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Research evaluation has been the subject of extensive
inquiry, In most of the¢ studies, the basic model of research
benefits based on the principle of economic surplus has been used
to measure the size and distributional conseguences of research-

indueedd technologic»l change, The literature on the . subject so
far has erovered varinus factors such as the probability of
resesrch success. adoption rates and levels, vegional and
international spillovers and the effects of government sconomic
policies on reprearch benefits (e.g., Davis, Oram and Rymn 1987,
Anderson 1886, Bantilan and Davis 19%1, Alston, Edwards nmnd

Freebairn 1888). By and large, the analysis in previous works Has

been confined within the context of a singls product market. Ths
iavestigation oY the probiesm within & multi-produet context is
yet in the initial stages. For exmmple, a recent work by Alston
(1890) has extended the bmsiec wmodel to ullow an analysis of
welfare changes with the considesation of general‘ equilibrinm
type adjustments taking place in = multi-product setting. The
purpose of this paper is to examine two aspects that nay Hhave
significant bearing in the measurement of potential ressarch
benefits, i.e., opportunity cost and across-ceumodity spillover
effects. Possible product substitution is highlighted in the
process of explaining the underlying relationship of  the
agricultural response and cost structures in & multi-product
production environment. It extends the scope of inguiry of Davis
and Bantilan (1891) that explores the output cost linksges dn
various single-ontput production scenarios, ‘ :

Section 2 gives a bhackground on spillover effects of
agricultural ‘research. Section 3 is +a discussion of* the
theoretical economic framework demonstrating the relationship
between the output response and the cost structure in & multi-
output multi-input production environment. It shows how product
substitution in this setting comes into play in influencing the
output-cost 1linkages. This section also discusses the =role of
technological change and spillover effects and their conseguences
on the cost structure, Seotion 4 develops the nathenatical
relationships implied in section 3. The paper concludes with a

summary of the results obtained.
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New‘knowledge or & technolog;cal breakthxnuﬂh zanerated via
agrienltural research leads to incressed yzelds. or 1mprbvas: by
quality of output, or énhances the efficiency of input use via a
- reduction in unit cost. The new techniques or PrOCEREds
developed may have epplicability beyond the confines of the
location for which the technology was generated, or beyond the

commodity for which the technology was developed. These erfaets{{',

have been raferred to as spillover effects; =nd different types
are distinguished in the agrieultura research l‘tarnture*

The different types of sy;lloven ePfects nay bu‘
systenat1cally discussed by using the framework outlined in
Figure 1. This general framework traces the development of the
different components of the research process, its output and
logical consequences. The enncept&alizatian of the franework
starts with the consideration of research investments (box 1)

that funds the 1mplenentataon of research projects (box 2), Ths

new knowledge and technology generated (box 3) are exp@cied to
bring forth changes in the production and the consumptinn
envxronment (box 4) as the commodity becores more and nore
available in the market as a remult of the utilization of the new
technology. To be more specific, the application of science-
based technologies in agriculture is éxpected to bring sbout
inereases in crop y;elds, average daily weight gain of poultry,
the average 1litter size of 1livestock or increased fish
production. Research is also expected to impreve the efficiency
of wvariocus inputs including management. Ultimately, the above
changes in the production and consumption environment are
transluted into the upgrading nf the welfare of society (bax 5).

But, before the final benefits of research sccrue to the
nerbers of society (i.e., producers and consuners),, three
important conditions must be met., First of all, the research
undertaken must be successful in achieving its targeted
objectives, This introduces the notion of the probability of
success or relative research cepability (box 2a). Secondly, the
potential increase in production promised by & new technology is
ultimately achieved only when the technology is =adopted and
utilized by farmers, This condition necessitates the
consideration of the rates of technology adoption and the factors
constraining it (box Ba). Thirdly, the measurement of <the
welfare gein to society is incomplete if it does not take into
account the externalities (ooth posit.ve and negative) which the
technology involves, .

Classic examples of a negatxve externality (box 4&) are +the
human-induced so0il erosion in agriculture and the detrimental
effects of chemical-based ‘technology. The long 1list of the
effects of the latter example includes the deleterious effect of



FIGURE 1. RESEARCH EVALUATION PROCESS
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The pogitive extsnnalxtzes are 1nooxpmrated wiﬁh;ﬂ the ubova‘-

'~fxanework vig consideration of the concept uf’Bplly

er  offects.
Figures 2 and 3 illustrate how they are

1n a specific location can be adapted to impr

eNficiency of the same product in other location:
or agro-ecological). The consideration of
effects is relevant because the appl;eab
technology may not be ‘the same for =all locat

integrated in the
analysis, Three types of spillover effects are considersd, The
first type (box 6) involves the scross-location spillovers
wherein a technology developed through research for one product
prove the production -
(geo-political
type of spillover
of the new ..
ns as thesc

locations refer to production environments differantiateﬁ bvg ‘

agron¢nzc, climatolqaiaal and ecological factgr5.v

The second type of spiliover effects refers 2o aﬁrbss~ :
commodity applicability of the technology developed (box 7). For

example, a cultural management technique developed specifically
for rice production mey also potentially improve the efficiancy
of preduction for corn and other cereal grains.

