CHAPTER
FIVE

WELFARE ECONOMICS

Economic Analysis and Social Objectives

o=l " THE ROLE OF WELFARE ECONOMICS Welfare economies i
the science of determining how available resources may be best used to
promote human welfare. The study is not entered with bias toward any
specific social legislation, proposal for government ownership, or other
welfare state program which might be proposed to solve specific social
problems. Welfare economics seeks rather to develop better procedures
(Without prejudice toward either the public or the private sector) for
allocating the total resource base (labor, capital, land, etc.) among po-
tential uses and users to meet individual and group needs. Individuals
heed material resources to improve their economic well-being, a healthy
environment to maintain their physical well-being, aqd psychologically
Satisfying experiences to maintain their mental well-being. Furthern;lore‘,
Man 1s a social being. He is affected as he observes the \\:elfare o.f ott §r§.
Human needs are met as individuals become better satisfied with their

°Wh lives and what they see of the lives of their neighbors.

St : oceriptive In characte
Welfare economics is normative or presc me.,ve g - consensus values
“ense that it seeks the resource allocation best achieving cou

, ‘nhtive in the
°F satisfaction of needs fulfilled. However, 1t 1S not I\))\I,;eslf(‘};;ztgéznl(l)lnfics
“ense of recommending what these values should l.)e.‘ -}?ich is concerned
c%n be Ccontrasted with positiwe or descripte eC(.)nomlcs, \: Descriptive eco-
YIth understanding the functioning of economic 5y Ste?g;itel‘llative courses
"Omics provides thbe tools by which the COnAeQIEREs - hese predictions to
Of action may be predicted. Welfare economics uses the:
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decide the relative merit of the alternative. It det.ern?inc.)s and aggregates
the values individuals hold, to provide counsel on finding the course of

action best promoting overall welfare.

5.2 THE SOCIAL WELFARE FUNCTION Resource development
seeks to meet human needs. Some needs are readily met through water
resources development. Relief from a periodic flood damage bill frees
individuals to concentrate on other economic needs. Waste-water treat-
ment and mosquito control meet man’s physical need for improved health,
Increased recreation opportunity may provide just the experience required
to fulfill the need for mental relaxation. A project may provide jobs for the
unemployed and thereby satisfy a group need for a more healthy com-
munity. Other kinds of needs cannot be satisfied through water resources
development. The satisfactions realized through Ilistening to good
music or an inspiring sermon are not achieved through better resources
management.

As a planning 1deal, water resources development must be evaluated
In terms of consequent effects (good and bad) on all human needs. As a
practical matter, only certain needs can be satisfied through water-related
projects. Other needs might be satisfied through water resources develop-
ment but can be satisfied at less cost in some other way. Failure to in-
corporate goals related to either of these two types of needs into water
resources planning models is not to say such needs are not worthwhile.
The point is that many needs can only or at least can better be met by
other means.

The goal of human activity is to meet human needs. Each specific
need presents a specific goal. The ideal resource allocation would be
achieved by the public policy maximizing a unanimously accepted index
of total human welfare. Such an index would be computed by a mathe-
matical formula called a social welfare function
goals. For example,

and 1ncorporating all human

= oG+ a6+ - - 4 0@ Z a; = 1.0 (5-1)

The index I must be g scalar value to rank alternatives unambiguously.

The units used to measiire . , : ;o
measure progress toward each goal G and the weighting

Y 1 ¥ t D
tactors @ must be defined so that society will become
happy and contented with Increasing value of 7. ]

in l.lIlltS permitting quantitative expression of the degree of fulfillment
a}(ihleved‘ by.alternatlve proposals. Each weighting factor must indicate
the relative influence of the goal 1n determining human happiness. Con-
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struction of a social welfare function requires a series of =
sult 1S not unanimouslv .
If the res usly accepted, its

any controversy among conflicting valyes.

ol alue judgments
application wil] not settle

implementing each alternative toward aceo
stitute the resulting values in the socia] w

Values of G for a given alternative may be either positive or negative
Project selection may then be based on the procedures developed pre\?iously.
by using I 1n place of present worth in the present-worth discoum;i»n‘o~
technique (Sec. 2-9) or by using Eq. (5-1) as the objective function is
optimality studies (Sec. 4-3).

However, one need only review the social goals related to water
resource development listed below and the diversity of opinion on their
relative desirability to realize that an ideal social welfare function will
never be available to guide planning decisions.

mplishing each goal and sub-
elfare funection to calculate 1.

I Maxvmum national income. People with higher incomes have more
resources for providing themselves with a better life. The model of
pure competition achieves economic efficiency in that it maximizes
national income. However, none can deny that there are many con-
tented poor and miserable rich. Money is far from the total answer to
human happiness. What is?

¢ Ideal income distribution. Collective happiness is not maximized if the

maximum national income is achieved by giving the national wealth
to an elite group while everyone else lives in abject povert.y. A guar-
anteed equal income for everyone would weaken the incentives of the
ambitious. How should income be distributed?

: I * ~ ic S istorical land-
5 Bmironmental quality.! Everyone has scenic spots, historic L la

marks, and wildlife forms which he would like to see I?resel~ved ax;d
1s disturbed by destructive pollution. Society agrees with reS_PGC_TO (M(I)
Yosemite Va.lléy, Independence Hall, redwood trees, Or,ﬁmx;si?m-
and water pollu‘ti(‘)n. But all progress would be halted‘ b}l .. anl)en*mries.
tion of every childhood home that brings back nostalgle

Wher : s
e ce | AW : R
can the line be di ial change promotes un
: < - 1oMIaATTS )1'()-
: o society departs ]
‘ertainty and insecurity. A conll)let.el}' _”m,mc Sfith changing times.
Bressively further from achieving social justice W

SR . FL
hat is the optimum rate of change: MR 9
- acin Planning, £79C '
laynarg M. Hufschmidt, Environmental Aspects of River basin

no, 505
HY ¢ (November, 1967), pp. 323-352.
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5 Public health. Freedom from disease and accidental in?ury and the
preservation of life involve values that transcend expression in ingop,
units. A wealthy man may spend all he has and go Into debt ¢,
preserve his life or regain his health. Is public health a goal to pe
preserved at all economic cost? Most would agree that society as 4
whole is not willing to live in poverty to preserve good health. Accidey-
tal death and injury would be substantially reduced by outlawing the
automobile, but people would be unwilling to bear the inconvenience.
Public health does not completely override all other considerations,
How much should be spent to preserve health and life?

