
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


ESTERN AGRICULTURAL ECONOMICS ASSOCIATION

PAPERS OF THE

1989 ANNUAL MEETING

WESTERN AGRICULTURAL

ECONOMICS ASSOCIATION

ATION OF
)Nom ic.s

COEUR D IALENE, IDAHO

JULY 9-12, 1989



WE...md1111111.111M11111sTERN AGRICULTURAL EcoNomIcs
 ASSOCIATION

PAPERS OF THE

1989 ANNUAL MEETING

WESTERN AGRICULTURAL

ECONOMICS ASSOCIATION

COEUR D IALENE, IDAHO

JULY 9-12, 1989



PREFACE
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participants to gain from presentations they are unable to attend. Thisbooklet is a copy service which does not represent publication. This bookletis unedited and the authors have not received the benefit of referee comments.
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SESSION 1

Understanding the Possible Economic

Effects of Technological Change:

Efficiency, and Distributions of Benefits and Costs

Russell L. Gum
William E. Martin

Introduction

The future of biotechnological de-

velopment, or genetic engineering, is gener-

ating much public discussion. The discus-

sion centers on the immense potential to

make improvements in human welfare

through appropriate use of genetic engineer-

ing versus the immense potential to make the

human condition worse off through inappro-

priate use or because of unexpected side

effects. In this paper we only briefly men-

tion the range of themes involved in the

current public debate before discussing the

issue from strictly an economists' point of

view. Our rationale for emphasizing this

view is that unless the economic potential is

satisfactory to society, the potential negative

effects of technology adoption are intle-

vant. Our examples of economic impacts are
restricted to innovation in agriculture.

Risk
Development of any new technol-

ogy has elements of risk arising from the
new and partially unknown aspects of the
technology. One only has to think of the
example of "killer bees", which resulted
from lack of sufficient controls on a rela-
tively simple bee breeding experiment, to
realize that the possibility exists for serious

mistakes caused by biological science gone

awry. Biotechnological development of

plants and animals potentially is a much

more powerful tool than traditional breed-
ing, so one might suspect that the possibili-

ties of major problems being caused as a

result of biotechnological accidents are real.

The extreme cam exercised in controlling

the testing and commercial introduction of

the products of biotechnological research is

an indication that the possibilities for acci-

dents have been recognized.

Moral Issues 
The development of organisms with

genetic material from multiple species has

led to charges that biotechnologists are play-

ing God. Some people feel that such scien-

tific alterations should not be permitted for

any species. Others speculate on whether or

not such procedures might or should ever be
used on humans. Certainly the role of sci-

ence in determining the genetic makeup of

species has the potential to become political

and religious issues.

Role of Universitica 
Much of the research on biotechnol-

ogy currently is being done in public univer-

sities with public funding. In addition to the

issues of risk and morality, the relationship
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between university scientists doing biotech-
nological research and the private sector is
becoming a political issue. How the costs
and rewards of biotechnological research
and innovation should be distributed? Should
the public pay for the costs of discovering
and developing commercially viable prod-
ucts and then have the scientists hired away
by the private sector, or should some more
equitable partnership between private and
public institutions be developed?

Economics 
While the issues of risk, morality and

the relationship between universities and the
private sector are real, and increasingly being
discussed in the political arena, they simply
do not matter if biotechnology does not have
the potential to be valuable in terms of eco-
nomic results. If biotechnology cannot
produce economically useful products, the
pressure to solve the political problems asso-
ciated with the risk, morality, and public
versus private issues will be minimal.

The purpose of this paper is to look
critically at the issues of determining and
projecting the potential economic impacts of
biotechnology. Clearly, most changes will
produce both winners and losers — at least in
the short run. A few changes may even
produce all winners. Understandings and
misunderstandings about the magnitude of
the impacts and the probable distributions of
winners and losers are the bases of argu-
ments about the economic benefits and costs
of technological development policies.

The lay public, which includes most
agricultural scientists and administrators as
far as economic understanding goes, tends to
rather simplistic views. The complex ad-
justments in prices and quantities resulting
from technological change in one economic
sector or region are rarely recognized, much
less quantified. In our experience with bio-
technologists, many believe that increased

production clearly is a general benefit to the
farm sector in questions, while a few believe
that increased production clearly will be a
disaster as overproduction causes prices to
plummet. The expected results are black or
white - not grey - and the effects on other
sectors of the economy are rarely recog-
nized.

