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INTRODUCTION. 

The purpose of this paper is to show how the allocation of research
 

resources among commodities and the effects of such allocations on the
 

output mix depend upon (a) the initial production conditions, (b) the
 

nature of the research production functions, (c) the nature of the demand
 

relations for the commodity outputs, (d) relative factor endowments, and
 

(e) the existence of different types of environmental constraints. The
 

basic model used is 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

tions of technical change and demands for the outputs on the product mx.
 

The role of factor endowments is discussed in the fourth section. This
 

is followed by a discussion of the effect of certain types of environ­

mental constraints on the allocation of research resources and on the
 

ou:put mix. The policy implications of the analysis are discussed in
 

the sixth part of the paper.
 

This paper draws heavily upon an earlier work of Martin E. Abel
 

and Delane E. Welsch.
1
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THE•BASIC MODEL
 

To analyze certain questions-concerning the benefits to be derived
 

from'diversification of agricultural production, we need a theoretical
 

model 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, q1 and q2, 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
 

(la) q1 - L~Kl TILl I 

(ib) " q2 = T2L2K 2 - r2L2 K 

which reflect constant returns to scale. Ti and T2 are indices of 

technology. In addition, the fixed supplies of labor and land (capital) 

are represented by 



* (2a) Lj L2 - L 

(2b),: LltI L2~jJ 

Furthermore, we'assume'that the factors of production are fully .employed. 

-We can derive-the expressionifor the slope of theproduction 

possibility curve, which is 

d
 
.1 [a abaL) -j -b,(aR) + -0 -,(b-a)a'+ 

q2 a (ba)(1-8 + ) 
d
 

•where,
 

FrK, K2 1 
+ (l-) [ --R.1T +J ­

'/ 'i1-8
 a­

-. . 
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The'reader is referred to Harry G.+'Johnson, and Abel, Welsch and
 

Robert W. Jo1 1 y," for detailed derivations of the production possibility 

curve and methods for solving for the outputs q, and q2, given the
 

2

product prices.
 

SWe 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, andp2, ' are given to the region and do not vary with changes in ql 

and q2. The other is 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 curves will
 

be convex to the origin over the relevant range of output. A fuller
 

•discussion of the price (revenue) side of the model is contained in Abel,
 

Welsch and Jolly.3
 

Our model assumes Cobb-Douglas production functions to be relevant
 

throughout the full range of production--from complete specialization in
 

ql, to complete specialization in q2. We would like to make two points
 

about this assumption. 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 production 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 small) range of resource sub­

stitution between the two production functions. At the extreme ranges of
 

substitution between ql and q2 the production possibility curve might
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exhibit either a complementaryor A supplementary,relationship i.n the
 

production of qj and q2.
 

The model presented above has some interesting properties. Most
 

important is that the production possibility curve will have little
 

curvature for a wide range in values of the production elasticities c.
 

4-.
and p. This has been clearly demonstrated by Johnson, and can be easily
 

verified by evaluating equation (3) for alternative values of a, 0, and Z.
 

From this result, it follows that the sensitivity of the output mix of
 

qi and q2 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 is 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 

f(q2, 0.q') 


On the other hand, when our region faces downward sloping demand 

curves for one or both products, a high degree of stability in output mix. 

is 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 

iso-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 line ,and the effect of a given rotation of the 

iso-revenue line on changes in the'output mix Increases. 



A 
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TECHoLOGICAL 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 if research
 

6
administrators follow the Hayami-Ruttai prescription of generating
 

technological change of a type which is consistent with relative factor
 

endowments and (undistorted) relative factor prices, they are still
 

faced with the question of how best to allocate research resources among
 

commodities. As we shall see, th- decision as to how research resources
 

are 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 Th following 

ass ptions are employed. 

1. 	 The initial production possibility curve, f (q "q0) -. , is a 

straight line which implies a 8 

,2. If q, and q2 are measured in terms of the-same physical units, 

complete specialization in q, results in.greater output than
 

complete specialization in q2­

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

sloping demand curves for its outputs.
 



Figure .2 

B 

AD 
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4. 	There is a fixed research budget which can be allocated between
 

generating changes in T1 or T2 . Thus, we are concerned with
 

determining the optimum allocation of research resources sub­

ject 	to a research budget constraint.
 

