Staff Paper P74-16 August 1974

MICROECONOMICS OF TECHNOLOGY AND THE
AGRICULTURAL OUTPUT MIX

Martin E. Abel and Delane E. Welsch

Staff Papers are published without formal review
within the Department nf Agricultural and Applied Economics

This paper will appear as a chapter in Hans P. Binswanger,
Vernon W. Ruttan and Collaborators, Induced Innovation and Agricultural
Development, to ba published by the Johne Hopkins Press.




CHAPTER FIVE

MICROECONOMICS OF TECHNOLOGY AND THE AGRICULTURAL OUTPUT MIX

Martin E. Abel and Delane E. Welsch®

INTRODUCTION

There is widespread agreement on the importance of technology as
a source of pgrowth for .griculturc.l Furthermore, there is increasing
evidence that factor endowments and relative factor prices play an
important role in inducing technical change in directions which augment
the supply of scarce factors.2 But given general acceptance of these
tvo propositions, policy makers and rescarch adainistratore are still
left with the probleass of deciding on the allocation of research resources
anong cormoditiee and of determining how various allocations affect the
output mix of a farm, a region within a country, or the total agricul-

tural sector of a ration.

The allocation of renearch resources among comsodities is closely
akin to the topic of divernification, defined an changing cither the
number or the relative importnnce of commoditics which can profitably be

produced from a given sct of renourcew {n a given time period. We are



concerned with commodities which simultaneously compete for the same set
of reoourceo.3 In recent years there has been a growing interest in the
subject of diversification of agricultural production in the developing
countries. Unfortunately, there has been very little research on the
economics of crop diversification for these countries. " . . . Diversifi-
cation is more a subject of vague references than actual knowledge. . . .
Much more research is necded on diversification at the conceptual and
applied levels. Development of a theoretical economic framework could
be of significant value in organizing future analysis. One possibly
useful starting point is the theory of comparative advantage. The theory
should be applied to both production and marketing. . . ."6
Interest in agricultural diversification in the developing countries
has been hejghtened by the production increases of the green revolution
which, although limited in area covered and nvmber of farmer participants,

5 One of these 168 a

are real and have caused further "revolutions."
higher degree of confidence amons rescarchers in the developing countries
that, with well funded and orgunized research programs, they can create
new techrnologies. Another is the relatively new and generally accepted
position of policy makers that peasant farmcrs, under the right conditions,
are capable of rapid adoption of new technology and rapid increases in
output. A third ia {n world grain markets and the price rclationahips
botween food grains and fced gratna. An increcasing number of persons

are calling for diversification au n mcans for both capitalizing on the
green revolutfon and avolding some of its adversc consecquencew. All of

the sbove combine to put pressure on those who allucate funds and adein-

ister roscarch in the dcvoloping countries to concorn themnelven with a



broader range of agricultural commodities. Yet economics as a discipline
has contributed little in the way of decision aids to help these people
decide on the allocation of research resources among various commodities.

In this chapter we demonstrate how the allocation of research
resources among commodities and the effects of such allocations on the
output ami» deps~d upon (a) the initial production conditions, (b) the
nature of the research production functions, (c) the nuture of the demand
relations for the commodity outputs, and (d) relative factor endowments.
The basic model used 18 a two-factor, two-product model in which certain
types of technical change are introduced. This model is presented and
discussed in the next section. The third section deals with the implica-
ticns of technical change and demands for the outputs on the product mix.
The fourth section deals with the role of factor endowments. The policy
implications of thc analysis are discussed in the fifth part of the
hapter.

The role of commodity prices in the allocation of research resources
discusscd in this chapter relutes to the discussion of commodity prices
and induced fnnovation in chapter three. But while the focus in that
chapter In on the relatioadhip between product prices and bias in induced
fnnovatlon, the tacas ot this Lapter in on the nllocation of rescarch

resources amony commod $t len ansoslng anbtawed technological change.



THE BASIC MODEL

To analyze certain questions concerning the benefits to be derived
from diversification of agricultural production, we need a theoretical
sodel which will enable us to trace through changes in production func-
tions, factor endowments, and relative product prices on output, income,
and factor rewards. A simple, but useful model for looking at the influ-
ence of technical change on the output mix is the standard two-factor,
two-product model of production.

Let us start by assuming a region (thought of as an area within a
country or a country which trades in a larger world market) produces two
goods, q) and q,, with two homogeneous factors of production, L and K,
where L is the labor input and K is the land (capital) input. Total
factor supplies are assumed to be fixed.