6 Regional development. A more even geographical distribution of eco-
nomic development reduces congestion in more highly developed areas,
presents the challenge of making wasteland productive, and aids
national defense. It improves the income and morale of 1solated areas,
or even nations, which might otherwise be bypassed by economic

erowth. Should such areas be developed at a net sacrifice in total
income?

If all of the above questions could be resolved, the planner could
use the resulting social welfare function to devote available resources to
endeavors most efficiently contributing to human welfare. Social, or first-
order, efficiency would be achieved. But because no one can precisely
measure degrees of accomplishment of all social objectives nor assign
relative weights to alternative goals, a universal social welfare function

can never be developed for general use. The best that can be hoped for 18
an approximate, or second-order approach.

6-4 THE QUESTION OF SOVEREIGNTY The first step in develop-
ing an approximate approach must be resolution of the question of
sovereignty. Supporters of individual sovereignty say that each man 18
and should be the best judge of his own best interest. A man should have
the right to spend his money, order his activities, and divide his time
according to his own desires. The level of human aSpiration will 1increase

indefinitely, always remaining just a little higher than the means for
fulfillment can provide.! No matter what his Income, man’s wants can
never be entirely satisfied, a condition of perpetual scarcity. Certain wants
are expressed by the exercise of consumer sovereignty in the marketplace.
Others are expressed by the exercise of individual Sovéreignty in the voting
booth. The market and the ballot box aggregate individual wants to deter-

mine collective need according to the prevailing values of the community.

1 Support for this position is found in Richard S. Weckstein. W '
o , Welfa : : :
Am. Econ. Rev., vol. 52 (March, 1962). re Criteria and Changing Tastes,
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As long as adequate safeguards are availab
Jctivities of one man fio .not infringe on the rig
- maximized by maximizing the sum of the s
indiVidllal.

Th.e second s'chool of thogght,‘ ‘WhICh has come to be called abundancy
0cONOMAICS, attacks the question, “What should man want?”’ instead of
being satisfied with determining prevailing community values,! Iiasug-
stitutes value Judgments on general welfare by a planning elite for.empirical
measurement of what the people themselves prefer. It argues that as
men become more wealthy, all their reasonable wants are satisfied and
they dissipate their excess money. It scorns the idea that a free market
dependent on consumer sovereignty can maximize human welfare, with
the illustration that $1 million used in cancer research must inherently
be more valuable to society than $1 million spent on chewing gum. The
rich are spending their money on trivial frivolities while oreat social needs
g0 begging. It believes market deficiencies to be so vast that no allocation
made by the market system can have normative significance. Market
theory based on scarcity 1s not relevant when all reasonable demands
for market goods are more than abundantly satisfied. One advocate of this
position has stated:

le to make sure that the
hfis of o.thers, social welfare
atisfaction brought to each

The assumptions . . . about the efficiency of the private sector
achieved through free competition are so removed from reality that I fail
completely to understand why they (the advocates of the first position)
were led to advance, seriously, criticisms of water-resource development

policy built upon such a flimsy foundation.?

However, instead of offering a specific social welfare function, this gchool
of thought usually proposes use of political or hierarchical control without
defining precise criteria. | '

Planning and resource allocation through the political process requi)res
People to express their preferences for social action by the ballott' OZ
father than by money votes. The method 1s based on the assump 1011_
fbhat voting alternativ@s can be structured 1n a mamler_p.erml.ttu}llg fneoft?r
ngful planning choices, that the voters will make Geciion 3] igilor;lg 0?1
With a consistent value system, and that voters m.ll base thel; ec ethokd s
oVerall social welfare rather than their own Selfflntme‘S ; .T eri)nduce im-

eSet with difficulties. Voting motivated by self-interest can p

1958).

1
onference

\ Johnp K
M

ifflin C any,
: hton Miffiin Compan!
i i e ‘Western Resource C
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provement only through a more eq.uita.ble distributio.n of Voting POwer
Some have hypothesized that voting 1s ba.sed on higher motives thay
market purchases,? but there 1s no concluswe. evidence one way gop the
other. The voter is faced with broad alternatives, each mixing featupes
which he likes with those he dislikes. The ballot box offers no way to
express depth of feeling and thus permits a minority who feel Intensely o
an 1ssue to be outvoted by a majority who really do not care very muech.
The outcome of the election can be influenced by the structuring of the
alternatives.® Political decision making may be used to reach major policy
decisions, but is impractical for making the countless little decisions
required in resource allocation.

Those who believe man cannot know his own best interest or cannot
express 1t in either the marketplace or the ballot box advocate hierarchal
or administrative planning. The leadership should determine the best
interest of the people, and experts should organize society 1n order to
achieve that best interest. However, this method has difficulties too.
Freedom 1s lost as leadership decides what is good for the people and
molds public opinion to the desired ends. Experts can never be entirely
objective or completely free from the same Jealousies, ambitions, and
desires which influence the thinking of the rest of mankind. The cost of
maintaining the organization required to analyze all the available social
alternatives and guide the nation in the desired direction is very great.
So 1s the danger of disastrous decisions caused by errors or oversights in
using a planning machinery with no selt-correcting features. But over-
whelming all the other difficulties is the shear impossibility of building the
required all-encompassing mathematical model. It is well said:

Indeed, the best medicine for wel] meaning central planners is perhaps

a stiff dose of down-to-earth operations research on complex problems of
the federal government: such an experience would 1]
than does meditation alone, the aw

tered (and the grim mistakes and
occur) in detailed central directio

ay bare, more vividly
esome difficulties that would be encoun-

concentration of power that would surely
n of the economy.*

Once the planner overcomes his arrogance enough to realize that the

James M. Buchanan, Politics, Policy,
p. L7,
Stepvhen A. Marglif‘l, Econ?mic Factors Affecting System Design. in Arthur Maass et al., ‘‘Design
(}){f. \;\'atjr;xre?\olurce Systems” (Cambridge, Mass. : Harvard University Press 1962) 1 1()7. .

ichar . Musgrave, "“The The o o oy Ve R s L e : ,
gt ory of Public Finance'’ (New Y ork: McGraw-Hill Book Company

Duncan Black, On the Rationale of
1958), p. 23.

