1917 Flood Control ..........................
1920 Flood Control ..........................
1921 Flood Control ..........................
1922 Salt River Reclamation

.................

1928 Boulder Canyon Reclamation
1928 Flood Control
1928 Irrigation and Reclamation

.............

1936 Flood Control

..........................

1931 Flood Control

..........................

1939 Flood Control
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1939 Reclamation Project
....................1941 Flood Control ..........................1944 Flood Control

..........................

1958 Green Book

.............................

1958 Flood Control

..........................

1962 Senate Document 97

......................

1962 Flood Control ..........................
1965 Flood Control ..........................
1965 Appalachian Regional Development

.......

1965 Federal Water Project Recreation
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1965 WaterResourcesPlanning ..............
1965 Public Works and Economic Development.
1965 Water Quality ..........................
1966 Clean Water Restoration
1968 Flood Control
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1968 Wild and Scenic Rivers
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The existence of an "X" in the Objective-Act matrix indicates only that the objective
was stated or mentioned in the Act. The stated objectives are not necessarily social
objectives or objectives that were accomplished by the Act in question.



RELATIONSHIP AIONG OBJECTIVES - A SURVEY

The legislative recognition of the relationship among various stated objec-

tives has changed over time. In the earlier Acts the emphasis was on economic

development, with other objectives supposedly emanating from the realization of

a high level of development. The Irrigation and Reclamation Act of 1888, for

example, emphasized irrigation development to increase population which, in turn,

zas to increase national income. Human welfare would supposedly be increased.

A more recent Act, the Environmental Quality Act of 1970, specifies that popu-

latio increases . . . contribute to pollution and degradation of the environ-

ment,' which, in turn, supposedly reduces human welfare. The relationship be-

ttreen increases in population and changes in human welfare seems to have re-

versed the implication is that increases in national income, accomplished

through population growth:, led to improvements in welfare at one time, and now

lead to decrements in human welfare.

Legislative intent in another recent Act points toward improvements in

social well-being through economic development with maximum economic effi-

ciency, but with other constraints. The Appalachian Regional Development Act

of 1965 was passed to accomplish economic and social development; no chain of

causation is specified. However, constraints included income distribution ques-

tions and the importance of the project, relative to other projects, in improving

social well-being. Housing, health, and education objectives, all related to

:.social deve1opment, were to be attained via economic development in another

Act passed the same year.

It is very difficult, at best, to discern the intended relationship among

objectives in the legislative Acts. It appears that legislators have left con-

siderable vagueness in the Acts, to permit action agencies to interpret the laws

and implement programs based on that interpretation. The relationships among

objectives have not been made explicit.

The framework presented in the next section provides some Insights into

the different types of relationships that may exist among objectives. Also, the

factors that may cause the different types of relationships become more apparent

within this framework.
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RELATIONShIP A1:ONG OBJECTIVES - A THEORETICAL 1WORK

The concept of a multiple objective function, while not new, has become

more important in recent years, as evidenced by much of the legislation in the

past decade and recent concerns expressed in the Task Force reports on Evalua-

tion Procedures for Water Resource Development [48, 49, 50, 51, 52]. The objec-

tives of water resource and related land development are several, and no simple

objective is to always dominate the procedure of analysis or implementation of

programs and projects. Because of this recognition, the relationship among

varying objectives becomes of great concern. Very little is known about the

relatIonships among objectives' as a result, little is known about how public

investment in water resources development should be tempered, given a multiple

objective function.

The framework proposed in this section, while only tentative, provides some

insight into effects of various types of relations among objectives on the de-

cision to invest in water resources development. The decision to invest in a

particular water resources project will be affected by the trade-off ratios cal-

culated for that project; the trade-off ratios are, in turn, affected by the

type of relations among the objectives. There are two different sets of rela-

tions of concern here. The relations among the objectives in the social prefer-

ence function may be quite different from the relations among the objectives in

the production function. Both sets of relations, in turn, affect the trade-off

ratio. Reference to the following model will help clarify this point.

The social preference function may be represented by the equation:-'

where

1Y = f(c1, c2, °°°, c) (1.10)

U = welfare level attained by society,

c1, c2, c = components of welfare 'consumed.