The nature of the first two types of spillnver etfactsg
reflects the direet applicability of a technalogy scross :

different locations[pxoduatzon environnents and across differen:
cgnnog:ties. Thus, they\ara ‘rafer~ed to as direct srallo?e“
effects

A third type - of splllover effect is :aterred ta az the
indirect or price spillovesr effects (box 8). Becauge
technological change for a particular commo “ty‘in a specific
location brings forth increased supply which may cause price
changes, then the price effect on other locations (if the
commodities are traded) or its yrace effect on related
commodities may have significance. This is particularly relevant
when the elasticities of the product demand are relatively snall
and/or the rate of produat transformation among commodities ;s
gsignificant.

The theoretical considerations in this paper foaus on the
second type of splllove: effects. that is, the across-commodity



FIGURE 2. RESEARCH EVALUATION PROCESS
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* FIGURE 8. RESEARCH EVALUATION PROGESS -
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. The 1imits of the technical production possibilities in a
nulti-output-multi-input framework ca&n be represented by a
transformation function given by, say, S S A

where Vi, ¥2, ... ¥m represent the awounts produced for each of
the m outputs and Xi, X=, ... X» are the amounts used of sach of
~ the n inputs. The boundary relationship given by equation (1)
expresses the constraints which limit the firm‘s transformations
of a set of inputs into 2 set of final products. It indicates the
substitutability of one input for another (while total output is
held constant) ss well as the substitutability of one output for
another (while holding the total usage of inputs fixed).

-

Without loss of generality, the efficient allocation of
inputs among alternative prnducts can be most easily demonstrated
for a two-input-two-output case. A graphic devise known as ‘the

Edgeworth-Bowley Box (Figure 4) comes handy for this purpose. .,

The Edgeworth-Bowley Box diagram permits all possible
allocations of the two inputs between two products (ysi and y=) to
be visualized. A firm (or farmer) with fixed gquantities of
productive resources (say, lsbor and capital) is assumed in the
analysis. The dimensions of the box are given by the fixed
quantities of inputs available. Isoquant maps are drawn to
represent the production technologies used, o :

In the context of the conditions given above, efficient
: allocation of resources is achieved by the firm when resources
are allocated among mlternative output uses in such a way that
the rate of technical substitution of the inputs is the shme in
the production of every output which he produces. In other words,
the locus of efficient points is given by the points of - tangency
of the two isoguents. This traces out the optimal combination of
the products, vy: 8nd vye, which might be produced. These
possibilities are shown by the production vossibilities frontier,
yixyz«, shown in Figure 5, Moving along this efficiency locus,
from P: to Pe, inputs are being transferred from the production
of yi to the production of y=. The slope of the production
possibility frontier, called the rate of product transformation
(RPTY,measures the rate of product substitution in produetion.

Let us now exsmine the implications of a new technology
that has been developed for one product, say ya, on ‘the firm’s
production decision and gost structure. Assume farst that the
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Figure 4. Edgeworth-Bowley Hox Disgram showing the sfficient

ways in which & firm cgn silocats & fixed amount of K snd L.
betweun he production of Yiand Y2

Figure ©. Production Possibllity Frontier Derivad from
Flgure 4,




technology Jd@as‘nﬁtngﬁﬁgqt th production of the ether piostick,
ya. N | ey DL mro

"~ In terms of figure 5, the technical cham,e pushes the
production possibility frontier outwards as depicted in Figure B,
Conceptually, the production frontier shifts as higher levels of
output of y: can now be produced with the improved efficiency .in
producing that product, Note that the figure illustrates a2 - .ze
where the technology does not affect the productive efficivncy of

. the other product, i.e., the maximum output expected, if nll
. inputs were allocated for the production of yz, remains at level

.F.,ﬁy

< . The improved efficiency in the production of ys induces a
o decline in the substitutability of the two products in the
L production process. This is dillustrated in Figure 6  where the
- slope of the frontier labeled CA is steeper than the slope of the
a fronlier CB which mearis that the rate st which y= ean be tradad
g . for yi in the productive process becomes smaller than before the
v technical change. ‘

1f the new technology were also applicable to vz, (i.e..
positive spillover effects are present) so that its productive
: efficiency also inereases, then the production possibility
g fronticr for ys and y= is pushed further outwards from CB to DB.