¢ Roland N. McKean "Efficiency in Governm
, , ent through Systems Analveic’: TR, T e n
Wiley & Sons, Inc., 1958), p. 8. nalysis” (New York: Joh

and the Pigovian Margins Economics, vol. 29 (February, 1962),

Group Decision Making, J. Political Econ., vol. 56 (February,
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socially acceptable and practically workable resy)ts he has little altorn s
but to accept 1ndividual sovereignty, seek the &IlS\\’el-..t())'t}o :1 (111‘21.t.1\rc
«What does man want?” and plan to fulfiy his desires 'T h(iﬁix(ll(lili(:it(;?lnmi

may not know his own best interest in ap absolute sense, hyt b niohiahl
. 2 , .( ;
knows it better than anyone else. )

\

5-5 THE QUESTION OF GOALS Acceptance of individual sover.
eignty still leaves th.e problem of aggregating individual choices into 1
social welfare functlol.l. Market processes provide the most effective
mechanism of aggregating the countless individual choices reflecting vary-
ing degrees of preterence and affecting small groups of people. If the
market 1s pertectly competitive, it will allocate resources so as to maximize
national income. Of course, actual markets are not perfect. Market failures
require administrative agencies to evaluate their consequences, act to
remedy resulting allocation deficiencies, and determine normative shadow
prices for use in planning. Specific problems are described in subsequent
sections on public wants (Sec. 5-9), external effects (Sec. 5-10), and natural
monopoly (Sec. 5-11).

However, optimum resource allocation is influenced as individuals
seek goals other than maximization of income. Each alternative needs to
be evaluated to determine its consequences for each such goal. The evalua-
tions consider what have traditionally been called intangible Vah.ms. in
engineering economy studies (Sec. 1-6). Effects concerning.conﬂlctmg
goals must be tabulated and incorporated into the (‘lecision-mqlm.lg process.
However, the final resolution should, according to the prineiple of in-
dividua] sovereignty, be based on some communifb._\’ consensus and no t" e
the necessarily arbitrary decision of a planning elite. Where market Il)l(f)c-'
e cannot work, political choices provide the nex't best ‘n;‘t‘tlll‘fz)ﬁl’ L‘:
defining the relative importance people attach to various goals. ‘

' . wing Multiple Goals
TABLE 5-1 Comparing Alternatives Achieving Multip

ironmental
] Jconomic Regional EnVl.IOI:(Ill(,Ilt 1
Alternative ]:Lccmﬁ e . o
goal benefits —
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| $400 -
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ample, politically determined ipcorpe tax SChedUI?S provide a st.art,ing
point for establishing the relative importance of income redistributjqy,
(Sec. 5-13). . .

Two approaches are available for mechanically handling multiple
goals. One is to predetermine the weighting factors [Eq. (i?-l)] and use the
resulting social welfare function in systematically comparing alternatives
The second approach is to develop a decision matrix based on alternatives
as rows and goals as columns. For example, a particular study may produce
the information shown in Table 5-1. With this information at hand, one
would have to decide whether an extra 25 units of environmental quality
are worth achieving at a sacrifice of $100 in economic benefits. He would
have to decide whether $200 of additional benefits to the region were
worth a $100 loss in national income. Through answering a series of such
questions and trying various design modifications, the planner could
eventually produce an optimum or at least an acceptable design. The
alternative finally selected from the decision matrix will imply a full set
of weighting factors which can be calculated from observed marginal
trade-offs.

Several difficulties in designing to achieve multiple objectives are
pinpointed by Table 5-1. It is very difficult to express achievement of
certain goals (environmental quality, for example) in numerical units.
Furthermore, the best project for achieving one goal 1s seldom the best
for achieving other goals. One cannot escape the value judgments required
in the trade-offs necessary to resolve conflicting goals. Therefore, an
explicit statement of the required value trade-offs so that they can be
publicly discussed 1s one of the major advantages of the matrix approach.

5-60 v BASIC OPTIMALITY CRITERIAL " The early contributions to
welfare economics were based on the premise of individual soverelgnty
with each individual subjectively evaluating his own goals to maximize
his welfare. The first criterion of welfare economics, known as the Pareto

criterion after the Italian Vilfredo Pareto, who about 1899 first pmposed
16, 18

Afny ch.zmge which harms no one and which makes some people better off
(In their own estimation) must be considered to be an improvement.?

: . S Ed > ) : (¢ . S g ) . . . . .
B) 11101\1.(1111b the words “in their own estimation,” individual sovereignty
1s explicitly accepted. In order to avoid the severe restriction of being

1 . Qo " " - a £~ ~ T o :
I ?r discussion 1.n‘greater detail, see William J. Baumol, ‘“‘Economic Theory and Operations Analysis’
(Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1961), pp. 262-275 ‘

2 As quoted in 2b6id., p. 267.
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unable ’.co make a choice which harms anyone at all, Kaldor proposed the
more widely applicable criterion:

A change 1s an improvement if those who gain evaluate their gains at a higher
figure than the value which the losers set upon their losses.!

From the point of view of the general economic welfare, 1t is irrelevant
whether the losers are actually compensated by the gainers. Such an
exchange would represent a transfer of money among individuals and not
a net increase in national welfare. The exchange represents an income
redistribution and must be evaluated with respect to that goal.