Agricultural economists have not
done as much as they might have to remedy
these simplistic views. Traditionally, we
have concentrated on effects on agriculture,
and usually on effect on a particular agricul-
tural production sector. Schmitz and Seck-
ler (1970) were pathbreakers in including
other sectors, in their case labor, in their
benefit cost analysis of mechanizing tomato
harvesting. Since that time the development
of welfare economics and the wider under-
standing of economists of the concepts of
producers' and consumers' surplus has led
economists to consider both producers and
consumers, but the more intricate effects of
change on the total economy still have not
been well communicated to the nonecon-
omist scientific community.

Such communication is very diffi-
cult because understanding of the possible
relationships is difficult. General equilib-
rium models are extremely complex. Even
among economists most economic discus-
sions of policies are based on generalized
results in the context of simple partial equi-
librium theory. This partial view of the
economy grossly neglects the complex ef-
fects that could occur in a dynamic equilib-
rium economy. This paper (and the three
associated papers in this session) attempt to
illustrate the possible complex economic
effects of technological change in a way that
can be understood by a scientific lay audi-
ence.• In doing so, we concentrate on the
distribution of benefits and costs under alter-
native supply conditions.



definition of Economic Impact 

Economic impacts of a technologi-

cal change can be best defined in terms of

changes in real income to consumers and

changes in profits to producers. At the

individual producer level the net benefits are

the change in the difference between gross

returns and variable costs. This measure of

profits can be considered the returns to the

fixed factors of production such as land, the

physical facilities, and management. It is

formally known as producer's surplus. For

the consumer the net benefits may be esti-

mate(' in three alternative ways. First, there

is the maximum amount of income that they

could pay for the technological develop-

ment, and be just as well off as they were

before the payment and the technological

change. This measure is known as compen-

sation variation. Second, there is the mini-

mum amount of additional income they

would have to receive to be just as well off as

without the technological change. This

measure is known as equivalent variation. It

is somewhat larger than compensating vari-

ation. Finally, there is a measure lying

between these two values known as con-

sumer's surplus. The specific measure used

will vary depending on both conceptual

circumstances and ease of estimation. The

aggregate of the increase in consumers' and

producers' welfare is the measure of the

economic efficiency of a technological

change. The larger the net increase in the

sum of consumer and producer benefits, the
more efficient the technology. However, in
addition to the total economic impact, the
distribution of impacts is also relevant. Some
groups will be winners while others are
losers. Society might prefer lower total
benefits in favor of an alternative distribu-
tion of benefits. We attempt to deal with
both the efficiency and distribution compo-
nents of the economic impact of biotechnol-
ogy.

Adoption of Biotechnology 
Adoption of a new technology in the

agriculture sector will by a few innovative
firms, followed by adoption by other firms if

the new technology proves profitable. The

adoption rate typically may be described by
a sigmoid curve. Initially almost all of the

economic impacts are concentrated in the
increased profits of the early adopting firms.

As more and more firms adopt the technol-

ogy, the economic impacts become more
complex as changes in profits lead to changes

in quantities supplied and resulting changes

in both product and input prices. These price

and quantity changes in the agricultural sector

in turn have indirect impacts in the remain-

der of the economy. After initial adoption,

impacts may be either positive or negative in

any of the sectors involved.

Policy Analysis 
To correctly identify and project these

economic impacts as they ripple throughout
the economy is the basic task necessary for

making an accurate assessment of the eco-

nomics of possible biotechnological innova-

tions.
The simplest view of technological

change is to look at a budget for a producer

and determine the change in profits of adopt-

ing the new technology holding everything

else, including product and factor prices and
government programs, constant at current

levels. This procedure leads to the conclu-

sion that increased production without in-

creased costs will be of benefit to the adopt-

ers and neither benefit nor harm any other

sector, including consumers.. Such an ap-

proach completely ignores the interdepend-
ence of the different sectors in a dynamic
economy and is only correct for the initial
stage of technology introduction where only

a few innovative firms are using the im-

proved technology. Such an approach is a
serious misstatement of the facts, and be-
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sides being economic nonsense, has resulted
in the past in an incorrect public perception
of who benefits from technological change.