: (Refer to Figure 7.) It is noted that the paximun production of
ya1, .if all resources were allocated to it, remains at point B;

+ while the maximum production for y= increases to D, Moreover, it
is noted that the frontier labeled .DB (representing the case of a
positive spillover effect of technology) has a higher slope than
that of CB (which sassumes a no spillover effect). This

, observation dindicates that the spillover effects of some
technology developed for certain ‘commodities may in fact alter
the extent ¢f substitutability smong products, and hence . affect
the decision processes of the firm. ' ;

This observation motivates an inveutigation of the
opportunity costs that may be reflected by the possible
substitution among products in the production process which may
underlie the cost structure of a mulki-produnt firm. The implicit
cost involved may be inadvertently ignored in the usual analysis
of a firm’s cost structure as this is usually done within a single-
product framework. Let us use Figure 8 ns a refersnce frame.

,'? In terms of & one-output-multiple-input framework depicted

+ in Figure 8, a production function may be defined by : ;

i A(ya) = I(x, Xz »
| The figure illustrates the effec. . . technological breakthrough

g S




Figure 8. mwmummmmy fmnnjmﬁhm upward .
shitt due {0 tachnologieal changs for product Y1,

Figure 7. Effect of Technologlcat Changs for Produot Y1 on
the Production Fossiblilty Frontier: Neo Bpliiover and
with Epillover Effects
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are produced with the improved production efficiency. As  shown
graphically, the s.ze level of input (composite) use, say Io,
brings {ort4 an increase in production from vi: to yis“. The
enhancenent of the produnction efficiency (shown ~in Figure 8,
panel &) is translated into chasnges in the firn‘s cost structure,
that is, in terms of a lower total cost and & downward shift +4in
the firm"s marginal cost or supply function, This change in the
cost structure is depictud in Figure & (panels h and ¢), "

30 that the production response shifts as higher levels of output

When the framework is extended to a multi-product Firm,
consideration must be given to the effects of the new technolngy
on the commoditv for which it was developed as well as  the
possible substitution among products and the spillover eéffects
the new technolcgy may have on the other copmodities the firm is
producing. The possible substitution among products involve an
implicit cost or opportunity cost for the producer as he chooses
to produce a unit of one product versus another, The
spillover effects result in the alteration of the rate of product
transformation (RPT) and hence change the firm's cost structurs.

It was shown in Figure 6 that technical change enhancing
the production of product ya (with no spillover effect on y=)
reduces the RPT between yi and y=, i,e. dy=/dy: falls with the
technical change. This means that the marginal cost of producing
Y« (measured in terms of the alternative product y=) declines
with the application of the new technology as the firm now loses
less of y= when it produces y. instead..The implication of this
change on the firm's cost structure is reflected in panel ¢ of
Figure 8, 1In this case, the downward shift in the marginal wcost
*is expressed in terms of how much of the other product {y=) is
sacrificed when one product (y:+) is produced instead. This
opportunity cost may also be measured in terms of the value of
the inputs used. .

, The implications of technical change on the production and
cost structure of product y= are discerned in a sinilar manner,
In this case, technical change (which enhanced only yi) incresses
the opportunity cost of producing an additional unit of y= as it
hay be measured in terms of the alternative product, i.e. Yi.
This may alse be measured in terms of the inputs wused in
production. This means that even if the preduction response
surface of y= does not change (no spillover effect), the marginal
cost of producing a unit of y= increases as the marginal
productivity of the input improves via technical change,

Now, let us take the case where positive across~-commodity
spillover effects are realized. Recall Figure 7 which depicts the
outward shift of the production possibility frontier from CB to
DB due to the spillover effect on product y=. ‘Note that RPTos >




RPTee, d.e. greater product substitution is effected. The
spillover effect is also reflected by an upward shift in the
production surface of vy= which causes the wmarginal cost to
decline. This means that the marginal cnst of producing ¥=
{measursd in terms of how much of ya is sacrificed or how much
input dis used if the Pirm produces y. instezd) is less when
positive spillover e“fects are realized compared to the no-
spillover case. '

The analysis reveals that sacross-commoaity spillover effects
- of technical change finds its way into the firm's cost structure

via ch:uges in the product substitution among the firm’s outputs.
While technical change specific to the production of  one
commodity, say yl, reduces the marginal cost of producing that
commodity, further welfare gains are actually achieved by the
firm if such technology has some applicability such that the
efficiency in production is also improved in other products.