Production of our two goods is given by the Cobb-Douglas production

functions
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vhich reflsct constant returns to scale. 7t} and t2 are indices of
technology. In addition, the fixed supplies of labor and land (capital)

are rspresented by
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Purthermore, we assume that the factors of production are fully employed.
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We can derive the expression for the slope of the production

possibility curve, which is
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The reader is referred to Harry G. Johnson, and Martin E. Abel,
Delane E. Welsch and Robert W. Jolly, for detailed derivations of the
production possibility curve and methods for solving for the outputs
q; and q;, given the product priceo.6

We can consider two possibilities with respect to the influence on
product prices of changes in the output levels of our producing region
(country). One is a competitive environment in which both product prices,
p) and p,, are given to the region and do not vary with charges in q;
and qz. The other s where changes in either q) or q2 influence the
levels of market prices. In the first case, the region will face straight
line iso-revenue curves. In the second case the iso-revenue curvee will
be convex to the origin over the relevant range of output. A fuller dis-
cussion of the price (revenue) side of the model is contained in Abel,
Welsch and Jolly.7

Our model assumes Cobb-Douglas production functions to be relevant
throughout the full range of production--from complete specialization in
q1, to complete specialization in qz. We would like to make two puints
about this assuaption. First, there is no need to assume that the agri-
cultural production world is Cobb-Douglas. Other forms of production
functions, such as quadratic or CES production functions, may be more
appropriate in some circumstances. Second, there is no reason to expect
a particular form of the ncoduction functions to hold over the full range
of possible factor substitution. At best, any given form may be a good
approximation over a given (and sometimes emall) range of rcsource sub-
stitution between the two production functions. At the extreme ranges of

substitution between q) znd q, the production possibility curve might



exhibit either a complementary or a supplementary relationship in the
production of q; and q3.

The model presented above has some interesting properties. Most
important is that the production possibility curve will have little
curvsture for a wide range in values of the production elasticities a
and B.e This has been clearly demonstrated by Johnoon,gand can be easily
verified by evaluating equation (3) for alternative values of a, B, and ¢.
From this result, it follows that the sensitivity of the output mix of
q) and q, depends very much on whether the producing region operates as
a price-taker or whether changes in the outputs of the region influence
product prices. This 1s illustrated in figure 1. One can easily see
how slight variations in the product price ratio, P, would cause large
changes in the output mix along the production possibility curve
£(af, q3) = 0.

On the other hand, when our region faces downward sloping demand
curves for onme or both products, a high degree of stability in output mix
18 assured. Exogenous shifts in the demand curves for the two products
of our region will result in a rotation of the conic section represented
by the iso-revenue line TR in figure 1. The less the curvature of the
i{so-revenue lines, the greater will be the effect of exogenous shifts in
the demand curves on changes in the output mix. In other words, as the
price elasticities of demand approach infinity, the situation we assume
to prevail under a competitive framework, the curvature of our iso-revenue
line approaches a straight linc and the effect of a given rotation of the

iso-revenue line on changes in the output mix increases.
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TECHNOLOGICAL CHANGE

We now wish to examine the consequences of certain types of techno-
logical change in the context of our two-commodity, two-factor world.
National (regional) research leaders are faced with the question of the
allocation of research resources among commodities. Even 1if research
administrators follow the Hayami-Ruttanlo prescription of generating
technological change of a type which is consistent with relative factor
endowvments and (undistorted) relative factor prices, they are still
faced with the question of how best to allocate research resources among
comnodities. As we shall see, the decision as to how research resources
sre allocated depends not only on characteristics of the research pro=-
duction functions, but also on the nature of the demands for the final

products. Three alternative situations are analyzed.

Situation I:

This situation is presented graphically in figure 2. The following
assunptions are employed.

1. The initial production possibility curve, f(qg. qg) o0, {0 a

straight linc which implies a = 8.

2. If qy and q; nre measured in terms of the same physical unite,
complete specialization fn q) results in greater output than
complete spectallzatlon {n q,,

3. Our producing repfon can face either fixed prices or downward

sloping demand curves for ita outpute.
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There ls a fixed research budget which can be allocated between
generating changes in 1) or T3. Thus, we are concerned with
determining the optimum allocation of research resources sub-
ject to a research budget constraint.

