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TECHNIQUES TO MEASURE SOCIAL BENEFITS AND COSTS 
IN AGRICULTURE: A SURVEY 

By Jitendar S. Mann 

• 

INTRODUCTION 

In the last few years, great interest has been shown in 
evaluating the social benefits and costs of various public 
policies and programs. The cost-benefit technique has 
been used extensively in the evaluation of specific proj-
ects, such as those on river basins. The recent trend has 
been to measure changes in consumer's and producer's 

Abstract: Development is traced of the concepts 
of consumer's and producer's surplus, and the 
uses and limitations of these concepts for public 
policy analysis are examined. The applications 
to price stabilization and policy programs are 
surveyed. The use of decision theory as an alterna-
tive to measurement of surplus is also examined. 
Keywords: Consumer's surplus, producer's surplus, 
stabilization, policy analysis, decision theory. 

surplus associated with a specific program and to com-
pare with program costs the benefits thus computed. 
A well-known example is Hayami and Peterson's study 
of the Statistical Reporting Service's crop forecasting 
(41).' The technique has been used extensively by Har-
berger (37, 39), particularly for measuring the effect of 
taxes. 

In this article, I survey techniques used to measure 
social benefits and costs.' I also examine existing con-
troversies as to the theoretical validity of the techniques. 
A brief history of the concept of surplus appears first, in 
the following section. An earlier survey of consumer's 
and producer's surplus is that by Currie (21.) The focus 
of my survey is the use of consumer's and producer's 
surplus. The more traditional types of cost-benefit analy-
sis is treated extensively by Prest and Turvey (77), Kru-
tilla (57), Lesourne (59), and Mishan (70). 

' Italicized numbers in parentheses refer to items in 
References at the end of this article. 

This survey is by no means exhaustive. The selection 
of studies included in the discussion is influenced by the 
author's biases. 

THE CONCEPT OF SURPLUS 

The idea of measuring social benefits was first pro-
posed by Dupuit (27) in 1844 and developed further by 
Hotelling (48). Without recognizing the theoretical diffi-
culties in measuring utility, Dupuit (27) distinguished 
between total and marginal utility. An engineer by train-
ing, he was trying to determine criteria for the social 
value of collective goods such as roads, canals, and 
bridges. He argued that the value of a social good is 
greater than the price actually paid, that most people 
would be willing to pay more than they actually do. He 
measured the total benefit by the aggregate of maximum 
prices that would be paid for successive units of the 
commodity. The difference between this total benefit 
and the total cost of the product to the consumer he 
called "Consumer's Surplus". It was measured as the 

Dupuit distinguished between total and marginal 
utility.... He argued that the value of a social good 
is greater than the price actually paid, that most 
people would be willing to pay more than they 
actually do.... The difference between this total 
benefit and the total cost of the product to the 
consumer he called "Consumer's Surplus." 

area under the demand curve and above the price line. 
Dupuit considered the effect of an increase in tax on a 
commodity, concluding that the loss of utility associ-
ated with a heavier tax increases as the square of the 
tax. He recognized that the yield of a tax to Treasury is 
no measure of the loss to society. Dupuit neglected the 
dependence of surplus on the consumption of other 
goods and services, the problem of aggregation, and the 
difficulties of measuring utility. 

Reiterating the ideas of Dupuit, Marshall based his 
concept of consumer's surplus on the principle of 
diminishing marginal utility of a commodity (63). 
According to him, "the excess of price which he [the 
consumer] would be willing to pay rather than go with- 
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out the thing, over that which he actually does pay, is 
the economic measure of this surplus satisfaction. It may 
be called consumer's surplus." This benefit is derived 
from a man's opportunities, from his environment, or 
"conjuncture." Marshall developed similar concepts for 
worker's surplus and saver's surplus. He recognized that 
the area under the demand curve and above the price 
line provided an unambiguous measure of consumer's 
surplus only if the marginal utility of money is constant. 
He also noted that the demand curve may be asymptotic 
to the price axis and that the area under the curve is in-
finite. (See also Samuelson, 80). 

Marshall discussed the effect of tax and subsidy on 
consumer's surplus. In recognition of the difficulty of 
measuring the area, he limited his applications to changes 
in surplus. Considering separately commodities produced 
under constant, diminishing, and increasing returns, he 
concluded that there is net social loss from subsidy to an 
industry producing under diminishing returns. For an in-
dustry with increasing returns, the decrease in consumer's 
surplus from a tax is greater than the revenue to Trea-
sury. Thus there is a net loss in social welfare from a tax 
on an increasing returns industry. The desirability of 
subsidy to such an industry is based on the observation 
that the industry will otherwise operate at less than the 
optimum output. It will do so because, for decreasing 
cost, the price exceeds the marginal cost. A positive 
measure, such as a subsidy, is needed to push output 
toward the optimum level. Marshall concluded that "if 
therefore a given aggregate taxation was to be levied 
ruthlessly from any class it will cause less loss of con-
sumers' surplus if levied on necessaries than if levied on 
comforts." Ironically, this would imply a tax on an 
industry which produces necessities of life (much of 
agriculture) and subsidization of increasing returns in-
dustries that produce luxuries.' 