A slightly more sophisticated ap-
proach is to recognize the relationship be-
tween quantity supplied and price. Using the
paradigm of partial equilibrium allows con-
sideration to be given to both consumers and
the directly affected producers, but does not
consider impacts in other markets. Such a
paradigm leads to the public perception that
technologies which increase production will
cause prices to fall and will not be of benefit
to producers. The implications of who bene-
fits has shifted to the consumer, with the
producer facing the possibility that prices,
will fall faster than costs, resulting in a
reduction in profits.

A more realistic approach is to rec-
ognize the interconnection of the markets for
goods and inputs in the agricultural sector
and introduce the possibility that a change in
the production process for one commodity
may have impacts on the production and
ultimately the price to consumers for all
agricultural products.

The most realistic approach would
be to recognize the interconnection between
all sectors of the economy and attempt to
estimate the impacts of biotechnology inno-
vations in the specific agriculture sector on
every production and consumption sector of
the economy. Carried to the absurd, ,esti-
mates could be made of the impact of a
change in cotton production technology in
Arizona on the price of tea in China.

Since the costs of economic analysis
are not zero and well tested accurate general
equilibrium models do not exist, the selec-
tion of appropriate procedures for the eco-
nomic analysis of biotechnology is not a
trivial problem. Clearly the simple budget-
ing of individual firms, holding all prices
constant, is not appropriate. The real ques-
tion comes down to choosing between par-
tial equilibrium models and agricultural

sector models which have some of the char-
acteristics of general equilibrium models.
The choice must be made on the trade-offs
between the costs and complexity of the
analysis, the accuracy of the analysis in
terms of efficiency related welfare meas-
ures, and the accuracy of the estimates of the
distribution of impacts among sectors of
society.

Economic logic suggests that partial
equilibrium approaches will result in incor-
rect estimates of the economic impacts of
biotechnology as they do not consider the
complex adjustment process which occurs
in agriculture when major changes in the
production process result in changes in rela-
tive prices among outputs and inputs. Lim-
ited research on the differences between the
results of partial equilibrium models and
general equilibrium models empirically
document that major differences in welfare
measures can exist in results from analysis
using partial as opposed to general equilib-
rium models. See Whalley (1975), Edlefsen
(1983), and Kokoski and Smith (1987).

distribution of hurts
The distribution of impacts should

be a major part of any economic analysis on
the benefits and costs of a technological
change. The design of economic analysis to
account for distributional impacts must
consider several major problems. First, since
it is impossible to develop measures of gains
and losses for each individual impacted ei-
ther directly or indirectly by the technologi-
cal change, a reasonable grouping of indi-
viduals is necessary to allow the measure-
ment of gains and losses by groups instead of
by individuals. The selection of these groups
has both political implications and implica-
tions for the form of the economic analysis.
Our analysis defines groups in terms of
producers of particular commodities and
consumers as a whole.
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Once the groups have been defined
and the impacts calculated for each group, a

decision must be made whether simply to
report the results for each group, or to find a
meaningful way to summarize the distribu-
tional impacts in addition to reporting the
raw results. We suggest the following index
as a reasonable way of summarizing the
distribution of impacts:

I = net benefits / total positive benefits.
Table 1 presents both raw distribu-

tions and the summary index for two hypo-
thetical technological innovations. Both
alternatives result in net benefits equalling
200.

In the first example an amount equal,

to 50% of the net benefits is transferred from
losers to gainers. In the second case a trans-
fer of only 9% of the net benefits is made.
Obviously, the distributional impacts in the
second case are less severe than in the first.

The index will equal 1 for the case
where there are no losers and will approach
0 for the case where there are large transfers
and small net benefits. A negative index is
possible if net benefits are negative. Be-
cause of the existence of a Pareto optimum
when the index equals 1, (that is, when some
groups gain and no group loses), we term this
measure the index of paretoality.

economic Analysis
The approach taken in this paper is to

attempt to illustrate the possible economic
effects of technological change using a range
of economic techniques in a way that can be
understood by a scientific lay audience. We
start with a simple abstract model to illus-
trate the basic concepts involved in such an
analysis and then proceed to use two empiri-
cal models of the U.S. agricultural sector to
analyze possible biotechnological changes.
Finally we conclude with a discussion of the
general conclusions we can draw from our
analysis and give our recommendations about

techniques that should be used in future
studies of the economics of biotechnology.