The research production functions for 1) and 1z exhibit censtant
returna to scale. For simplicity, we assume the research pro-
duction functions are of such a nature as to make q?q} - ng;.
The latter assumption implies that the two research production
functions ylcld fdentical absolute increases in production for
equal rescarch expenditures on 1) and 1. The analysis can be
modified in appropriate ways for alternative assunptions about
q?qi and ng;; ¢.g., a given budget increases efficiency in
equal proportions for q; and q;.

implications of{ our assumptions are:

Allocation of all research resources to incressing 1) results

in a new production poseibility curve f(q}, qg] = 0. Similarly,
allocation of all rescarch resources to increasing T results

in a new production possibility curve f(q?. q;) « 0. Under the
assumption of constant rcturns to scale in the research pro-

duction function, llncar combinations of rescarch expenditures

trace out an lonovatfon ponuibility frontier which 1is convex

to the orfpin. 1he (nnovation possibility fronticr represents
the higheat catpat coshinatlons attatnable from alternative
allocntionn +f 1 ¢ fxed reacarch budget.  We can {llustrate this
reamult In the tollowlng way.  Aasnumce that rencanrch resources

are cqually divided between fncreantg v) and 2. We get a new
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production possibility curve such as f(qf, qg) = 0. The line
segment CD represents higher levels of output than are attain-
able from either f(qi, qg) = 0 or t(qg, q;) @ 0. If one

rotates line f(qf, qg) = 0 to reflect alternative coabinations
of research resources one can see that this traces out an innova-
tion possibility frontier which is slightly convex to the origin.
If the producing region faces fixed prices, it pays to com-
pletely specialize in research, and there will be complete
specialization in production of either q) or q2. If product
prices are such as to initially result in complete specializa-
tion in q; at level Oq?, our producing region would benefit

most from investing all research resources in increasing output
of q); 1i.e., generating the new production possibility curve
f(qi, qg) ® 0. The reader can verify that even with a range

in relative prices which would result in production of either
Oq} or Oqé, total output would be greater at Oq} and, therefore,
incr;aaing 7] 18 superior to increasing v;. If prices are given
but initially result in specialized production of Oqg, then the
converse of the above situation holds with respect to technical
change. (This would not necessarily hold if f(qg, q}) = 0 wvere
sufficiently different from f(qg. qé) - 0.

If the region faces downward sloping demand curves, not only
will the region produce a combination of q; and qz, but also the
highest level of production is obtainable from allocating
research resources to increasing both 1) and 1. In figure 2

we show that, given the iso-revenue line, the highest level of
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output is achieved at B, which is on the new production
possibility curve f(qf, qg) « 0. Purthermore, the more price
inelastic the demand curves, the more convex to the origin
will be the iso-revenue curves, and the smaller will be the

effect of technical change on the changes in the output mix.

Situation II:
In this case we modify situation I by assuming that decreasing returns

u All the other

to scale prevail in the research production functions.
assunptions in situation I hold in situation II. The results are 1llus-
trated in figure 3.

The implications of our assumptions are:

1. Allocating all research resources to increasing t; results in
the new production possibility curve f(qi, qg) ® 0. Similarly,
allocating all research resources to increasing tv; gives us
f(qg, q;) = 0. Linear combinations of research resources on
1] and 15 will trace out an innovation possibility frontier
vhich 1s convex to the origin, but less convex than in the case
of situation I. We can illustrate this in the follovwing way.
Because of decreasing returns in both our research production
functions, ngi > 1/2 ng: and ngg > 1/2 ng;. The line
segaent BC in figure 3 is relatively longer than CD in figure 2.
If one rotates line f(qf, qg) = 0 to ref{lect alternative com-
binations of research resources, and keeping in mind that

decreasing returns to scale in the research production functions

result in successively smaller increments in 1) or 1, for
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budget in increasivg 1) than in increasing T2, &nd (b) in region B it
would pay to invast a higher proportion of the research budget in
increasing 1, than in increasing t1). However, the results may change
as relative product prices change. If the price of qp I8 significantly
higher relative to the price of q) than 1s the situation illustrated

in figure 5, regfon A would allocate more resources to increasing T3
than 1;. With sufficiently strong product price incentives in favor

of q, both regions A and B would allocate proportionately more of their
fixed research budgets to T than to 1). The reverse would be true
with sufficiently strong price incentives {n favor of qi.

In addition to the role of demand conditions for the final products
and the nature of the research production functiuns, variations In
relative factor endowments and in relutive factor intensities with
respect to the cutputs also play important roles in determining the
allocation of remearch resources. For example, under the product price
assumptions (llustrated In figure 5 the labor "rich" region will allo=
cate relatively more research resources to the labor {ntensive comsodity
and the labor "poor' region will allocate relatively more research

resources to the land (capital) intensive commodity.
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SOME IMPLICATIONS

Our analysis shows that the optimum allocation of research resources
among commodities and its effect on the output mix of a region depend
upon the initial production conditions (concavity of the production
possibility curve and the relative size of q) and q, with complete
specialization in the production of each), the extent to which there are
either increasing or decreasing returns to scale in research, whether
the producing region faces given prices or downward sloping demand
curves for ite outputs, and changes in relative factor endowments.
Information on all four aspects of the problem {8 required by research
administrators to decide on the optimum allocation of research resources
among commoditlea.