These ideas of Dupuit and Marshall were, as men-
tioned, developed further by Hotelling (48). He consid-
ered whether services of a public project (such as a rail-
way) should be sold at a price high enough to cover 
total cost. He considered a set of n commodity demand 
functions, and a set of n marginal cost functions. Defin-
ing excess demand functions as the difference between 
the demand and cost functions, one measures the total 
net benefit by the line integral of that function. The 
integral is independent of the path of integration if cer-
tain integrability conditions are met. The same measure 
was established by Hotelling through the use of the ordinal 
indifference curves. He derived a fundamental theorem: 

If a person must pay a certain sum of money in 
taxes, his satisfaction will be greater if the levy 
is made directly on him as a fixed amount than 
if it is made through a system of excise taxes 
which he can to some extent avoid by rearrang-
ing his production and consumption. 

For a different interpretation of Marshall's ideas on 
increasing returns, see Young (105). 

Boulding discussed the elementary concepts of con-
sumer's and producer's surplus using demand-supply 
curves and also indifference curves (12). He pointed out • 
the difference in the measures when one drops the 
assumption of constant marginal rate of substitution be-
tween the commodity and money. Hicks showed what 
happens in this case: "What ceases to hold is true equiva-
lence between the consumer's surplus and triangle 
[under the demand curve] and a correction has to be 
introduced to overcome the discrepancy (44). 

The earlier analyses are based on the condition that 
individual preferences can be added into community 
preferences. This possibility requires the assumption 
that all persons have identical, homothetic preferences, 
and the implication is that the marginal utility of income 
is the same for persons at all income levels. For an ex-
amination of implications of these assumptions about 
marginal utility, see Samuelson (80.) 

Hicks attempted to reformulate the concept of con-
sumer's surplus by using indifference curves to overcome 
the objection to the measurability of utility. (44, 45). 
Measuring income on the Y axis and the commodity on 
the X axis places the consumer with an initial income of 
Yo  (and no X) on indifference curve I (fig. 1). At a price 
given by the slope of YoPi, he buys OH and moves to 
indifference curve Il. He is willing to pay FR (in money) 
to stay on indifference curve I after the commodity is 
introduced. He has to pay FB for OH of X if the price is 
P1. The difference, BR, is the consumer's surplus. This, 
however, does not allow for the variation in marginal 
utility of money. To meet this last criticism, Hicks intro-
duced the concept of four types of surplus (21, 45): 

• Compensating variation is the amount of compensa-
tion that will leave the consumer in his initial welfare 
position following a price change, if he is free to buy 
any quantity of the commodity at a new price. It is 
the most that the consumer will pay for the privilege 
of buying at the new price. For a fall in price from 
Po  to P1 in figure 1, the compensating variation is 
YoYl• 

• Compensating surplus is the amount of compensation 
that will leave the consumer in his initial welfare posi-
tion following a change in price, if he is constrained 
to buy at the new price the quantity he would have 
bought without compensation. In figure 1, the com-
pensating surplus equals BC. 

• Equivalent variation, YoY2 in figure 1, is the amount 
of compensation that will leave the consumer in his 
subsequent welfare position without a change in 
price, if he is free to buy any quantity at the old 
price. It is the most amount of money that the con-
sumer must be paid so that he is as well off without 
the new price. 

• Equivalent surplus is the amount of compensation 
that will leave him in his subsequent welfare position 
without a price change, if he is constrained to buy at 
the old price the quantity he would have bought at 
that price with no compensation. It is AD in figure 1. 
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FIGURE 1 

Hick's Principle of Variation 
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In Earlier Issues 

The problem in regard to sugar in the early years of 
the war was essentially one of shipping; in the later years 
it was one of production. Prices were held at the lowest 
level too long, for the value of the savings to consumers 
at high levels of prosperity was questionable when higher 
prices would have been more encouraging to producers 
than the uncertain and deoayed CCC programs. Great 
increases in production in Cuba returned a substantial 
profit, but the bulk of its crop was sold to us at a rea-
sonable price. Many of the programs to encourage the 
production of domestic beets were of the category of 
too-little and too-late; domestic beet processors were 
worse off than any other branch in the industry in the 
1943-45 period because of apparent lack of interest in 
their problems at official policy levels. Sugar rationing, 
despite its shortcomings, was the most successful of the 
food-rationing programs and, unlike rationing of other 
foods, was not removed until adequate supplies were 
available. Equitable distribution of sugar throughout 
the country was one of the outstanding achievements 
of the OPA—made possible through the wholehearted 
cooperation of the entire sugar industry which was 
subject to more rigid controls than any other industry. 