5-7 SECOND-ORDER (ECONOMIC) EFFICIENCY If one uses in-
come as the sole index of individual and social welfare, I = G [Eq. (5-1)],
where G = B — C. The resulting approximation says social welfare im-
proves as the aggregate national income increases. The optimum project
1s the one most effective in increasing national income. The criterion for
resource allocation is economic efficiency.

The goal of maximizing national income (net benefits) was used in
Chap. 4 to derive the conditions characteristic of the optimum production
process. Later in the chapter, a review of the pure-competition model
showed that an ideal market would automatically achieve these optimum
conditions. At this point, we can also show that under the approximation
of economic efficiency the same set of rules also satisfies the Kaldor
criterion.?

RULE 1 The Optimum Allocation of Goods. Each consumer maximizes his
satisfaction by ordering his consumption so that the marginal rate of
substitution between any two goods is equal to the ratio of their prices.
Each pair of consumers must have the same marginal rate of substitution
or a trade of goods would effect a mutual gain. According to Kaldor’s
criterion, an improvement would have been registered. An improvement
would mean the initial conditions were not optimum in that they did not
maximize collective welfare. Pure competition achieves equal marginal
rates of substitution by making the price of any good constant throughout
the economy and hence making all price ratios uniform. s pl

RULE 2 The Optimum Degree of Specialization. Each firm maximizes 1ts
profit by making its marginal rate of transformation bet.ween any two
outputs produced equal to the ratio of their prices. Each firm must have

I As quoted in 7bid., p. 269. \ Ay o .
2 For detailed derivations, see Syed F. Hasan, “Tntroduction to Welfare Economics’’ (New York:

Asia Publishing House, 1963), chap. 4.
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the same marginal rate of tra.nsforrnatio.n to kee.zp a tragie of outputg from
effecting a mutual gain. Pure competition achieves this goal by making
the price ratio between any two outputs constant throughout the econg my.
RULE 3 The Optimum Relationship between Input and Output. Each fipy,
maximizes its profit by equating the marginal physical produet of Input
in producing output with the ratio of their prices. If this ratio were not
constant for any given input-output pair within the economy, a given
input shifted to a firm having a higher ratio would achieve a net socig]
gain. The optimal condition of maximum welfare could not have initially
existed. Pure competition also satisfies this rule by achieving uniform
price ratios.

RULE4 The Optimum Allocation of Inputs. Each firm maximizes its profit
by making 1ts marginal rate of substitution between any two inputs used
in production equal to the ratio of their prices. Ratio variation among
industries would mean trade could improve overall welfare, and pure
competition would maintain a uniform ratio.

RULE 5 The Optimum Dairection of Production. Overall welfare 1s maxi-
mized 1f the marginal rate of transformation in the production process
between any two outputs is the same as the marginal rate of substitution
between the same two goods on the part of the consumers. Otherwise,
welfare would be increased by shifting production to goods placed in
relatively higher value by consumers. The uniform prices of pure com-
petition would also achieve this goal.

RULE 6 The Optimum Allocation of an Indiwidual's Time. Optimum wel-
fare also requires that the marginal rate of substitution between leisure
and wages for each person must be the same as the marginal physical
product between the work done and the resulting output for each firm. An
individual maximizes his satisfaction if he equates his marginal rate of
substitution between money and leisure with the wage rate he receives for
labor. Similarly, a firm maximizes its profits if it equates its marginal
physical product between a unit of labor and a unit of output with the
ratio of their prices. Under pure competition, all firms sell the identical
output for the same price, and all firms must pay the same wage rates for
all workers with the same skills.

RULE 7 The Optimum Allocation of Assets over Time. An individual
maximizes satisfaction by equating his marginal rate of substitution be-
tween present consumption and future consumption with the rate of
interest he can earn in the market. In the same way a firm equates 1tS
marginal rate of substitution between present and future assets with the
rate of interest 1t must pay for borrowed funds. Pure competition equates

these two marginal values by making the lending rate equal the borrowing
rate.
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Conclustons The achievement of the optimum allocation of goods accord-
ing to the Kaldor eriterion by the purely competitive model means that
under 1deal conditions the market automatically achieves economic effi-
ciency. Government economic planning could not improve the ethciency
of an 1deal economy. The ideal market provides the needed community
consensus on resolving conflicting economic preference (Sec. 5-5) and thus
a basic framework for planning. Project evaluation can begin by deter-
mining marketplace values for benefits and costs. However, such values
cannot be used indiscriminately. Adjustments are needed for market im-

perfections. Adjustments are needed to consider other goals. Each is
discussed below.

Adjustments Required by Imperfect Markets

A primary role of government in a free economy 1s to compensate for
fallures of real markets to organize production as efficiently as the purely
competitive model. Such failures are most frequently caused by limitations
on the ability of the market to respond to certain types of demand, the
effects of market transactions on third parties, and the possibility of
creating a natural monopoly by economies of scale.

0-8 ADJUSTMENT PROCEDURE The complexity of the adjust-
ment analysis required to correct market prices to normative ones for use
In project evaluation depends on the degree of market distortion. A partial
equilibrium analysis can be used where it is only necessary to adjust a few
values inadequately handled by the market. Price corrections and project
input and output are assumed to be too small to produce major market
disruptions. For example, a typical project would not be large enough to
use so much steel as to upset steel prices and thus the production funetion
of other steel users throughout the country. Where major distortions or
disruptions exist, a general equilibrium analysis 1s needed t-()'(‘\’:llllzlt(‘ the
economic ripples. Such an analysis 1s usuully: bus.o(l on an input-output
model (Sec. 9-3). It is more likely to be required in a small country or a
developing economy. | |
In conclusion, the following steps can be used to obtain the normative

value of an input or output:

I Determine the market price. i3 § 1w i
2 Determine whether one of the conditions described below (Seecs. 5-¢

to 5-11) exists. If so, adjust the price as required.
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3 Determine the extent of the effect the project 1s likely to haye -
market transactions throughout the economy. If the effect is negligib]e
adjusted prices can be used directly. If the effect is. confined to g fev:-
items’ changing price, the value for project analysis can be approy;.
mated as the mean of the before and after prices as estimated frop,
supply and demand curves. 1 the project will produce major economjc
disruptions, general equilibrium analysis 1s required to estimate syb.-
sequent prices.