If the production possibility curve is relatively flat and the
region la a price-taker, we would expect significant shiftms in the output
mix as a result of changes in relative output pricea. Furthermore, the
allocation of remearch resources depends heavily on relat fve product
prices and return to scale In reucarch. HRenearch resourcen would be
devoted entirely to tncreasing the production of q1 {f (a) pricos
initially favor complete spectalization {n the production «f q;, (b) there
are constant or {ncreasing returns to scale in research, and (c¢) thare
are fdentlcal productlon functtona for 1) and 12, Resecarch would
strengthen the tendency toward complete specialization in production.

On the other hand, 1f the production possibility curve Iw concave, both
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of corn and soybean price behavior in southwestern Minnesota, found
that the margin between central market prices and local prices was a
function of the level of output and the output mix in the local region.

Mitoshi Yamaguchi, and Yamaguchi and Hans P. Binswanger,15 in a
study of the cffect of technical change and population growth on the
economic development of Japan, observed patterns of production and
price behavior consistent with our model. In looking at the agricul-
tural and nonagricultural sectors (equivalent to our two commodities),
they found (a) a very flat production possibility curve and (b) a high
degree of stability in the output and consumption mixes, because the
demand curvea for the outputs of both sectors were downward sloping
and especially price inelastic in the case of demand for agricultural
products.

In a aituation with downward eloping market demand curves, inter-
vention in the markets for q) and q, by government (or other groups) in
the form of price support measures or trade restrictions can yield
results similar to the competitive model, i.e., intervention can result
in a higher degree of specialization than would result from a market
solution. (This does not automatically follow because governments can
aleso set the relative support prices in ways which will shift the terms
of trade against the commodity experiencing the technological change.)
Furthermore, price support programs or trade restrictions can also affect
the allocatlion of research resources to the extent that product price
behavior is fmportant in determining such allacations.

The queation of which commodity should receive rescarch reasources

depends very much on soclety's developmental objectives and policies.
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For example, suppose it is the primary concern of policy makers to
increasc the incomes of producers, and relative prices are unimportant.
Then onc rule which could be followed s to increase the production of
the commodity with the highcst price and income elasticities. In this
way one would tend to mininize the extent to which a shift in the terms
of trade teads to counteract the effect of technological change. On
other hand, nuppose one of the commodities is a wage good, it has lower
price and incoome clanticitics than the non-wage good, and it is the
policy makers' desfre to keep the price of the wage good as low as
pcssible. In this casc, it would make sense to invost research resources
in bringing about tcechnological change in the wage good, i.e., we want
to maximize the shift in terms of trade against the wage good. These
are but two of many posoible situations.

Finally, we should be cognizant of the fact that the price elas-
ticity of demand which a region or country faces depends on both domestic
and export demand parameters. It is possible for the domestic demand
curve to be quite price inelastic, but the export demand curve facing
our country or region to be quite price elastic, e.g., the case of corn
in Thailand. In such a situation it would be important for the country
or region to follow price policies which did not exclude dcmestic pro-
duction from cntering cxport marketas, if the policy objective is to
minimize the adverse effect on terms of trade for corn of a change in
output. On the other hand, 1f the name of the game {s to keep domestic
prices as low as posuible, then export barriers might be erected, e.g.,

the case of the rice premium {n Thatiland.
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CONCLUSIONS

We have constructed a relatively simple theoretical model which
shows that the allocation of a fixed research budget between research
on two commodities and the effects of such allocations on the output mix
of a region depend on the initial production conditions, the presence of
economies or dieeconoaies of scale in research, the nature of the demands
for the outputs of the region, and changes in relative factor endowments.
Research administrators require information on all these aspects of the
problem in order tn determine the optimum allocation of research resources.

Our analysis indicates that there is nothing inherently good or bad
about diversification of production. Changes in output mix must be
evaluated in terms of a country's developmental objectives.

Price policies can play an important role not only in the alloca-
tion of traditional resources among commodities in a tegion.16 but aleo
in influencing the allocation of research resources. Walter P. Palcon17
has cogently argued that agricultural price policies should be consistent

with national development objectives. Unfortunately, this is not always

the case.
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