"Review of: Sugar and Its Wartime Controls, 1941-47 
(Earl B. Wilson) by Maxwell I. Klayman. AER, Vol. I, 
No. 3, July 1949, p. 103. 

These ideas are generalized to a simultaneous change 
in several prices by the use of Paasche and Laspeyres 
index numbers. When the income effect of a price 
change is zero, the above four measures give identical 
results. Note that the compensating variation for a rise in 
price is equal to the equivalent variation for an equal fall 
in price. Conversely, the compensating variation for a 
fall in price equals the equivalent variation for an equal 
rise in price. 

Dissatisfaction among economists about the useful-
ness of consumer's surplus has brought outright condem-
nation by Samuelson (79) who remarks: "The subject is 
of historical and doctrinal interest, with a limited amount 
of appeal as a purely mathematical puzzle."4  Graaff fur-
ther points out the difficulty of applying the tool of 
consumer's surplus to finite, indivisible changes, the 
problem of redistribution of gains and losses, and the 
effect of proposed policy changes on prices (33). On the 
other hand, Harberger (40) makes an appeal to accept 
three postulates of applied welfare economics as a part 
of the traditional framework of analysis: 

• The competitive demand price for a given unit mea-
sures the value of that unit to the demander; 

• The competitive supply price for a given unit mea-
sures the value of that unit to the supplier; 

• When evaluating the net benefits or costs of a given 
action, one should normally add the costs and bene-
fits accruing to each member of the relevant group 
without regard to the individuals to whom they 
accrue. 

However, Harberger also admits (37) that "workers in 
this field must be ready to content themselves with 
results that may be wrong by a factor of 2 or 3 in many 
cases." This is a very important statement which users of 
the analysis should remember. 

Willig derived exact upper and lower limits in approx-
imating the compensating and equivalent variation with 
consumer's surplus (102). The limits depend on the con-
sumer's base income and income elasticity of demand. 
He shows that, for example, if the consumer's income 
elasticity of demand is 0.8 and the area under the 
demand curve between the old and new prices is 5 per-
cent of income, then the compensating variation is with-
in 2 percent of the surplus measured as area under the 
demand curve. This simply rewords Hotelling's observa-
tion that consumer's surplus "breaks down if the varia-
tions under consideration are too large a part of the total 
economy of the person." However, Willig did not con-
sider the issue of aggregation from consumer's surplus 
to social benefit to the society.' 

Mishan has expressed concern about the advisability 

4 Note, however, that Samuelson used the concept 
under the name of social payoff in (81). 

sHis concluding sentence is noteworthy. "At the level 
of the individual consumer, cost-benefit welfare analysis 
can be performed rigorously and unapologetically by 
means of consumer's surplus." 
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of measuring producer's surplus (69). He considers a 
person maximizing his utility function subject to the 
constraint that the sum of expenditures and earnings is 
zero (66). The person is considered to supply goods 
and services. He points out that here there is no income 
effect, and he uses the term "welfare effect." He sug-
gests the concept of rent as economic surplus which 
should be measured as a compensating or an equiva-
lent variation. Economic rent is a money measure of 
welfare change from a movement in factor prices. 

Mishan further points out the importance of distin-
guishing between shortrun and longrun supply functions 
(69). The area above the supply curve measures produc-
er's surplus only for a special type of supply curve; 
namely, one for a period during which output can be in-
creased by adding to the fixed factor quantities of 
other factors which are imperfect substitutes but 
perfectly elastic in supply. When all the factors are vari-
able, we cannot derive a producer's surplus from a sup-
ply curve. It is not clear whether the producer is an 
entrepreneur or the owner of factors of production. 
Mishan recommends that the ambiguity can be avoided 
by banishing the term "producer's surplus" and concen-
trating on economic rent as a measure of surplus. The 
issues raised by Mishan are faced by Peterson in his 
study of poultry research (76) and by Ayer and Schuh in 
their study of cotton research in Sao Paulo, Brazil (5). 
After analyzing economic surplus, Ayer and Schuh dis-
cuss the effect of research expenditures on capital, value 
of land and labor income. 

Winch has shown that consumer's gain can be esti-
mated within certain limits allowing for compensation in 
the sense of Hicks (103). The net gain or loss resulting 
from aggregation is a valid measure only if the society is 
indifferent to the redistribution of gains and losses. 