5.9 PUBLIC WANTS Public wants comprise human desires which
cannot be satisfied or at least cannot be satisfied to an acceptable degree
by market processes.! Social wants cannot be satisfied at all because they
demand goods or services which must be consumed collectively. Clean
air must be provided to the entire community if 1t 1s provided to anyone.
It is not technologically possible to clean only the air breathed by those
paying a fee and leave dirty air for those not paying. Such goods or
services must be enjoyed by all or none. Other examples are street lighting,
national defense, flood protection, and natural environment.

Merit wants can be satisfied to some extent by market processes, but
they represent wants where political consensus shows the market provision
to be inadequate. The associated goods and services cannot neatly be
classed as either a market or a collective good. They lie in the fringe area.
For example, public education, health services, outdoor recreation op-
portunities, and historic landmarks may be provided by private enterprise
but not in sufficient quantities because the market can only collect from
a small portion of those who benefit. Firearms or liquor may be over-
provided by private enterprise because the market cannot register the
objections of those who are harmed. The preservation of natural resources

represents a special type of merit want where the market is unable to
express the wishes of future generations (Sec. 9-5).

Even though the goods and services fulfilling public wants cannot
themselves be exchanged in the market, the principles of market analysis
can still be applied to establish values. Individual demand curves may be
implicitly derived from costs which would occur if the good were not
provided (flood control) or from costs borne to obtain the good (recrea-
tion). The individual-demand curves are added vertically because each
person recelves the same level of service and the total value realized by the
group is the sum of the values individually realized. This contrasts with

the horizontal addition for market goods (Sec. 3-12) where individuals pay
the same price but receive different levels of service.

1 Richard A. Musgrave, The Theory of Public Finance’’ (New York: McGraw-Hill Book Company,
1959), chap. 1.
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Aggregate-demand curves for collective goods can be used for project
optimization in the same way as aggregate-demand curves for market
goods are used (Sec. 4-16). For merit wants, the aggregate-demand curve
may be developed by vertically adding appropriate values from derived
demand curves representing the social or collective aspects of the demand.

5-10 EXTERNAL EFFECTS

Nature of Effects External effects may be either external economies or
external diseconomies. External economies refer to favorable consequences
or benefits which consumption or production by one party has on others.
External diseconomies refer to harmful consequences or costs which oceur
in the same way. An external economy exists when provision of a good or
service to one group makes it possible for another group to receive the
same or another good or service without paying for the benefit it has
received. On the other hand, an external diseconomy exists when provision
of a good or service for one group causes 1ncreased costs for another group
and the second group is not compensated for its loss.

Technological external effects result from physical interaction be-
tween the activities of two or more parties. For example, a dam constructed
for the purpose of producing hydropower also produces downstream bene-
fits in mitigating both flood and low flows. A private power company will
not consider these effects in plant design because it is not reimbursed for
them. By the same token, a private firm which discharges untreated
wastes directly into a stream causes those downstream to suffer uncom-
pensated loss. The market does not allocate resources efficiently in the
presence of external effects because no market transactions are involved.
Firms which are not rewarded for their external economies will produce
less than is optimum, while those which are not penalized for their external
diseconomies will produce more than is optimum. The private power
company will normally build a dam that 1s too small. The firm discharging

waste will normally discharge too much. .
A separable technological effect influences the variable cost and thus

shifts the marginal-cost curves of other production units. A ﬁrm.bene-
fitting from an external economy will tend to overproduce. A ﬁrr}rl subjected
to an external diseconomy will tend to underproduce. An 1n§eparable
technological effect only influences the fixed cost ot other pI‘OdU.CthI.l_urlltS.
It will not affect the optimum output unless an externa.l economy 15 large
enough to put other firms into business or an external diseconomy is large

enough to cause them to withdraw. e r -
Pecuniary external effects result from shifts in the supply and de

mand curves caused by one firm and altering the production decisions
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of another. An expanding production unit may bid up prices for the 200ds
and services it uses as inputs (a pecuniary exter nal economy to the supplier
of the input and diseconomy to other users), force down the price of gy}
stitute products (economy to user and diseconomy to supplier), induce gy,
increase in the price of complementary products (economy to supplier ang
diseconomy to user), or lower the price of 1ts output (economy to consumer
and diseconomy to competitive supplier). Since each pecuniary externg]
effect is a gain to one party offset by a loss to another party, economie
efficiency is not affected, but income distribution is. The evaluation of
pecuniary external effects is in the scope of first- but not second-order
efficiency.

Market external economies are a special type of pecuniary economy
which results from the creation of a large new production unit such as a
water resources project. They result from the fuller utilization of existing
transportation and other public facilities and more efficient operation of
processing firms. Many of these economies have come to be known as
secondary benefits.

Psychological external effects occur when the consumption by one
party alters the satisfaction received by other parties. One may not
desire a particular type of consumption until he sees another enjoying
it, or he may receive satisfaction from seeing others enjoy consumption of
a type of which they were previously deprived. Demand analysis assumes
the wants of various parties are independent, and economic efficiency
criteria can not be used for optimization if this assumption is untenable.