5. 	The research production functions for T1 and T2 exhibit constant
 

returns to scale. For simplicity, we assume the research pro­

0 1 	 0 1
 
duction functions are of such a nature as to make qjqj z q2q2.
 

The latter assumption implies that the two research production
 

functions yield identical absolute increases in production for
 

!equal research expenditures on ri and T2. The analysis can be
 

modified in appropriate ways for alternative assumptions about
 

012 0 1
 
qlq0 and q2q2 ; e.g., a given budget increases efficiency in
 

equal proportions for q, and q2"
 

The 	implications of our assumptions are:
 

1. 	Allocation of all research resources to increasing Ti results 

inanew production possibility curve f(q 1, qI) - 0. similarly, 

allocation of all research resources to increasing T2 results 

in a new production possibility curve f(qj, q) - 0. Under the 

assumption of constant returns to scale in the research pro­

duction function, linear combinations of research expenditures 

trace out an innovation possibility frontier which is convex 

to the origin. The innovation possibility frontier represents 

the highest output combinations attainable from alternative 

allocations of a :ixed research budget. We can illustrate this 

result in the following way. Assume that research resources
 

are equally divided between increasing Ti and T2. We get a new
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production possibility curve such as f(qj, q2) -0. The line
 

segment CD represents higher levels of output than are attaini­

able from either f(q, q) 0 or f(q, q21) 0.0 If one
 

rotates line f(qj, Q) 0 to reflect alternative combinations
 

of research resources one can see that this traces out an innova­

tion possibility frontier which is slightly convex to the origin.
 

2. 	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

0
tion in qj at level Oqj, our producing region would benefit 

most from investing all research resources in increasing output 

of ql; i.e., generating the new production possibility curve 

f~ql, qO) - 0. The reader can verify that even with a range 

in relative prices which would result in production of either
 

0q1 or Oq2, total output would be greater at Oqj and, therefore,
 

increasing T1 is superior to increasing T2. If prices are given
 

0
 
but initially result in specialized production of Oq2 , then the 

converse of the above situation holds with respect to technical 

change. (This would not necessarily hold if f(q1 , q1) - 0 were 

sufficiently different from f(qo, q1) 0.f 

3. 	If the region faces downward sloping demand curves, not only
 

will the region produce a combination of qj and q2, but also the
 

highest level of production is obtainable from allocating
 

research resources to increasing both TI and T2 . In figure 2
 

we show that, given the iso-revenue line, the highest level of
 



output is achieved-at B, which is on the new production
 

possibility curve f(q,, q - 0. Furthermore, 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
 

to scale prevail in the research production functions. All the other
 

assumptions in situation I hold in situation II1 The results are illus­

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(q', qO) -0. Similarly, 

allocating all research resources to increasing T2 gives us 

f(q1 , q ) - 0. Linear combinationn of research resources on 

T1 and T2 will trace out an innovation possibility frontier 

which is convex to the origin, but less convex than in the case 

of situation I. We can illustrate this in the following way. 
$
 

Because of decreasing returns in both our research production
 
02 01 02 01
 

functions, qjqi > 1/2 qjq1 and q2q2 > 1/2 q2q2. The line
 

segment BC in flgure 3 is relatively longer than CD in figure 2.
 

If one rotates line f(q2, q ) ­ 0 to 	reflect 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 T1 or T2 for
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successive absolute increases in rebc)arch resources of a
 

given size, one can see that this traces out an innovation
 

possibility frontier which is convex, but less so than in
 

figure 2.
 

2. 	If the producing region faces fixed prices, it pays.to.,,completely 

specialize in research, and there will be complete specialization 

in production of either ql or q2 - This result is the same as 

that obtained in situation I. 

3. 	If the region faces downward sloping demand-curves for its 

products, not only will the region produce: a combination of gl 

and q2, but also the highest level of production is obtainable 

from'allocating research resources to increasing both T 1 and T 2 , 

In: figure 3 we show that, given the iso-revenue line, the 

:highest level of output is achieved at A, which is on the new­

,production possibility curve f qj, q2) 0.
 

Situation III: 

In this case We make the same assumptions as in situation II except 

00

that we now assume the initial .production possibility curve, f( q2 ) 0, 

is concave to the origin. 'The .results of these assumptions are shown in 

figure 4. 