As pointed out by Little (61, chapter 10), consumer's 
surplus is based on partial analysis only. It is assumed 
that no significant price change occurs elsewhere in the 
economy. This assumption is possible in the longrun 
only by assuming constant costs. Alternatively, the 
product under discussion may be independent of all 
other goods, using only a very small fraction of the avail-
able resources. Further price must be equal to marginal 
cost—pure competition—everywhere. Little concludes 
that consumer's surplus is a totally useless theoretical 
toy because it cannot provide a practical, objective cri-
terion for public policy. 

APPLICATIONS TO PRICE 
STABILIZATION 

There has been a long debate on the effects of price 
instability and the social benefits and costs of stabiliza-
tion programs. Waugh, assuming a negatively sloped, 
stable demand curve, studied the effect of shifts in sup-
ply (98). Total consumer's surplus from a series of varia-
ble prices will be greater than if the price were stabilized  

at the arithmetic average. He stated a theorem on the 
benefits of price instability: 

Let the price of any commodity or service be P1 
in one period of time and P2 in another equal 
period. If these prices are unequal, every individ-
ual consumer of the commodity or service will 
enjoy a greater average consumer's surplus in the 
two periods than if the price were stabilized at 
the arithmetic mean, Po  = 1/2 (P1 + P2). 
He compared the constant price Po  with the price P1 

in one period and P2 in the other. When the price is OM, 
the loss in consumer's surplus (compared with the con-
stant price OL which is average of OM and OG) is MNJL 
(fig. 2). When the price is OG, the gain in consumers' 
surplus is LJEG. Evidently, there is a net gain compared 
with behavior in a stable price situation. 

According to Waugh, the net gain in consumer's sur-
plus from instability is the areas NQJ and JRE, assuming 
a linear demand curve. Over time, the net gain in con-
sumers' surplus is approximately: 

1/2 6kAle 

where 8 k is change in price, k the associated change in 
quantity, and k is a time index. The gain in consumer's 
surplus is approximately proportional to the square of 
the price variation.6  A doubling of price variation quad-
ruples the net gain in consumer's surplus. 

Commenting on Waugh's theorem, Howell raised sev-
eral objections (49). He pointed out that Waugh had not 
shown that the specified price (arithmetic mean) was the 
only one, or the most feasible one, at which prices may 
be stabilized. He demonstrated that "if prices were sta-
bilized at or below the weighted average of P1 and P2, 
every individual consumer of the commodity or service 
would enjoy a larger average consumer's surplus than if 
the prices were not stabilized at all." In determining the 
feasibility of price stabilization, one should also consider 
the effects on producers' income and quantities con-
sumed: 

Price stabilization operations may give results 
varying all the way from increases in average con-
sumer's surplus, in gross income to producers, 
and in average quantity demanded to decreases in 
average consumer's surplus, in gross income to 
producers, and average quantity demanded, in-
cluding various combinations of those results, 
depending upon the point at which prices are 
stabilized and upon the shape of the demand 
curve. 
Howell also pointed out that, in measuring consum- 

er's surplus, an assumption of constant marginal utility 
of money had been made. 

Similar objections to Waugh's analysis were also 
raised by Lovasy (49). She stated that the Waugh 
theorem is correct only if demand is stable and if the 

6  This fact has been used by researchers to analyze the 
problem with quadratic programming. 
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prices of different goods do not vary in constant ratio to 
one other. 

Waugh replied by rewording his theorem (49): 
Let the price of any commodity or service in n 

equal periods of time be Pi, P2,—Pn. Assuming 
that demand is stable and that the demand curve 
slopes downward to the right, stabilization of the 
price at or above the simple arithmetic mean 
1 —n  (Pi + - - + Pn), would reduce the consumer's sur- 
plus of each individual consumer, while stabiliza-
tion of the price at or below the weighted mean, 

P1Q1 - PnQn 

FIGURE 2 

Schematic Diagram of 
Social Costs and Benefits 

In Earlier Issues 

Early in that period of industrial growth (1865-1918) 
. . . (Henry C. Adams) had caught its meaning when he 
asserted that the central problem of economics "is prop-
erly to correlate public and private activity so as to pre-
serve harmony and proportion between the various parts 
of organic society." . . . This history causes one to 
ponder the view that the English have held a monopoly 
on the development of economic theory; for men like 
Walker, Adams, Clark, Taussig, Davenport, and Mitchell, 
were exploring the unknown in as profound a sense as 
their British cousins. .. . pure competition theory was 
probably no more applicable to the nineteenth century 
than to the twentieth. ... The emphasis on marginalism 
and other tools of analysis in the development of theory 
had the immediate effect at least of removing economic 
theory from the arena of economic action.. .. Econo-
mists cloistered in academies of higher learning were 
refining the theory of pure competition as the operators 
were engaged in organizing and reorganizing business 
firms into monopolistic combinations. 