A Basic Illustrative Model

Assume a completely competitive
economy where instantaneous market equi-
librium applies. As a first approximation to
a completely general equilibrium model
where everything is endogenous, we have
devised the following three-good model
which allows us to illustrate the 

complexities of market equilibrium systems. A mar-
ket equilibrium system is defined as a sys-
tem where consumers and producers simul-
taneously interact to determine the quanti-
ties and prices of goods to be produced and
consumed.

We take it as an axiom that the con-
sumption by people is the driving force in a
market economy. They wish to maximize
their utility. They do so simultaneously with
producers attempting to maximize their
profits subject to the resources and technol-
ogy available to them, which can be ex-
pressed as their supply functions. The sup-
ply function is the locus of profit-maximiz-
ing points of producers, given changing
demand. Of course, producers are also
consumers.

Our simple generic model maximizes
consumers' utility, subject to producers'
maximizing profits (operating on their sup-
ply function), and a consumer income con-
straint. The assumptions of this model are
that (1) all consumers have the same utility
functions, (2) producers maximize profits in
response to consumer actions and their re-
source and technology constraints, and (3)
consumer income is not related to producer
profits. This model is not a completely
general equilibrium model particularly be-
cause of assumption number 3. However, it
is a useful intermediate step between partial
equilibrium and general equilibrium analy-
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sis. We believe that the model is a reason-
able approximation of an economy consist-
ing of an agricultural sector which is a small
component of the total economy, if what are
varied are agricultural technologies. Thus,
consumer incomes in general are not directly
related to agricultural incomes.

Consider the following model of
consumer utility.

where:
u=Q103(Q2+Q3)0.3

U is a measure of an individual's
utility.
Qi is a measure of the quantity of
good i purchased and consumed. ,

One may consider Q1 to represent all
nonagricultural goods and Q2 and Q3 to rep-
resent agricultural products. The structure
of the utility function implies that Q1 is a
complimentary good to both agricultural
goods, while Q2 and Q3 are perfect substi-
tutes. Utility is a function of the level of all
nonagricultural goods times a function of the
sum of all agricultural goods.

The logic of the model is that for
agricultural goods there are many ways to
meet the equivalent levels of quantity and
quality of one's diet. Levels of quantity and
quality of diet will interact directly with non-
agricultural goods to determine utility. A
high level of quantity and quality of diet and
a low level of other goods (or vice versa)
imply a lower level of utility than moderate
levels of both.

The sum of the exponents on the Q's
of the model implies that a doubling of the
goods available to be consumed results in
less than doubling of utility. That is, de-
creasing marginal utility of goods is implied.

Goods are produced for consump-
tion according to the following three supply
functions, representing the given technolo-
gies and resource endowments:

Q1 a 
1
p 

1
bl

Q2 = a2p2b2

Q3 = a3P3b3

The functions reflect the assumption
of increasing marginal costs of production,
that is, 0<b1<1.0. As a result of increasing
marginal costs, doubling of price results in
less than a doubling in output.

Consumer income is assumed con-
stant at K per capita. This simplifying as-
sumption reflects the fact that most consum-
ers' incomes are not related to producer
profits, at least in the short run.

What can we learn from operation of
this simple model relative to biotechnology
policy? By definition, any improvement in
production technology lowers the cost of
production for a given quantity of output,
and, simultaneously, increases quantity of
output for a given cost. This definition
implies that any technological improvement
will result in a downward shift in the supply
curve—more goods being produced for the
same price. While this result might appear as
a no-lose situation, in fact, there can be both
winners and losers because of the market
interactions in a general equilibrium econ-
omy.

While consumers in general will
always win with a technological advance
(assuming a competitive economy—the con-
ditions of our model), some producer groups
may win and others may lose. It is possible
for technological improvement to result in
benefits for all groups, or in major negative
impacts on some industries with major bene-
fits for others. This model has been devised
to illustrate these alternative results. In
addition to the politically sensitive issue of
distribution of net benefits, there is the eco-
nomic issue of the total quantity of net bene-
fits, i.e. the economic efficiency issue.