This function will be maximized by the decision maker's choice5, subject to the

constraint

The general form of this function and the terminology follows [5, pp. 7-11,
A-i - A-3).
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where

X g(c, c2, 000 c) (1.20)

X = resources available to society,

c1, c2, ', c = components of welfare produced.
n

One can then envision a function to be maximized, of the form:

Z = f(c1, c2, °, c) + X(x° g(c1, c2, ", c)] (1.30)

where x0 represents a particular resource base of society. The function Z will

be maximized when the marginal rate of (component) substitution (NRS) in consump-

/ is equal to the marginal rate of (component) transforma-

tion (flflT) in production, / , for every possible combination of c and

1

c. where i # j, i,j = 1,2,°°°, a.

The decision making entity in water resource development is faced with the

problem of finding the solution to the maximization of Equation (1.30); i.e., the

decision making entity is faced with the problem of finding Point A in Figure 1,

where the trade-off in consumption is equal to the trade-off in production. This

problem is identical to maximizing welfare (Equation (1.10)) subject to the con-

straint that all resources available are used (Equation (1.20)), and finding the

levels of c. In essence, the decision making entity must equate the trade-off

ratios the trade-off ratio n consumption is the 1RS and the trade-off ratio

in production is the MRT. Both of these trade-off ratios are, in turn, affected

by the relations among the objectives.

Past literature on the calculation of trade-offs provides some insights

into means of solving the multiple objective ost of that literature

deals with quantifying Equation (1.10), with the ultimate goal of finding Point A

in Figure 1.

The multiple objective problem' exists due to the inability of analysts in
the past to find a conmion denominator for measurement of all benefits (and
costs). The multiple objective problem is basically a valuation problem
(see Freeman (26, p. 566]).
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Figure 1. Societal preference function and Component-Component
relationship, components c and Cj
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Iiargliu proposes two techniques, basically, for handling a multiple objec-

tive function [35). Objectives may be explicitly weighted or various objectives

may be constrained at certain levels (35, pp. 23-39]. The constraint approach,

where n-i of the objectives are constrained and the remaining objective maximized,

results in implicit weights. Both procedures ultimately lead to the same weights

and, consequently, the same trade-of Es. Freeman lists three different approaches,

all which lead ultimately to the determination of trade-of fs (26]. Freeman sug-

gests one approach and attributes the other two to icKean and Llarglin.

An array of money-valued benefits and measurable (but non-money valued)

benefits should be presented to the decision-making entity, in the !cKean

approach (26, p. 570]. The trade-off between money-valued and non-money valued

benefits can be ascertained from observing the choices made, as compared to other

combinations the decision maker could have chosen. This approach is tantamount

to providing the decision maker with Equation (1.20), observing the choice made,

and specifying that choice to be Point A in Figure 1.

Freeman suggests that weights be assigned to the measurable, but non-money

valued benefits, before choices are made. In this way, value is allowed to de-

termine choice, rather than choice determine value [26, p. 566]. According to

Freeman, both the licKean approach and the constrained maxima approach suggested

by lrarglin result in choice determining value (26, p. 566, pp. 570-572]. Free-

man's suggestion of assigning explicit weights to money and non-money valued

benefits seems identical with Uarglin's proposed explicit weighting of objec-

tives [35, pp. 23-29].

Uaass also suggested the calculation of trade-offs. According to Iaass,

. objective functions of most government programs are complex; yet benefit-

Cost analysis has been adapted to only a single objective - economic efficiencyt

[34, p. 3121. aass was concerned with the calculation of a trade-off ratio be-
5/

tieen economic efficiency and income redistribution.

This necessarily implies that economic efficiency and Income redistribution

goals are on the same hierarchy level as social goals. Economic efficiency

and income distribution may be at different hierarchy levels (see [6, pp.

1662-16631).



Although all of these approaches have merit in the attempt to empirically

determine the social preference function, none of the approaches have been explicit

as to the effect of varying types of relationships among the components of the

social preference function or the production function. All approaches ultimately

lead to the calculation of a trade-off ratio. None of the approaches seem to

recognize the significance of the effect of relationships among the components

in Equation (1.10) and Equation (1.20) on the trade-off calculation process and

ultimate value of the ratio. Several implications of different types of relation-

ships can be drawn.