"Review of: The Economic Mind in American Civiliza-
tion (Joseph Dorfman) by Willard W. Cochrane. AER, 
Vol. I, No. 3, July 1949, pp. 99-100. 

Q1 	Qn 	
would increase the consumer's 

-  
surplus of each individual consumer. 
Unaware of Waugh's work, Oi enunciated a similar 

proposition for the producer: "Given a fixed expected 
value of price, P, the greater the variability of price 
about the expected value, the greater will be the ex-
pected profit" (74). He assumed that firms maximize 
shortrun profits during each period, and that the mar-
ginal cost curve of each firm is upward sloping through-
out the relevant range. Given a convex profit function, 
it follows that the average of profits for varying price 
is greater than the profit at average price. Tisdell pointed 
out that the errors of price forecast by producers will 
lead to different results (92). 

Samuelson stated a theorem in terms of the compen-
sation principle and showed that Waugh's theorem is a 
special case (82). However, he demonstrated that, "in a 
closed system, when it goes from stable prices to unsta-
ble prices it must necessarily have those unstable prices 
average out to higher than the stable prices." Thus, he 
doubted the feasible application of Waugh's theorem, 
even as a special case. 

Massell integrated the two approaches and considered 
sources of disturbance both in demand and supply (64). 
He showed the benefits of error elimination to con-
sumers and producers. He assumed linear demand and 
supply curves and additive stochastic disturbances. 
Massell set up a model including supply and demand 
curves which incorporate continuously distributed ran-
dom shifts: 

S = op + x 

D=-13p+y 

where S = quantity supplied, D = quantity demanded, 
p = price, a and are constants, and x and y are random 
variables with means Mx and My, variances uxx  and Gyy, 
and covariance equal to zero. The expected value of 
gains from stabilization of price at expected value are: 

(a + 20) Grxx -- ccoYY 

2 (a +13)2 
E(Gp) 
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(2a + (3) ayy - Oaxx  

2 (a + 6)2  

where Gp and Ge  are given to producers and consumers. 
Total gain is 

E(G) = 
ayy  axx [a +  

°PP 2 (a + 6) 	2 

where app is the variance of price. Massell made these 
conclusions: 
• Producers lose (gain) from price stabilization if the 

price instability is due to random shifts in demand 
(supply). This is Oi's case which was criticized by 
Tisdell. 

• Consumers lose (gain) from stable price if the price 
instability is due to random shifts in supply (demand). 

• Where both demand and supply shift randomly, the 
gains to each group are indeterminate and depend 
upon the relative sizes of the variances and upon the 
slopes of the demand and supply curves. 

• Provided neither the demand curve nor the supply 
curve is perfectly elastic, the total gains from stabili-
zation are always positive, with gainers being able in 
principle to compensate the losers. With infinitely 
elastic functions, all gains tend to zero. 

Massell recognized the problem of compensation by the 
gainers to the losers. However, he gave no operational 
plan for redistribution of benefits. Massell assumed that 
the commodity under discussion is a very small part of 
producer sales and consumer purchases so that the change 
in its price leaves the marginal utility of money un-
changed. Turnovsky generalized the results by consider-
ing errors following a Markov process (94). He considered 
the case wherein supply decisions are based on price ex-
pectations of two types—adaptive and rational. Turnov-
sky's major conclusions appear below: 
• The Oi's proposition that producers lose from price 

stabilization if price instability is due to demand fluc-
tuations depends on how the expectations are gener-
ated and on the moving average properties of the 
error term. 

• If the expectations are formed rationally, Oi's result 
holds, provided the errors in the demand function 
have positive or negative serial correlation. 

• If the expectations are formed adaptively, Oi's prop-
osition will not hold, unless the error terms in the 
demand function have high positive serial correlation. 

• The Waugh proposition for consumers will hold under 
either form of expectation. 

• Massell's result that producers and consumers gain 
from stabilization holds in both cases. 

• Massell's quantitative results remain unchanged under 
rational expectations. Some differences result with 
adaptive expectations. 

Analysis is based on the assumption that total welfare 
can be measured by the sum of producer's and consum- 

er's surplus. Subotnik and Houck extended the analysis 
to problems when consumption is stabilized (90). 
Assuming rational expectations, they compared the ben-. 
efits from stabilizing prices at their mean to those of 
stabilizing consumption and production at their means. 

Most researchers ignored the so-called "middleman" 
when analyzing the distribution of gains and losses. 
Bieri and Schmitz examined the case in which mono-
polistic middleman would gain by destabilizing prices 
to producers (9). They considered a case of two time 
periods with demand and supply functions defined for 
each period. They also include a storage cost function 
in their model. Finally, they examined the case of a pure 
middleman who maximizes profit and the case of a pro-
ducer marketing board which maximizes returns (includ-
ing producer's surplus) to producers. 