Net benefits of a technological
change for consumers are defined as the



minimum amount of additional income they

would have to receive to be just as well off as

without the technological change; that is,

equivalent variation. Net benefits for each

producer group is the difference between

gross returns and variable costs — the meas-

ure of producers' surplus.
These measures are computed as

follows. First, consumer utility is maxi-

mized given the original income and supply

function constraints. The results give a level

of utility, and a set of prices and quantities of .

each good produced and consumed. Produc-

ers' surplus for each group of producers is

calculated as the difference between gross

returns (price times quantity) and the area,

under the supply curve, which is equal to

total variable cost.
A technological advance is intro-

duced into the model by changing either of
the coefficients on one of the supply func-

tions, shifting the function downward and to
the right. The model is re-solved. The

results are a higher level of utility and a new

set of prices and quantities, and associated

producers' surpluses. The changes in pro-

ducers' surpluses are computed. The new

level of utility is substituted back into the
original model as a restraint, and the model

is re-solved by minimizing the level of in-

come necessary for consumers to reach this
level of utility. The additional income above
the original income constraint is the equiva-
lent variation generated by the technological
advance. Total net benefit to society is the
sum of the change in equivalent variation
and the changes in producers' surpluses.
While the change in equivalent variation is
always positive, the changes in producers'
surpluses may be either positive or negative.

Even with such a simple model, the
nature of the results will differ depending on
how and by how much the supply curve
shifts, and by whether demand intersects the
supply curve at a lower or upper level of the

curve. [Miller, Rosenblatt, and Hushak
(1988) recently have demonstrated mathe-
matically "that for general convex supply
curves, ...the major determinants of changes
in producers' surplus are the relative slopes
of the supply and demand curves at equilib-
rium and not the elasticities of supply and
demand" (p. 891).] The supply curves are of
the form Q = a Pb. Along any given curve
there is constant supply elasticity equal to
the value of b. Thus, a 10 percent change in
price will result in b times a 10 percent
change in quantity supplied. If the exponent
b is reduced, the supply curve will be low-
ered at all points up to quantity a. See curves
S1 and S2 in figure 1. The quantity a° is
assumed to be the maximum possible quan--
tity of that good that the economy can pro-
duce. This assumption is enforced by re-
stricting all prices to be less than 1. The
technological advance implied by reducing
the coefficient b, reduces the cost of produc-
tion of all quantities up to the maximum
caused by some resource limit a°.

Alternatively, technological change
can be thought of as increasing resource
limits. This can be reflected in our model by
increasing coefficient a° to a*. See S3 in
figure 1. Curve S2 has a lower constant
elasticity than curve S1. Curve S3 has the
same constant elasticity as curve SI.

In addition to how we view techno-
logical change shifting supply functions, the
nature of the results depends on the slopes of
the supply curves where they are intersected
by demand. When the supply curves are
steeper, changes will be reflected more in
consumer price than in quantities demanded.
With flatter supply curves the technological
change will be reflected more in quantity
demanded than in price.

Technological change is not likely to
occur without cost; research expenditures to
develop the technology and extension ex-
penditures to promote adoption will be re-
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quired. Much of technological change in
agriculture occurs as a result of public fund-
ing of the Land Grant System of Agricultural
Experiment Stations. The consumer, rather
than the producer, is funding much of the
development. This fact can be reflected in
our model by subtracting a contribution to R
and E expenditures from the consumers'
income constraint, i.e. I = K - R and E.

Operation of the Basic Models

Ruttan argues that a certain amount
of R and E expenditure is necessary just to
keep agriculture supply functions constant.
Thus the models illustrated in this paper,
assume the income constraint to be I = 10,00()
- 100, where the 100 are R and E expendi-
tures necessary to maintain current produc-
tivity. These expenditures are paid for by the
consumer, but the technological change it-
self is achieved without additional expense.
Clearly additional R and E expenditures
actually would be required. Since consum-
ers are always the beneficiaries of techno-
logical advance, it would be useful to inquire
how paying for the technological advance
would affect their utility. The model is
structured so that this inquiry may be ad-
dressed by increasing the R and E expendi-
tures, but those models are left for another
paper.