The 	implications of our assumptions in .this situation are: 

1. 	 Withgiven prices, the region would completely specialize in 

the production of ql or q2 only if the. terms. of .trade were. 

sufficiently in favor of one output or the 'other. Otherwise 

the region would produce some combination of iil and q2. The 
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more concave the production possibility curve, the more likely
 

it is that there would not be complete specialization in pro­

duction.
 

2. Alternative combinations of re;earch resources for increasing 

TI and T2 will trace out an Innovation po:,.bilfty frontier 

which is concave to the origin. This can be shown by the 

same procedure suggested in situation II. As in the previous 

case, the production possibility curve f(q , q2) - 0 is the 

one which results from allocating one-half of available 

research resources to each commodity. 

3. 	 In this situation, it might pay to allocate research resources 

to increasing both TI and T2 , regardless of whether the region 

faced fixed product prices or downward sloping demand curves. 

This can be seen in figure 4. Assume that relative prices are 

such 	that the price line for fixed prices would be tangent to 

f(q1, q2) - 0 at A. Also atsume that the iso-revenue line 

resulting from downward sloping demand curves Is also tangent 

to 	f(q2, q2) - 0 at A. In either case, the highest attain­

able level of production results from an allocation of research 

resources to both T, and T2 which generates the new production 

possibility curve f(q2, q - 0. 

Situation IV:
 

One might also wish to conrsider the case where the research produc­

tion functlons, exhibit Increasing returns to scale. 8 Increasing returns 

might prevail If tt resiearch production functionfi are S-shaped antd th 
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fixed research budget is sufficiently small so as to restrict research
 

activities to the increasing returns portion of the research production
 

function. If the initial production possibility curve is a straight
 

line, as in figures 2 and 3, the new innovation possibility frontier
 

representing alternative combinations of research expenditures on q, and
 

q2 will be convex to the origin. If, on the other hand, the initial
 

production possibility curve is concave, the new innovation possibility
 

frontier could be less concave, a straight line, or convex, depending on
 

the degree of increasing returns in the research production function.
 

Increasing returns to research will result in complete specialization
 

in research activity so long as the new innovation possibility frontier
 

is convex. This will be so whether or not the region faces given prices
 

or downward sloping demand curves for its products.
 



RESOURCE ENDOWMENTS
 

We can also use our model to illustrate how different resource
 

endowments.affect both the output mix and the allocation of research
 

resources. We shall assume (a)two regions, A and B, producing the
 

same two outputs q, and q2, (b) the production function for each output
 

is the same in both regions, (c)the production of ql is more intensive
 

in the use of land (capital) relative to labor than the production of
 

q2, and (d)one region, A, has relatively more land than labor compared
 

with the other region, B.
 

The initial situation is illustrated in figure 5. The production
 

possibility curve for region A is f(qIA, q2A) - 0 and that for region B 

is f(qlB' q2B) - 0. Since the production of q1 is relatively more land 

(capital) intensive than the production of q2 we would expect region A 

to favor the production of q1 . With both regions facing the same fixed 

relative prices, P, the output mix of region A would be at point X and
 

the output mix of region B at point Y in figure 5. The results are as
 

one would expect. Region A, which has an abundance of land (capital)
 

relative to labor, produces more of ql than q2 , and region B, which has
 

an abundance of labor relative to land (capital), produces more of q2
 

than qj.
 

Employing the same type of analysis concerning technological chango
 

as was used in the previous section and assuming the same fixed relative
 

prices, P, in both regions as shown in figure 5, one can verify that
 

(a) in region A it would pay to invest a higher proportion of the research
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budget in increasing T, than in increasing T2, and (b) in region B it
 

would pay to invest a higher proportion of the research budget in
 

increasing T2 than in increasing T1. However, the results may change
 

as relative product prices change. If the price of q2 is significantly
 

higher relative to the price of qj than is the situation illustrated
 

in figure 5, region A would allocate more resources to increasing T2
 

than T1. With sufficiently strong product price incentives in favor
 

of q2 both regions A and B would allocate proportionately more of their
 

fixed research budgets to T2 than to T1. The reverse would be true
 

with sufficiently strong price incentives in favor of ql.
 