In another, later article, Massell examined the effects 
of a buffer stock on expected value and variance of pro-
ducer's income (65). He considered an agricultural com-
modity with demand and supply curves: 

D = - 6p + y 

S = x 

where D = demand, S = supply, p = price and y and x are 
random variables. The stabilization program involves a 
transformation of the demand curve. Massell examines 
the effect of stabilization in two stages: (1) eliminating 
the stochastic term in the demand curve and (2) rotating 
the demand curve to increase its slope. He shows that 
stabilization increases expected value and decreases vari-
ance of producer's income. Thus he includes producer's 
risk aversion in his analysis. He analyzes the welfare im-
plications of stabilization by using indifference curves. 

While Massell's analysis was limited to a single mar-
ket, Hueth and Schmitz examined internationally traded 
goods in a two-country, spatial price equilibrium model 
(50). They discussed separately the case of final product 
and an intermediate good which a country imports and 
uses in domestic production of final goods, some of 
which are also imported. An appropriate example is 
wool, which has been examined by Dardis (22) and 
Dardis and Dennison (24). In the Hueth-Schmitz model, 
the source of price instability is shifts in demand and 
supply in the foreign market. The instability is carried 
on to the domestic market which adjusts by movements 
along the demand and supply curves. Hueth and Schmitz 
showed that both producers and consumers prefer price 
instability to price stability. This conclusion depends on 
the fact that price instability is generated by movements 
along the demand and supply schedules. 

The above studies of Waugh-Oi-Massell and their fol-
lowers assume linear demand and supply curves with 
additive disturbances. Turnovsky developed a general 
model including nonlinear demand and supply functions 
with multiplicative disturbances (95). Theoretical justifi- 

E(Gc) 
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cation for nonlinear functions with multiplicative errors 
is given by deriving a supply curve from a homogeneous 

.indirect 	
function and 	

rv
d a demand curve from an 

indirect utility function. An important conclusion is that 
the desirability of price stabilization (increase in social 
welfare) of either producers or consumers does not 
depend on the source of price instability. 

In most studies, the analysts have considered random 
fluctuations in demand and supply and the effect of 
various stabilization programs on equilibrium prices and 
quantities. Anderson and Riley consider welfare implica-
tions of price uncertainty for a country which specializes 
in production of export goods (3). They show that social 
welfare for such a country is less with fluctuating prices 
compared with fixed prices. 

APPLICATIONS TO POLICY AND 
PROGRAMS' 

The early attempts at measuring social returns com-
pared the cost with additional output. Griliches com-
pared the cost of research on hybrid corn with the value 
of increased production from the adoption of hybrid 
corn seed (34). Evenson tried to assess the benefits from 
research by using expenditures on research and exten-
sion in an aggregate production function (28). Earlier, 
Waugh had tried to show the effect of market prorates 
on social welfare (97). He was criticized by Stigler for 
being oblivious to the problem of interpersonal compari-
sons of utility (89). Following Griliches and using eco-
nomic surplus, Peterson studied the benefits of poultry 
research, and he found that the improved techniques 
resulting from research bring about a shift in the supply 
curve. He developed an approximate method for measur-
ing the surplus from the shift in supply (76). 

The social costs and benefits of U.S. farm programs 
were measured by Nerlove (73, pp. 222-235) and Wal-
lace (96). Nerlove used his estimates of supply elastici-
ties to measure welfare cost of alternative price support 
programs. He considered three types of programs: (1) 
The Government sets a support price above the equi-
librium price and purchases and destroys all excess crop; 
(2) the support price is set above the equilibrium price; 
farmers are allowed to sell all they produce in the open 
market and the Government pays a per unit subsidy 
equal to the difference between support price and the 
market price; (3) the output is restricted by direct con-
trols to bring about the desired price. 

Nerlove assumes that the supply curve is the marginal 
social cost of the resources used to produce the com-
modity and that the demand curve is the marginal value 
of the commodity to the community (fig. 2). He assumes 
that each program aims to attain a price OM. Welfare 

'Not included here are studies of restrictions on 
international trade. These have been summarized in an 
article by Corden (20). • 	121 
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loss is taken as the difference between Government 
expenditures and the net benefits to consumers and pro-
ducers. The net losses of the three programs are given by 
the areas ANJPC, JPE, and NJI, respectively. Nerlove 
concludes that programs of types 2 or 3 can never 
involve a social loss of welfare greater than that of 
program 1. He derived formulas for net loss in terms of 
the proportion by which the support price exceeds the 
equilibrium price (x), and the elasticities of demand (T) 
and supply (e). The three formulas are:8  