In this model the a coefficient for all
supply curves is set at 100,000 units. The b
coefficient, that is, the elasticity of supply, is
initially set at 0.5 for all supply curves, and
then iteratively lowered from 0.5 to 0.1 for
the commodity Q2, causing that supply
curve to shift to the right, Since R and E is
held constant at 100, the technological change
in this model is assumed to have occurred
without additional R and E cost. All produc-
ers of commodity Q2 immediately adopt the
new technology, and adjustments are instan-

taneous.
The results are show in table 2 and

figure 2. The sum of quantities of Q2 and Q3
purchased by consumers interacts with pur-
chases of Q1 to determine consumers' utility.
The quantities produced determine the prices.
The interaction of these phenomena deter-
mine equilibrium at maximum consumer
utility, consistent with producers maximiz-
ing profits.

With each downward shift of this
supply curve for commodity Q2, consumers'
total utility rises. The quantities of Q2 pro-
duced are larger and its price in lower.
Because Q2 and Q3 have been defined as
perfect substitutes, and they have identical
initial supply functions, initially consumer
utility is maximized where equal quantities
of Q2 and Q3 and produced and sold at the
same price per unit.

But as the supply curve for Q2 begins
to differ from that of Q3, becoming lower and
flatter, consumers are able to make marginal
adjustments in the consumption of all three
commodities that will further increase their
total utility (figure 2). As the price of Q2
falls, Q2 is substituted for Q3 and the price of
Q3 also falls. A partial equilibrium, two-
good analyses, might suggest that because
Q2 and Q3 are perfect substitutes to the con-
sumer, that the price of Q3 wouldfall to equal
that of Q2 at the new equilibrium. Such is not
the case. Because consumers also have the
opportunity to purchase extra quantities of
Q1 with their newly freed-up income, and
because Q3 no longer has an identical supply
function to Q2, consumers maximize utility
by increasing consumption of Q2 greatly,
decreasing consumption of Q3 only slightly,
and spending more on Q1. The price of Q3
falls, but not to the level of P2. The price of
Q1 is driven up by the increased consump-
tion.

This three-way adjustment is pos-
sible because in the vicinity of the equilib-
rium solution, the supply curve for Q3 is
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steeper than for Q2. A relatively small cut-

back in consumption of Q3 frees up enough

income to satisfy the desire for more Q2, as
well as allowing more consumption of Q1.

How have net benefits been affected
by these changes in prices and quantities?
See table 2. Equivalent variation (EV) for

consumers rose from zero to 10,377. They
are now as well-off, after the technological

change and the resulting consumption ad-
justments, as they would have been without

the change and adjustments and had an in-

come of 20,377.
Producers of Q2, the group experi-

encing the technological change, first earn
additional profits but then suffer loses as the
change becomes more drastic. The change
in producers' surplus APS2) rises from 0 to
390 and then falls to minus 298 as the b2
coefficient moves from 0.5 to 0.3 to 0.1.
Given that nominal aggregate consumer

income has not risen, and that the basic
utility function has not changed, producers

of Q2 would gain from a relatively small
technological change, but lose with a large
one.

Producers of Q3, the substitute good,
would lose with technological change in the
production of Q2. APS3 continuously falls
from 0 to minus 432 as cost of production of

Q2 becomes less and less. Producers of Q1
continuously gain. As less income is needed
for food consumption, all other goods are
purchased in greater quantities.

Producers in total (PS) gain under
all posited technical changes, but are better
off in total with the medium level change.
Total net benefits to society in general (EV +

• APS) increase with each posited change.

Alternative Models 
Six alternative models were evalu-

ated as summarized in table 3. In each
model, technological change was expressed
through the supply function for Q2 ina slightly

different way or in slightly different circum-
stances relative to the supply curves for Q1
and Q2.