Methods of Dealing with Effects The technological spillovers should be
directly evaluated 1n project formulation because they physically alter
the production functions, and the goal of planning is to pick the optimum
production process. This 1s best done by an analysis of the production
function of the second party with and without the external effect caused
by the first. Damages from poor water quality can be estimated both with
and without the low-flow augmentation provided for navigation. The dif-
ference 1n damage 1s the value of the technological external economy.
The effect of pecuniary spillovers can best be explained through
supply and demand curves. If a commodity characterized by the demand
curve of I1g. 5-1 were to reach equilibrium at price P; and demand @1, 1t
would have an aggregate value in use equal to the sum of areas A, B, and
C' and a consumer’s surplus equal to area A. If the advent of a new low-
cost producer (a pecuniary externality) were to cause the price to drop to
P, and sales to 1ncrease to Q», the original producers would lose the income
represented by area B, but consumers would benefit by an amount repre-
sented by the sum of areas B and D. Thus the pecuniary spillover has two
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types of effects. The value of area D is a net galn to consumers. The value
of area B is transferred from the producers to the consumers. The transfer
has no influence on economic efficiency. It is instead related to income
distribution. As a result it does not enter into the economic feasibility of a
project, but it is closely tied to the political, social, and institutional fac-
tors which help determine whether or not a project is built (Sec. 8-1). Area
Dis anet benefit when price decreases owing toincreased output or reduced
demand and a net loss when price increases owing to decreased output
or increased demand. In either case, the value of area D should be incor-
porated into project evaluation just as technological spillovers are.!
The water resources planner might deal with external effects in one

of a number of ways:

1 He may ignore them. Because the inability of the market to handle
external effects efficiently is a major argument for government plan-
ning, 1t 1s hardly proper for government planners to ignore them. The
same results could be achieved by market forces without the planning
cost of the government bureaucracy. In fact, this approach is only
mentioned because of the number of times it has actually been applied.
Irrigation projects have been planned and built while ignoring down-
stream salinity. Surface-water supplies have been developed with no
thought to their influence on ground-water users. Reservoirs have been
built with no prior analysis of the effect of reduced sediment flow on
downstream channel stability. Planners must do better.

2 The second possibility is to catalogue and evaluate every externality
in a truly comprehensive plan. However, the conceptual problems
which would be encountered and the magnitude of the task in suc.h a
colossal undertaking make the comprehensive approach imp‘ractlcal
if not impossible. Even if a good j(?b could be done, the planning cost
would quite likely exceed the marginal benefit of the improved results.

1 Stephen A. Marglin, Objectives of Water-resource Development, in Maass et al., op. cit., pp. 55-58.
ephen A. :
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3 A variation on comprehensive planning 1s to internalize the externg].
ities by merging all the parties subject to external effects into g com-
mon firm. While this approach may prove valuable for industries with
closely linked production functions, it is no answer for water resources
planning. The resulting monopoly would negate the normative signif.
icance of the market and require its replacement by mathematicg)
planning. All the difficulties of the second approach would have beep
introduced, and many values once established by the market would be
distorted for good measure.

J A fourth approach is to attempt, by legal means, to prevent external-
ities from occurring. This may be done either by the passage and
enforcement of legislation or by court action. Numerous laws deal with
such subjects as land use on flood plains, water pollution control, and
channel encroachments. Court decisions have established precedents
in cases on water rights, disposition of drainage water, and other
external diseconomies where a single individual can be held directly
responsible. However, settlements often depend more on political
power and legal persuasiveness than on objective analysis. Laymen

can hardly be expected to reach a meaningful decision on technical
matters without technical advice.

5 One may wonder what course 1s left if one cannot successfully handle
externalities by i1gnoring them, comprehensively analyzing them, or
preventing them. All spillovers can be tabulated qualitatively. The
major ones can be selected and evaluated quantitatively so the values
can be incorporated into project optimization. Whether or not an effect
should be evaluated depends on whether the nature of the optimal
project 1s sensitive to the effect. In accordance with this rule, major
technical spillovers require serious analysis; but the consumers-surplus

triangle 1s normally too small to require detailed analysis of pecuniary
spillovers.

5-11 NATURAL MONOPOLY Another deviation from the model of

pure competition that serves as a justification for government activity 18
caused by natural monopoly. Monopoly occurs when the optimum plant
size (Sec. 4-15) supplies a large enough portion of total market demand to
influence market price. Economic efficiency requires that the market price
equal marginal cost. However, to any firm finding its price dependent on
its output, marginal revenue is less than price; and to maximize profit, the
firm will equate marginal revenue with marginal cost. The consumers will
be getting less than optimum level of output at a higher price. In addition,
the firm will be receiving monopoly profits. To promote efficient resource
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FIGURE 5-2 Decreasing-cost situation.
1tical i
o utilization the monopoly must be regulated or managed by the govern-
. ment so that market price equals marginal cost.
nical o : : :
or a natural monopoly, average cost is decreasing at the point of
dl optimal output (i.e., where price equals marginal cost). Where average
G costs are decreasing because the optimum scale of the plant 1s large com-
el pared with market demand, average costs will always exceed market price.
The As illustrated by Fig. 5-2, optimum output is y, unit revenue 1s p, and
alues average unit cost is ¢. The smallest average cost occurs when the market
3ffect is cornered by one producer, all other producers are eliminated by the
3111.‘131 market, and natural monopoly results.
1a]Or Natural monopoly is characteristic of many utilities as well as water
plus resource development where reservoir sites are limited, large-scale invest-
ary ments are required, and duplicate distribution systems are impractical. A
common solution is to allow private enterprise an exclusive market but to
regulate charges by the utility to yield only a fair return on 1ts investment.
Some utilities may be government owned to serve as a bench mark for
el of ' regulation of the remaining private utilities. A third possibility 1s govern-
by 18 { ment ownership of the entire utility complex.
lant
d to
rice , j
t on Adjustments Required by Multiple Goals
the
will

Two steps are required to adjust project planning for economic efficiency

’. l s A » 3 ala
iy to incorporate other social goals. An acceptable measure of progress
irce
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toward each relevant goal [G in Eq. (5-1)] must be established. The megs.
ure must indicate progress toward a more stable economy, deSil‘able
income distribution, or satisfying environment. Secondly, an acceptable
procedure must be developed for weighing goals. Specific discussion fo]]gy«
for each of the four noneconomic goals generally considered most relevant

to water resources planning.