= x(i + x) + -'/2x2  + 

L2 = 1/zx2e + 

L3 = 1/2x2t7(1 + 

Nerlove stated that the relative magnitude of the loss 
of under types 2 and 3 programs will depend on the dif-
ference between the support price and the equilibrium 
price and upon the elasticities of demand and supply. 
Wallace demonstrated that, for a given support price (96): 

NSL (3) —
< 

NSL (2) 

as 77 — e 

Wallace also analyzed the effects of output restriction 
through control of input (for example, acreage allot-
ments). He had two premises: (1) the total area under 
the demand curve to the left of a given quantity repre-
sents total utility for that quantity and (2) the supply 
curve reflects opportunity costs of variable resources 
used to produce each quantity. The type 3 program is 
called the Cochrane Proposal by Wallace. Wallace's 
formula in premise 2 (96, p, 582) is identical to Nerlove's 
formula for L3 except that Nerlove measures the loss as 
percent of the value of the crop. In the type 2 program, 
called the Brannan Plan, Wallace's formula is Nerlove's 
formula for L2. 

The same framework of analysis was used by Johnson 
to estimate the net social cost of the tobacco program 
(53). He took into account U.S. monopoly power in the 
world market. Johnson recognizes the problem of the 
second-best solution in estimating the social cost of the 
tobacco program (53). He estimates three types of costs 
for the flue-cured and burley tobacco acreage allotment 
program: 

The absolute values of elasticities are considered in 
this discussion. 



• The social cost is estimated by the "triangle Method:" 

SC = 1/2poonT2  + 

where T is the percentage increase in price over the free 
market equilibrium price. 

• The monopoly rent gained from foreigners through 
export demand is estimated as the price increase times 
the quantity exported. 

• Efficiency loss in producer surplus due to input (land) 
restriction is estimated as follows: He assumes a Cobb-
Douglas production function with a supply curve 
Q=APe, and a demand function Q=BP-n. Given price 
increases equal to r, the efficiency loss is calculated as: 

STUDIES USING DECISION THEORY 

The studies discussed above are based on the classical 
principles of welfare economics. Another approach is to 
use statistical decision theory. A survey of decision 
theory with applications to agriculture is given in Dillon 
(26). More analysts have used the consumer-producer 
surplus approach than the decision theory method; how-
ever, the latter is receiving more attention in program 
evaluation. Lave studied the value of better weather in-
formation to the raisin industry (58). A grower can use 
it in making the following decisions: (1) how high a 
yield to plan, (2) when to pick the grapes, and (3) 
whether to sell for crushing. The first task is to optimize 
the yield decision by under- or fully cropping. Once this 
decision has been made, growers have three actions open: 
(a) pick grapes 21 days before the first expected rainfall, 
(b) sell for crushing at any time, and (c) pick the grapes 
when ripe and pay no attention to the weather. A payoff 
matrix is obtained given the probability of rain during 
any of the six consecutive 10-day periods, the first start-
ing September 1. 

Byerlee and Anderson developed a method for asses-
sing the monetary value of additional information in the 
response process (17). Three classes of inputs are con-
sidered: controlled, uncontrolled and known at the time 
of the decision, and uncontrolled and not known at the 
time of the decision. They illustrate the analysis by using 
a rainfall predictor in determining optimal application of 
nitrogen to wheat. The response function includes 
several factors: applied nitrogen, growing season rainfall, 
soil moisture, total soil nitrogen, and initial soil nitrate. 
The function includes interaction between nitrogen and 
rainfall: interaction is a necessary condition for addi-
tional information on rainfall to have significant eco-
nomic value. A prior distribution for growing season 
rainfall is developed from historic data. A matrix of 
conditional probabilities of growing season rainfall, 
given the annual rainfall, was developed from this 
matrix and the posterior probabilities of growing season 
rainfall calculated. The expected profit is calculated 
from the posterior distribution. The rainfall predictions 
for six different intervals are used to decide the opti-
mum level of nitrogen. The difference between expected 
profits with and without rainfall predictions is the value 
of the information. 

Baguet, Halter, and Conklin measured the economic 
value of frost forecasts to pear orchardists in Jackson 
County, Oregon, using a Bayesian decisionmaking tech-
nique (7). The decision is whether to turn on the heaters 
to protect the pear orchards against frost. The tempera-
ture forecast during the frost season is provided by the 
U.S. Weather Service. The conditional probabilities of 
forecast temperatures and recorded temperatures are 
developed from historic data. Using historic prior prob-
abilities of nighttime low temperature readings, the 
posterior probabilities are developed. A utility function 
is estimated for each of the eight orchardists studied. 
The utility payoff matrix is multiplied by the posterior 

r+EPogo[(1+r)1-7/ - (1+1-) (ee1)  

Welch studies supply controls with marketable quotas. 
He introduced uncertainly into his analysis. Harberger 
discussed what he called "the economics of the nth best" 
(38). He was concerned with measuring the social cost 
associated with the economy being in any nonoptimal 
position. He called the social cost "deadweight loss." 