The most general conclusion is that
consumers will always benefit from techno-
logical change in a competitive market soci-
ety. Equivalent variation—the equivalent
amount of income that they have gained by
the technological change is always positive.
In our models, producers in general (APS)
and society in general (TNB) also always
have positive net benefits. The sum of gains
outweigh the sum of loses. One can imagine
constructing a model where producer losses
to one group of producers are so large that
they outweigh gains to all other producer
groups, but it is difficult to imagine such a
situation in real life. It is even harder to
imagine a scenario where net loss to society
in general would occur, given that consum-
ers will always have gains. It is the distribu-
tive issue of gains and losses among pro-
ducer groups that is at issue.

Models A through C illustrate that
when technological change in agriculture is
effected only by lowering the elasticity of
supply, and not by increasing the total pro-
ductive capacity for that product, producers
outside of agriculture (APS) are likely to be
beneficiaries. The producers experiencing

the technological change (dPS2) are likely to
be losers if they are operating near an ulti-
mate resource constraint near the top of this
supply curve. If their initial position is back
on the supply curve in a relatively low-cost
area, some technological change would cre-
ate gains, but too much change, without
growth in the overall economy, would create
losses. Producers of Q3, the substitute good,
might either lose, gain, or be unaffected,
depending on whether their supply curve
was steeper, flatter, or of about equal slope,
respectively, of the supply curve for Q2.

Models D through E, illustrate cases
where supply elasticities remain constant
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while the technological advance increases
the maximum resource constraint. In these
cases the group experiencing the technologi-
cal change is always a gainer and the produc-
ers of substitute goods are losers. Producers
of the nonsubstitute goods may be gainers,
losers or unaffected depending on the rela-
tive values of the various supply elasticities.

Also shown in table 3 are the ranges
in the Index of Paretoality (IP) for each
model as the supply curve representing the
technological advance shifts downward from
the base. Examine the indices for Model C.
With a small downward shift in the supply
curve for commodity 2, producers of com-
modity 3 experience no effects, and all other
producer and consumer effects are positive.
Thus, IP equals 1.00 when computed either
for all sectors (consumers plus producers) or
for producers only. If the supply curve for
commodity 2 is lowered substantially (from
b, = 0.5 to 132 - 0.1), EP equals 0.87 for all
sectors and only 0.30 if only producers are
considered. An IP of 0.30 means that only 30
percent of total positive benefits occurring
because of the technological advance are net
benefits. That is, for every dollar of benefits
generated in other producing sectors by the
technological change in sector 2, sector 2
experienced $0.70 of loss.

Summary

This paper has presented a brief introduction
to a way in which the potential complexities
of the effects of technological change can be
illustrated to a noneconomist scientific audi-
ence. There will always be a distribution of
relative winners and losers. Who these
winners and losers will be, and what the
magnitudes of the wins and loses will be, are
not usually apparent before the technologi-
cal change is adopted. Partial equilibrium
analysis, using available supply and demand

elasticities are unlikely to express the real a
posteriori condition. The presented model is
only an introduction. It may be expanded in
a number of ways. Two other ways in which
we have used the model are to examine the
effects of R and E expenditures on the distri-
bution of benefits and losses, and to look at
different rates of technological adoption
between regions.

Clearly estimation of the real effects
is an empirical general equilibrium problem,
rather than either a theoretical problem or a
partial equilibrium problem. The authors
are cooperating with a number of colleagues
in the use of large-scale national economet-
ric and mathematical programming models
in an attempt to evaluate empirically specific
technological changes in agricultural pro-
duction in the context of the national and
international economies. These models
capture much complexity empirically, al-
though they are not general equilibrium
models in that they focus mostly on only the
agricultural sectors.

Short descriptions of two of these
empirical models follow in the next two
papers, with presentation of the empirical
results in a concluding paper. Whether these
empirical models generate credible predic-
tions also is a matter for discussion. Our
conceptual illustration gives us the insight to
expect unexpected results whether or not
these empirical models are in fact true reflec-
tions of reality.
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Table 1. Hypothetical Distribution of Benefits Resulting from Two Alternative

Technological Innovations.

Group Change in Benefits 
and

Results Innovation 1 Innovation 2

Consumers + 200 + 200

Producers of good 1 + 100 + 10

Producers of good 2 + 100 + 10

Producers of good 3 - 200 - 20

Net benefits 200 200

Total positive benefits 400 220

Index 0.50 0.91

1.0

ao

Figure 1. Alternative Supply Curves in the Models
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