Calculation of a Trade-off Ratio

The idea of a 'trade-off ratiofl is well-founded in economic theory, but under

a slightly different name. Limiting the discussion to the production side, Equa-

tion (1.20), the trade-off ratio is defined as the amount of a product that must

be sacrificed to attain another unit of some other product or, more specifically,

the marginal rate of transformation (URT). The trade-off ratio can be illustrated

by observing the possible movements along a production possibilities curve, such

as pp in Figure 2.

The pp curve represents a given dollar outlay for resources used in the pro-

vision of different combinations of Component One (c1) and Component Two (c2)

(Figure 2). The amounts at A (c2A and c) and B (c2B and ciB) can be produced

with the same dollar outlay for resources. Any combination on the curve pp can

be produced with the same level of dollar outlay for resources.

The trade-off ratio varies along the curve and is actually the slope of

curve pp. For discrete changes such as from Point A to Point B in Figure 2, the

c2A_c2B \
trade-off ratio is - 1, which is the average URT. An amount c - c

c]Ac1B
)

2A 2B

of c2 must be tsacrif iced' to obtain C1B CiA of c1; the cost of this change

is reflected by the HRT.

The results of non-independence or independence in consumption, i.e., among
the components in Equation (1.10), must necessarily be conjectural because of
the difficulty of specifying a welfare function. In order to point out some
implications of non-independence and independence then, discussion is limited
only to the production side for the purposes of this paper.
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Figure 2. Component-Component relationship, components c1 and c2.
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The shape of the curve is crucial to the value of the trade-off ratio.

Consider, for example, the cases specified in Figure 3. At level 1.50 of

an incremental change in c1 would result in a -0.24 change in c2 (the trade-off

ratio is 0.24) for the upper curve, a -1.14 change in c2 for the middle curve,

and a -1.24 change for the bottom curve.Z" In terms of an example, let c2

represent national income (NI), and c1 represent some numerical measure of

environmental quality (EQ). If the actual relationship between NI and EQ (both

are assumed components" of welfare) was represented by the lower curve in Figure

3, use of either of the other pp curves as the appropriate one would result in

an underestimation of the loss in national income from improving EQ from the

present level of 1.5 (as depicted in Figure 3). The crucial point is that the

trade-off ratio will be affected by the nature of the relationship among the

components of welfare in production.

Several different types of relationships among the components of an equation

such as Equation (1.20) can be posited, all of which will give slightly different

trade-off ratios for any given resource base. There are at least three interest-

ing possibilities from the vantage point of this paper.

The components of welfare are assumed independent in the following case:

Case I c1 = f(x, x2, x3, x4) (1.40)

C2 = h(x1, x2, x3, x4, x5)

where x1, x2, '°, x5 are inputs from either the public or private sectors. In

this case it is appropriate to treat the two components as competitive, for in-

puts. "Trade-offsT as the term is usually used in the cost-effectiveness liter-

ature, would appear to be appropriate. The policy issues here are quite straight-

fori.;ard, and it appears that much of the literature on public policy assumes this

to be descriptive of reality.

7/
dc2

Based on use of the calculus to derive the relationship =

1 x constant

from the functions: x = c + c - c1c2, x = c + 4, and x = c + c +

c1c2 for the upper, middle, and lower curves respectively, in Figure 3.
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Figure 3. Production possibility curves for three different
relationships among components of welfare, c1 and
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The concept of intermediate products is essential to an understanding of

the following case:

Case II C1 = f(x1, x2, x3, x4) (1.50)

c2 = h(x1, x2, x3, X5) c1).

In this instance, the two components of welfare are competitive with respect to

resources. Also, one component (say education) becomes art intermediate product

in the production of the other component (say national income). Substantial

interdependence exists. Decision rules and techniques involving t'trade-offs"

will need to be quite sophisticated to sort out and account for both the coinpie-

nientary and competitive aspects. For example, c1 might represent income from

the private sector and C2 might represent a component produced in the public sec-

tor. One activity is essential to the other, but it also is competitive with

respect to the inputs.