5-12 STABILIZATION OF THE ECONOMY The national econ-

omy 1s characterized by cyclic fluctuation in employment levels. A market
economy periodically fluctuates between expansion and retraction because
of the time lag before market equilibrium can be reestablished in response
to changing demand or supply. When supply exceeds demand, producers
reduce output, workers lose their jobs, and spendable income is reduced.
As demand is further reduced, the resulting deflation may bring extensive
unemployment before conditions stabilize and recovery begins. The most
severe cycles may lead to general economic breakdown or what has been
called general or Keynsian unemployment. Such conditions spread through-
out the world in the 1930s. When demand exceeds supply, producers
increase output, workers become in short supply and can command higher
wages, and spendable income is increased. As more money becomes avail-
able, Increasing price levels produce an inflationary condition which hurts
fixed income groups and discourages long-term investment. Such condi-
tions increased prices in Germany by a factor exceeding 10'° in the 1920s.

Government uses fiscal and monetary measures to prevent severe
fluctuations. Fiscal measures implement government’s taxing and expen-
diture powers. In principle, if inflation prevails, the government can reduce
demand by increasing taxes and reducing its expenditures. If depression
threatens, the government can increase demand by reducing taxes and
increasing expenditures. Monetary measures adjust the money supply.
The Federal Reserve Board can reduce the supply of money in time of
inflation and increase it in time of depression. It does this by (1) selling or
buying government bonds in the open market—selling bonds will reduce
the money supply while buying bonds will increase the money supply—;
(2) making or restricting loans to Federa] Reserve Banks—making loans
increases the reserves of the banks and allows them to increase loans to
others—; and (3) changing bank reserve requirements—the higher the
reserve requirements, the lower the money supply, and vice versa.!

The economic analysis of engineering alternatives normally assumes
that government fiscal and monetary policy successfully stabilizes the

I Paul A. Samuelson, “Economics: An Introductory Analysis,” 5th ed. (New York: McGraw-Hill
Book Company, 1961), chap. 17.
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economy at a high level of resource utilization. It would be Inconsistent
for government agencies planning water resources development to base
their decisions on the assumption that policies for economic stabilization
will fail. If depression should oceur, projects can be reevaluated with lower
interest rates to reflect the lower opportunity cost of capital and with
lower prices for resources to indicate their lower input cost. Nevertheless,
long-term planning should proceed with the assumption of high employ-
ment and price stability, especially in view of the fact that the lead time
required for project construction exceeds the duration of economic cycles.

General unemployment is not the only type of unemployment which
may be reduced to improve economic stability. Structural unemployment
involves groups who, because they lack necessary skills, are unable to find
work even when the overall economy is booming. Structural unemploy-
ment may result when changing demand patterns (horse-drawn carriages
to automobiles) or changing production techniques (hand to machine sew-
ing) eliminate the demand for once valuable skills. Others structurally
unemployed may have never acquired any productive skill. Water
resources projects are generally planned on the assumption that govern-
ment educational and training programs are more successful in combatting
this problem. However, under some conditions, project design or the con-
struction methods should be modified so as to make greater use of the less
skilled. The social cost of using unemployed resources is zero, and equating
the marginal rates of substitution among project inputs shows the optimum
policy 1s to increase use of unemployed resources until their marginal
physical product becomes negative. However, the unskilled become trained
in time, and project planning should not be based on a zero resource cost
over the entire project life.

Regional unemployment includes groups which are unemployed
because they prefer to live in familiar surroundings and remain unemployed
than to move to a new location to find a job. Areas whose basic economy is
tied to a declining industry present the most ecritical problem (New
England textile mills or Appalachian coal mines). After people are thrown
out of work, it takes time for them to move to find a new job. People who
value their homes and neighborhood more highly than a steady income
may not move at all, and regional adjustment may require two or three
generations. While this problem also is not one which water resources
development can solve very effectively alone, projects providing e.lectrl(:
power, navigation, flood control, or other services may attract ne\\'.u.ulus-
try to increase regional employment. Such an approach to stu.bllzmg a,
local economy is closely related to the goal of regional development (Sec.

5-14). |
Underemployed resources are not used to their full productive capac-

=
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While water resources development is not a particularly efficient
measure for nationwide economic stabilization, projects can be used tg
reduce the variability of annual regional income. Water development t
broaden an agricultural or provide an industrial base can reduce the income
fluctuations characteristic of a single-crop economy. Flood control reduces
income fluctuations caused by periodic large damages. A project producing
benefits which remain fairly constant from year to year or a project reduec-
ing damages into a more uniform annual pattern introduces greater econ-
omic stability. A useful index for measuring project effect on economic
stability 1s the change in standard deviation of the annual income of the
beneficiaries. A sample calculation for flood control is given 1n KExs. 10-4
and 10-5. The value judgment used to pick V, for Eq. (8-7) is essentially
the selection of an appropriate welghting factor for combining stabiliza-
tion with economic benefits.

9-13 INCOME REDISTRIBUTION The distribution of income and
wealth within a society is determined by the rules governing property
ownership and inheritance, market transactions, and taxation and by the
distribution among individuals of educational opportunity, ability, and
motivation. ¥ndivi.duals view the resultant distribution with varying
degrees of satlsfactlog. Collective dissatisfaction may through the pnliticu-l
PTOCesS promote action to redistribute Income to poorer
process has produced progressive income taxes and transt
veterans, the aged, and the unemployed. |\
protection, farm subsidies, and fajr trade
income redistribution.