In addition to the role of demand conditions for the final products
 

and the nature of the research production functions, variations in
 

relative factor endowments and in relative factor intensities with
 

respect to the outputs also play important roles in determining the
 

allocation of research resources. For example, under the product price
 

assumptions illustrated in figure 5 the labor "rich" region will allo­

cate relatively more research resources to the labor intensive commodity
 

and the labor "poor" region will allocate relatively more research.
 

resources to the land (capital) intensive commodity.
 



ENVIRONMENTAL'.CONSTRAINTS.,
 

We will nowuse the model to examine how several environmental 

constraints affect the'allocation of research resources and-the output 

mix. We consider four.types of physical or institutional (economic) 

situations: (1) heterogeneity in the quality of at least one factor of 

production; (2) restrictions on the use of certain technologies; 

(3) restrictions on the output of one commodity; and (4) improvement
 

in the quality (productivity) of one or more inputs.
 

Heterogeneity in Factors of Production
 

Thus far we have assumed the factors of production to be of
 

homogeneous quality. In fact, one finds considerable variability in
 

the quality of factors, particularly land. The introduction into our
 

analysis of variability in the quality of factors assures concavity of
 

the production possibility curve, as illustrated in figure 4.
 

In general, the effects of technological change and different
 

demand conditions and the implications for the allocation of research
 

resources are the same as in Situation III.
 

An extreme case of heterogeneity in factor quality might be one
 

where a certain proportion of land is suited for the production of
 

only qj, and the remaining land can be used for the production of only
 

q2. In this situation, the production possibility curve of the type
 

postulated in Situation III would be a rectangle whose northeast corner
 

is at B in figure 4 prior to technological change and at point A after
 

technological change.
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Thus, heterogeneity in the quality of factors increases the
 

likelihood that it is profitable to allocate research resources to
 

increasing factor productivity for both commodities.
 

Restrictions on Technology
 

The case where restrictions are placed on the use of certain 

technologies is illustrated in figure 6. Assume our initial production 

possibility curve to be f(qo, qO) = 0. The output mix of the region 

is given at point A for either downward sloping product demand curves 

or given prices. 

Now assume society bans the use of a particular technology, say DDT, 

which affects the production of q2 but not qj. The new production 

possibility curve would be f(q0p q1) - 0. The output mix would be at C 

if the region faced downward sloping demand curves, and at B if it faced
 

given product prices.
 

All research resources could be used either to increase T1 which 

would generate f(q', q1) - 0, or to increase T2 which would get the 

region back to the initial production possibility curve f(q', q0) - 0. 

Complete specialization of research to increase Ti would result in output 

mixes of either D or E, depending on whether the region faced downward 

sloping demand curves or given prices. Complete specialization of 

research to increase T2 would put the output mix at A, the initial point.
 

Linear combinations of research resources in T, and T2 would trace out
 

an innovation possibility frontier which is convex to the origin.
 

The optimum allocation of research resources depends heavily on
 

final demand conditions. This can be seen most easily in the case of
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given product prices. If in figure 6 relative prices strongly favored 

the production of q2, then research resources should be allocated more 

to increasing r2 than T1. Au relative prices moved more in favor of qi, 

the relatwiv mix of reiea rch ro-iiource i wot i1(nove In tavor of increasing T1. 

Restricttison,(o t.i, Level oi Cotiunod Ity ()itput 

We noiw v)iii idexr the.' ctu e where )vC,omen tti place restrictions on the 

output of on. c m-o tty hut n1t1r mii the other; I.e., a maximum level of 

oUt'put for one omit pt. I; :;lpcc I lt-d ,tmd en forced. This situation is illus­

trated in fptiure I whet e the tittput of q2 cannot exceed q2 " 

The Inittial 1in,, is f(qo,qo) 0, and thepidut pouiltllty curve 

initial output inix prior to the Imposition of output controls is A. 

We assume thit pritce; mtre givn to the region. In the absence of a 

restriction on th,, output of q2 lind atsuming decreasing returns to scale 

in the research production ftnctlons, It pays to allocate equal amounts 

of research resources to Increasing il and 72- Such an allocation of 
2 2 

research resources yields the production possibility curve f(q1 , q2) _ 0 

and the output mix is at point B. (The production possibility curves
 

1 00 1 
f(qi, q') - 0 and f(ql, q2) - 0 represient complete specialization of 

research resources in Incransing either T, or T2 , respectively.) 