Even greater interdependency is illustrated in the relation

Case III C1 = f(x1, x2, x3, x4, c) (1.60)

c2 = h(x1, x2, x3, x5, c1).

Each component of welfare is an intermediate product in the production of the

other. Furthermore, the tio components are competitive in the use of resources.

The procedures for calculating trade-off ratios may have to be quite sophis-

ticated, given either of the cases represented in Equations (1.50) and (1.60).

The possibility exists for to or more components of welfare to have some com-

plementary as well as competitive aspects. Consider, for example, health level

versus education level. The education level attained by members of a society

may have a complementary effect on the level of health achieved; i.e., higher

education levels may give greater medical knowledge which, in turn, may give

rise to a higher health level. At the same time, a higher health level may

improve the education level by allowing more attention to studies, less days

spent away from school ill, etc.

Concurrently with these two interdependencies, both health and education

levels may compete for some or all of the same resources. The calculation of a
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trade-off ratio between health level and education level would indeed be more

difficult with the presence of interdependencies.

Nature of Independence and Interdependence

At least two different types of interdependence (independence) must be dis-

tinguished. Production functions may be interdependent (independent) as well as

the components. For example, assuming one resource, x, the production functions

in Case I were of the genera]. form:

f(x) (1.41)

c2 = g(x)

In this situation, the two production functions are independent; the components

do not serve as inputs. Also, the components, c1 and c2, are independent; in-

dependence among components is given by the sign of the cross partial derivative,

ax 8/
ac2ac1

The production functions are considered interdependent and the components

are independent in the following case, which is the same as Case II with only one

resource:

c1 = f(x)

C2 = h(x,c1)

(1.51)

The components are classified, again, on the basis of the sign of the cross par-

tial,
ac2ac1

A different situation arises with Case III where, again with only one re-

source:

C1 = f(x, c2) (1.61)

C2 = h(x, c1)

Components are considered interdependent and independent accordingly, as

><0 and----3c2c1

(See Sune Carlson (4, p. 801).
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The production functions are interdependent, while c1 and c2 may be independent

or interdependent.

Based on the expressions in Equations (1.51) through (1.61), some defini-

tions can be posited:

1. two production functions are considered interdependent (inde-

pendent) if at least one of the components does (does not)
enter as an input into the production of the other component,

2. two components are considered interdependent (independent) if

the cross partial,
ac2ac1 ac1ac2

, is not equal (is equal) to

zero.

Several possible situations can now be posited with regard to different types

of relationships.

Given independent production functions, the components will always be in-

dependent. The converse does not hold, however; the existence of independent

components does not imply that production functions are independent. In fact,

production functions may be interdependent when the components are independent.

Given interdependent components, the production functions will always be

interdependent. As in the previous situation, the converse does not hold; the

existence of interdependent production functions does not imply that the corn-

ponents are interdependent.

The results of this section are summarized in Table 2. Given a particular

case, only in Situations 1 and 4 can a definite statement be made regarding the

relationship of concern. In the other two situations, 2 and 3, further analysis

is necessary (Table 2).

Classification of Components

An understanding of the consequences of interdependence or independence

among components of the welfare function is crucial to understanding the effects

of various strategies of public investment. Any attempt at making a rational

decision as to the types of investments to be encouraged must be tempered by

knowledge of the relationships involved.
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Table 2. Relationship Between the Classification Scheme for
Production Functions and Components Produced

Situation Given Conclusion

1 Independent production functions Components are independent.

2 Interdependent production func-
tions

3 Independent components

4 Interdependent components

Components are independent,
given production functions
in Case II.

Further analysis needed to
classify components in Case
III.

Further analysis needed to
classify production func-
tions.

Production functions are inter-
dependent.

Public investment has the effect of moving the production possibilities

curve for the desired components of the welfare function by two different means.

The production possibilities curve will reflect greater production for two cam-

ponents, c1 and c2 for example, due to:

1. reallocation of resources towards the production of the
desired components (c1 and c2); i.e., resources are re-

moved from the production of some other component(s) (like
c3, c4, etc.) in the public (private) sector,

2. allocating previously unemployed resources to the produc-
tion of the desired components Cc1 and c2).