Hayami and Peterson developed an analytical frame-
work for social returns to Government expenditure on 
statistical reporting of agricultural commodities (41). 
Two models are considered: inventory adjustment and 
production adjustment. The inventory adjustment model 
includes cases wherein production cannot be changed in 
response to output forecasts and reactions to forecasts 
occur as stock adjustments. Assuming linear demand, the 
net welfare loss due to symmetric errors in forecasts is 
estimated as: 

NB = €2pq-1  
a 

where q is the true quantity of production, p is the 
equilibrium price, e is the error in quantity of products 
as a proportion of the true production, and a the price 
elasticity of demand. 

In the production adjustment models the producers 
adjust output in response to changes in price expecta-
tions. The net social cost of error in production report-
ing in this case: 

02 
ANB = 1/2e2pq —a 2 + a3 

where 0 is the elasticity of supply and other symbols are 
as defined above. 

Bullock has developed a model including a cost of 
storage function along with the demand for storage 
stocks (13). According to Bullock, sheer magnitude of 
the forecast error need not be of concern—reducing the 
average forecast error will not generate social benefits 
(which was the Hayami-Peterson assumption). The key 
variable is how the frequency of forecasts has changed 
in the process. 

122 
	 • 



probabilities to obtain the optimal action for each fore-
cast. The value of forecasts is the difference between the 

onetary outcome of Bayes action and the monetary 
utcome of the optimal prior actions. 

These studies using decision theory approach are 
microanalyses of a few producers. Generalization of the 
technique to aggregate studies provides a challenge for 
further work. 

A CRITIQUE 
AND CONCLUSIONS 

Most studies of measurement of social costs and bene-
fits assume a perfectly competitive system with perfect 
knowledge and perfect mobility. It is well known that a 
perfectly competitive system leads to Pareto optimal 
social welfare. However, in practice there is no such 
thing as perfect competition. Once additional restric-
tions—lack of perfect knowledge—are allowed for, Pareto 
optimum is not attainable or desirable (Lipsey and Lan-
caster, 60). As a matter of fact, if the system were per-
fectly competitive, we would not need some programs, 
such as crop forecasting. Once imperfections are admit-
ted, it follows that the removal of any one constraint 
may affect welfare either by raising, lowering, or leaving  

it unchanged (Lipsey and Lancaster, p. 12). Commenting 
on the Oi's finding that "price instability is a virtue and 
not a vice," Tisdell showed the importance of the two 
assumptions of perfect mobility and perfect knowledge 
(92). Perfect mobility implies that producers can readily 
adjust output to changed price. Perfect knowledge im-
plies that they can accurately forecast the price. In the 
absence of perfect forecasts and perfect adjustment, 
Tisdell derived the opposite of Oi's results. The exten-
sion of the analysis to a noncompetitive economy will 
be a useful topic for research. 

So long as one's analysis is partial equilibrium, it is 
of limited validity. The study of one particular program 
or commodity does not concern itself with global wel-
fare and, according to Lipsey and Lancaster, "piecemeal 
welfare economics" is futile (p. 17). Hushak, who recog-
nized the interaction between one crop and others took 
a step in the right direction (51). Most analysts studying 
social benefits and costs have used the classical welfare 
economic tools of consumer's and producer's surplus 
without worrying about their theoretical validity. These 
researchers only point out the high social benefit-cost 
ratio of particular proposals. The general problem of 
ranking all the programs under consideration in a general 
equilibrium system has not been successfully attempted. 
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In Earlier Issues 

As the years roll by we are able to reflect on the influences in the world of agricultural 
economics that grew out of Professor [Benjamin Horace] Hibbard's teaching at the 
University of Wisconsin. He was not the kind of professor who taught a doctrine and 
expected the students to remember everything that was in his lectures or the textbook. 
Rather, he was a leader in thought who developed a philosophic understanding of the 
economic phenomena in agriculture. He was a humanist in the sense that human welfare 
and human behavior were always of foremost interest to him. 

Professor Hibbard ... has kept out [of his book] quantitative data and .. . theoretical 
points which would have greatly expanded the scope of the book, thereby limiting the 
readership and wide use which it deserves .. . 

M. L. Wilson 
Volume 1, Number 2, p. 66 
April 1949 

 

126 • 


	V29_N4.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48