With the output rettraint Ini effe t, output would be at point C 

prior to any chiiuge iii t,'cIho1l gy. |cmr g ivyen prices, C represents the 

highest level of rveiitim whilc-h tIe, 4,11 cdil attain. 

Opvrat lu, under the ottplt retrit-ilit It would pity to devote sub­

stantiaI ly inr, ri, rciih retioui-cii t( Incroti lng t1 relattv? to -2 

than wait truefi t the tinteuitral tied c ,1(10. 'lhe high,ist returns would be 

obtained from an allocation of research resources which generated a new
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production possibility curve passing through point D. In order to
 

simpiify the figure, this curve is not drawn in figure 7. This curve
 

The price line would also pass
would be steeper than f(q2, q) = 0. 


through point D but,as is the case at point C, it would not necessarily
 

be tangent to the new production possibility curve at D.
 

When an output restraint for one commodity is binding, it may still
 

pay to devote some research resources to increasing factor productivity
 

However, the general effect of the restraint is
for that commodity. 


to cause a reallocation of research resources to increasing factor pro­

ductivity for the unrestrained commodity.
 

Improvement in the Quality of Inputs
 

Finally, we wish to consider the case where investments are made to
 

As an example,
improve the productivity of one of the inputs, say land. 


consider the initial stock of land to be irrigated, but with no control
 

The initial pro­over the application of water in individual fields. 


0 in figure 8.
duction possibility curve might look like f(q ,qol) 


(For simplicity, we will use straight line production possibility curves.)
 

In the initial situation, there will be complete specialization in the
 

production of q2 at point q2 whether or not the region faces downward
 

sloping demand curves or given prices as depicted in figure 8. As a
 

practical illustration we can think of q2 being rice and q, being veg-


Without water control in individual fields vegetables might be
etables. 


grown by forming ridges of earth to keep the crop above water.
 

Now consider improvements in the irrigation system which result
 

in full water control in individual fields. The new production
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possibility curve is f(q',q2)= 0. With the same given prices as in
 

the initial situation the region would switch from complete specializa­

tion in q2 to complete specialization in ql at an output level of Oqj.
 

With downward sloping demand curves output would be at point A.
 

The construction of figure 8 departs from our previous assumptions
 

in two ways. First, improving the productivity of one of the factors,
 

such as land, through improving the quality of irrigation systems may
 

or may not be considered technological change. Second, if it is con­

sidered technological change, the assumption that complete allocation
 

of research resources to increasing either Tj or T2 results in equal
 

absolute increases in q, and q2, respectively, no longer holds. Never­

theless, we find the results depicted in figure-8 to be quite instructive.
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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 q2 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 its outputs, and changes in relative factor endowments.
 

Information on all four aspects of the problern is required by research
 

administrators to decide on the optimum allocation of research resources
 

among commodities.
 

If the production possibility curve is relatively flat and the
 

region is a price-taker, we would expect significant shifts in the output
 

mix as a result of changes in relative output prices. Furthermore, the
 

allocation of research resources depends heavily on relative product
 

prices and return to scale in research. Research resources would be
 

devoted entirely to increasing the production of qj if (a)prices
 

initially favor complete specialization in the production of qj, (b)there
 

are constant or increasing returns to scale in research, and (c)there
 

are identical production functions for Tj and T2. Research would
 

strengthen the tendency toward complete specialization in production.
 

On the other hand, if the production possibility curvc is concave, both
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q, And q2 would tend to be produced, except In the case where the 

region faced fixed priceti and thesne we ie of utih tiln ext.reme nature as 

pect lto dictate complett, ilt. at tn fi,prte,uct Ion. lExccIt for the 

extreme c a ;,, 1iit'itltch Wil' wold I- a]lo&tit-d to Ittcienniing both 

-r and 1m,. 

E'ven it the p urdut l,,i lin.bl i I fty curve Inl relatwively flat over 

a wide ra.nge of vatl.it min i, and,q,, we may stilll observe a high 

degree of ;tabill tty fitithr witnpu t nix even with t echnological change 

becatine the r og, it i d iuIw,itr d t lopfing demand curves for Its outputs. 

The more pl e ,l,t:- r,-t dPvil i-i curvent, the more convex the iao-revenue 

lines, and t ' 1!,, , ive 1.i tht' otltput. mix to technological change. 