The type of interrelationships prevailing among the components are observable

from the way in which the amount of each component produced changes as a greater

amount of resource is incorporated Into the production processes.

Expansion of the amount of input employed in the production of components

of welfare can result in the surfacing of two different types of interrelation-

ships, namely, interdependent and independent. As alluded to earlier, components

will be classified as interdependent (independent) if the cross partial,
aC2 C1

is greater than or less than zero (equal to zero). Within the classification of
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interdependent components, components may be further classified as complementary

or competitive, according as the cross partial derivative is negative or posi-

tive, respectively. The meaning of these more specific categories can be made

clear by reference to Figure 4.

Consider a change in the resources (AX) allocated to the production of c1

and c2, from the original production possibility curve pp0 (Figure 4). The

several different types of interrelationships can now be ascertained by looking

at the sign on the value ---
-\

, which is a discrete representation of the
Ac2 Ac11

cross partial, 21
a c2 a

Starting at Point A on pp. the sign of the cross partial will be positive

(indicating competitive components), if the ending position is Point B on p2p2.

This is indicated by the change in c1 (Ac1) in the 'discrete partial'1,

, as c2 is increased (Ac2), with Ax constant. In the movement from
c2

A 'AX
Point A to Point B, Ac1 decreased, which resulted in r- - > 0, which implies

C2

a competitive relationship between c1 and c2. As illustrated in Figure 4, change

in c2 (Ac2) resulted in a decrease in Ac1 from AL to FE, giving an increase in

AX A AX
The end result was a positive sign on -s-- which implies a compe-

Cl C2
1

titive relationship between c1 and c2.

Given an independent relationship, a change in (AX) will give rise to the

cross partial, , equal to zero. This situation is exemplified in Figure
c2

1

4 by the movement from A to C; the discrete partial f- doesn't change (AL = FC),

A 'AX
1

which implies that - i- = 0.
Ac2 c1

The complementary relationship is exemplified by the movement from Point A

2! This presentation is based upon insights gained from discussion with Dr.
A. N. Halter, Department of Agricultural Economics, Oregon State University.

- 34 -



p4
p3

p1

p0 p1 p2p3p4

Figure 4. Classification of relationships between c1 and c2,
diagrauniatic representation of the cross
partial
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to Point D. With the same X as before, the discrete cross artia1 -p--
c2

is negative. This occurs as a result of c1 increasing (FD > AE), which gives

rise to a decrease in Expanding X gave rise to an increase in c2 and in
Cl

the components are necessarily complementary.
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CONCLUSIONS AND RECOI'flENDATIONS

Several conclusions cart be drawn from this study of multiple objectives and

means of solving the "multiple objective problem', given various types of rela-

tions among objectives. Some of the more significant conclusions are.

1. The 'evolution" of the multiple objective function has really
been only a process leading to recognition of multiple objec-
tives- i.e., multiple objectives have just recently been made
explicit in planning literature, although they have long existed
in the legislation authorizing public Investment in resource
development projects.

2. The type of relationships among objectives will affect the
trade-off ratio calculations in terms of the process of calcu-
lation and the ultimate value obtained.

3. There are at least two different types of relations of concern,
namely, the relations among product (component) functions and
the relations among components themselves.

All of these conclusions are tentative, and should be subjected to further

study.

Research funds should be directed toward identifying the various possible

types of relations among objectives. Given that information, a framework should

be developed to facilitate the calculation of trade--offs by action agencies.

The Special Task Force on Evaluation Practices, appointed by the Water Resources

Council, recommended . . . the use of a systematic process to formulate alter-

native plans keyed to varying levels of achievement for each of the components

of the multi-objectives relevant to the planning study. This process .

provides for the ordering of priorities among alternative plans in terms of

explicit trade-of fs" [49, p. 7]. The 'systematic process" mentioned here re-

quires knowledge of the types of relations that could possibly be encountered,

and a means of handling all possible Situations such as to arrive at explicit

trade--offs.' The results of this study, although tentative, indicate such a

framework can be developed through further research.
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