Water resource projects have bee
for redistributing income fro

groups. The
er payments to
[Inimum wage legislation, tariff
legislation are other forms of

. [l proposed as an additional method
to be kept in mind. Wat Rilce to poorer groups. Several facts need
redistributing inc ! 161“ TGSOUII;ce Projects are not particularly efficient in
‘ 1tome because the rich alw '
always reap part of the b -
the poor alwavs nas o part o1 the benefit and
p lways pay part of the cost. The magnitude of water project

expenditure is su ' '
. D 2B ¢ c.h a. smal.l part of the national income that a maior
Income redistribution is unlikely hnans,

< : - \ !
o o i to be ever achieved. Failure to 1ncorpor-
sarily mean the obiject; 5 OGXphCltly 4S a project objective does not neces-
ALy I 1€ objective is not considered worthwhile. 1% osils macnine 5

ly in some other way.
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Explicit analysis of the Income redistribution effects of a specific
water resources project requires determination of the incidence of project
benefit (and cost) among Individuals by income category. The value judg-
ment of weighting-factor selection comes in placing a higher value on
benefits to those in one income group than in an other. Income redistribu-
tion to the poor is encouraged by using weighting factors inversely related
to Income. An explicit approach 1s presented in Sec. 8-10.

The redistribution of income is reduced as beneficiaries are required
to pay for project output. Income redistribution effects may be even more

important as a tool in financial analysis to determine who should pay than
they are in economic analysis.

5-14 REGIONAL DEVELOPMENT The geographical distribution
of economic growth within a soclety 1s determined by the historical
response to topography, climate, trade routes, mineral deposits, soil
fertility, international disputes, and a host of lesser physical, economic,
and social factors. Collective dissatisfaction with the resultant distribution
may spring from a number of causes. Settlement of underdeveloped areas
may i1mprove military security, lay the groundwork for a future more
broadly based economic expansion, and provide new opportunity for the
dissatisfied. The ill effects of extreme population congestion may be
mitigated. New industry may be brought into rural areas to alleviate
urban migration caused by an increasing economic farm size. A thriving
rural community can provide better public services to the benefit of long-
time residents.

Water resources projects have been proposed as an element of a
public program to encourage economic development in lagging regions.
The effectiveness of such a program depends on the degree to which an
Inadequate supply of the kinds of output water resource projects can pro-
duce has served as a bottleneck to regional growth. Water resources devel-
opment can make a major contribution through provi(.iing water to a
desert, dry land in a swamp, electricity to those Stlll. using kerosene, or
transportation for exporting a mineral ore. In other situations, economic
growth may be restricted in ways which make water resources projects
ineffective. S
Explicit analysis of the regional d.evebpment cguspd by a pr(.,lflC
water resources project requires determination of the incidence of project
benefit and cost by geographical location. As benefits tend to conccntmtc:
In the area near the project location while Cf)sts are spread m(;)r(i‘e?/f*;.lliy)
throughout the country, project construction implies an eco‘r)lonilfc Ixlelcic)(:
on the part of the rest of the country to develop a local area. If develoj
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ment in the local area is judged more importqnt than developm.ent else- :
where, a project with a net negative economic benefit can be Justifieq sof
However, such a decision should reflect a national consenses and not the the
skill of the few who stand to receive large gains at outmaneuvering the

many who have to make a small sacrifice. The legitimate goal of regiong] 2N
development should not be confused with the failure of some project SE
planners to take the national viewpoint. Regional development in the ATT
national interest 1s best encouraged by deriving acceptable welghting
factors to apply to cash flows by geographical location.

Project development in a small nation or other limited trade area may
find 1t advantageous to favor locally available to imported inputs. Where
the balance of payments requires that imports be limited to what can be
financed from exports sold, the available foreign exchange should be used
in the manner best promoting national goals. It is seldom possible to import
all goods having an economic value exceeding their cost. A shadow price
multiplier should be used in project planning to make sure the limited

imports are used effectively. The appropriate A can be estimated by the
procedure used in project ranking (Sec. 9-12).
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5-15 ENVIRONMENTAL QUALITY Unless explicit safeguards are
introduced, planning based on economic eriteria may Inadvertently destroy Hu
the quality of environment required to preserve man’s psychological and
even long-run physical well-being. Even though individuals differ widely P1g
in environmental preference, common consensus is often reached to sup-
port unique natural areas and some open countryside and oppose destruc- W
tive pollution or excessive congestion and resultant blight.

Structural measures for water resources development are widely
viewed as having a destructive influence on environmental quality. The |
conflict can be mitigated by introducing an esthetically more pleasing Ph
design or by achieving project objectives through nonstructural measures. 0-1
Explicit analysis requires both precise definition of what aspect of environ-
mental quality is to be preserved or promoted and development of an
index proportional to the quality achieved. Different indices apply in dif-
ferent situations. Sometimes physically measurable quantities such as
acres of open land or wildlife populations may be used. Other times more
indirect measurement through preference rating based on photographs
may be possible. Often environmental quality must itself be handled as a
multidimensional goal.

.It.is very import-zf,nt to remember that planning should seek to
maximize the total soglal weltare function and not Just environmental
quality alone. The quality of the environment is usually only improved at
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would goal G require to favor alternative 4,? How low would the
weighting have to drop to favor alternative A4;? |

¢ For the optimum alternative of part @ and assuming equa] weight.
ing for the other two goals, for what range in the weighting factop
for goal G; would the same alternative be selected? What range for
goal G;? What range for goal G;?

List as many arguments as you can in support of the abundancy
approach to planning. List as many arguments as you can Supporting
the efficiency approach. Evaluate the two approaches according to
their ability to provide practical guidance to planning decisions.

What other considerations are required in choosing between the two
approaches?
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a sacrifice In national and regional ineome
compromise can only be reached through
the cost of achieving environments of pr

and employment. A reasonable
Specific information quantifying
ogressively higher quality.
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PROBLEM S

0-1 Management has three goals which it desires to attain and consider

° srnatives ¢ ally exclu-
of equal importance. The available alternatives 1rel‘rm‘1t"u m‘;’l‘”‘izcd
sive and provide degrees of progress toward Yhe-goa’s as SR

In the following matrix:

G, G G
4, 70 12 9
4, 405 g n v 3
4, 25 " 60 11
4, X T T
4; 15 1 150 g5

A0
- e et e b0l be preferred! DR
Z ;]thh shierngie it 40 18 Illy important, at least what weighting
f goals @, and G'; were equally
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