Furthermore, even with (Iownw.ird-;lopitg demand curves, it would still pay 

to devote it]l iv,,aruh rv ,..,('. to on(e commodity if the combination of 

(a) the slope of tlie nit ial production possibility curve and (b) returns 

to scale in reswarch re,;ulted In an innovation possibility frontier which 

was either a otralght li e or convex. 

A region might face downward ,;loping demand curves for its products 

either because of short-run rigiditlenj in parts of the marketing system 

or because chtingets in outtput level,'; of a region were sufficient to change 

the 

cant changesnIt lie prod( u Ion of on'. crop (i'an cause temporary distortions 

in the relat Iwye lprfitt rcitume of a reogtori compiiared with pricer In a 

prices throughout. lie n;mL Iihg i;y,;tvem. There in evidence that uignifi­

larger clrack¢etin' , ar 'a. Um . ,l , Iit 1er i;tudy of t;orghum grain 

marketing In wont cri liiitt, founrd lht di;tort lioi In llt ecmnarket price 

differentials ikro!;e when the voltuine of grain prodt.'t Itn andl murketlngo 

pressed against the uprply of tranoluort service., Jolly, 10 In a study 
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of corn and soybean price behavior in southwestern Minnesota, found
 

that the malrgin between central market prices and local prices was a 

function of the level of output and the output mix in the local region. 
11 

Mito:.hil Yamaguchi, and Yamaguchi. and Hans P. Binswanger, in a 

study of the effect of technical change and population 1,rowth 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 curves for the outputs of both sectors were downward sloping
 

and especially price inelastic in the case of demand for agricultural
 

products.
 

In a situation with downward sloping market demand curves, inter­

vention in the markets for ql and q2 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
 

also 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 allocation of research resources to the extent that product price 

behavior Jr; Im1portant in determining such allocations. 

The queIon of which commodity should receive research resources 

dependa very much on soclety'a developmental objectives and policies. 
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For example, suppose it is the primary concern of policy makers to
 

increase the incomes of producers, and relative prices are unimportant.
 

Then one rule which could be followed is to increase the production of
 

the commodity with the highest price and income elasticities. In this
 

way one would tend to minimize the exten!, to which a shift in the terms 

of trade tends to counteract the effect of technological change. On
 

other hand, suppose one of the commodities is a wage good, it has lower 

price and income elasticities than the non-wage good, and it is the 

policy makers' desire to keep the price of the wage good as low as 

possible. In this case, it would make sense to invest research resources 

in bringing about technological 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 possible situations. 

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 domestic pro­

duction from entering export markets, 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, if the name of the game is to keep domestic
 

prices as low as possible, then export barriers might be erected, e.g.,
 

the case of the rice premium in Thailand.
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Finally, we explored the implications of four types of environ­

mental situations for the allocation of research resources and for the
 

resulting output mix. In each situation our model gives us useful
 

insights. Demand conditions for the products play an important role
 

in allocating research resources in each environmental situation con­

sidered.
 

Heterogeneity in the quality of factors of production imparts con­

vexity to the production possibility curve. Regardless of demand con­

ditions, heterogeneity in factors will tend to cause research resources
 

to be allocated to both commodities. In the case of restrictions on
 

the use of certain technologies in the production of one of the commodi­

ties, the optimum allocation of research resources depends heavily on
 

final demand conditions. Restrictions on the level of output of one
 

commodity should cause a reallocation of research resources to increas­

ing factor productivity in the other commodity. However, itmay still
 

be profitable to allocate research resources to both commodities even
 

when the output restraint isbinding. Improving the quality of one
 

factor can also have a significant effect on the output mix with the
 

nature of final demand conditions again playing an important role.
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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 diseconomies of scale in research, the nature of the demands
 

for the outputs of the region, changes in relative factor endowments,
 

and the existence of certain types of environmental constraints. Research
 

administrators require information on all these aspects of the problem in
 

order to 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 allocation
 

of traditional resources among commodities in a region,12 but in also
 

influencing the allocation of research resources. Walter P. Falcon13
 

has cogently argued that agricultural price policies should be consistent
 

with national development objectives. Unfortunately, this isnot always
 

the case.
 

Environmental considerations can also play an important role in
 

determining the optimum allocation of research resources.
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