-

4.  OBRPORTU

A_HULTI-PRODUCT PRODUCTION

A MATHEHATTCAL FORMALIZATTON

Given a transformation function, i.e., eguation (1), that
constrains the firm’s ability to choose combinations of inputs
and outputs, the optimal production decisions of a producer may
be determined with the assumption that he maximizes profits,
Thus, the derivation of optimal inpul demand and output supply
levels may logically start from a nonsideration of a short run
. profiit function given by *

‘ cm n :
= Z P - Z W% = FC @)
=, CAeE

il

where ps = price of output i;
wi = price of input 3;
FC = fixed cost
In other words, in the context of production studies, optimal
input and ontput levels implied by the technical transformation
function and the necessary conditions are eguivalently obtained
by the optimization of its dual profit function.

A constrained maximization is solved by 'specifying =
Lagrangian function, say,

»
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L=
—

Piyf‘“z W%y = FC = XCQ(Y1,Vm7 = W)}

1 =l

i

The necessary conditions are:

8%, =~ W+ A :a'?s%«: ¥ = Lo

i

! 3L _ 4 ST
| 5% = QW i¥y) = Hxp X)) = 0.

.

From these necessary conditions, the following equilibrium
solution is obtained, i.e., . :

In principle, the m+n equations implied by eguation {3) plus the
constvaints represented by eguation (1) are the basis for the
optimal salues of the m outputs, n inputs and the shadow price
which maximize the firms profits.

The cost structure of the firm can be translated in terms of
the transformation function definea in equation (1). To do this,

take the total differential of the transformation function to
obtain

8Q. _ T &I
g 559?1"% =2 5% 4% @

14



From quation (4), 88/ ﬁyadm is &btaiHEdl i,8:5

5 e
~ Q
kwl

so that

dy = "8"“"‘ [2‘3.1 dx; ~ ZI ;‘gi%kdyk};' ‘ Krﬁ)"

k=i

Substitution of equation (8) into equation (5); gives

k#i

Taking the total cost funection expﬁessed hy
2 x%gjf+ FC
"the total differential of TC is obtained, i.e.,
aTC = z wdx, . (7)

i=1
By dividing equation (7) by equation (8),

15
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where ' ; : , ,

A = shadow price of the resources implied ‘by the
o Lagrangian function; L ; e
Oa/By. = marginal input required for an inecremental change
- *» in output i and : ‘

”~

7 > 1, opportunity ¢ust multiplier.

The interpretation “of 6Q/8y. comes ffom,' solving the
transformation function, i.e,, - ‘
ag 21f%y: Fai::oo%y)

{ Yy

In other words 8@/8ys is the sum of the marginal changes in the
inputs required to produce an increment of output y«. In short,

8Q/0ys is a composite measure of the marginal input required for
output i,

18
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From equntiﬁnrcsﬁfand‘fag,

% 1

AT I Va1
1- 3 5y, %k 21 35"

*
ke } i

kit P

and using equation (4), we have

;§ "aq
k=1 k, T i e
kel R e L e
1‘ni”f” b S Y S ;

L 9Ox
;=1 3

it

e

Based on the derivation above, dTC/dys or the , marginal ocost
resulting from an increase in one output y. is equal to the -

merginal input reguired for output i, i.e. (89/0y.), valuated by
the shadow price A, and adjusted by an index of opportunity cost,

on

*

Note that in a one output production environwent, dTC/dy. is

equivalent to A 8Q/dy, ;i;,zg,, 8= 1, rﬂﬁﬁﬁ?ﬁ;ﬁ;_ when & firm's ‘

production decision involves two or more products, then the
opportunity costs incurred due to the possibility of producing
other products out of the ayailable set of inputs xs, i = 1,...n,
are relevant, In other words, the marginal input requirements of

17 ’

§, whose value is nonnegative and has a magnitude which depends



~ the other products in proportion to the total changé in total
g cp$§ cannnt‘b¢1i5nqre§, LRSI I T R B T R

The above formulation of the merginal cost fu
e

-, versus another.

S

4,2

; , i S

In the context of the framowork presented in the - previous. o
section, this section examines the implications of technological
change on the firm's preduction decision and cost structure,
Theoretical consideration is foocuced on the second type of
spillover effect, that is, the across-commodity applicability of
& new process or technique developed for one commodity, which may
be epplicable to other related comnoditics. el o

In terms of equation (9), the marginal cost of the firm is
measured by the value of the marginal input required for every
incremental change in y.. In & monoculture - (one-product)
environment, the opportunity cost multiplier, s, is equal to I.

The corresponding analysis for & multiple-ontput-multiple-
input environment is illustrated by using & two~output, three
input production scenaric, where the transformation funotion is
:represented by ' ‘ . N : o

Q(ya, ¥6) = T(Xs, Xz, xs), an

The ons-..-one correspondence between the output vector @ and the
input vector I reflecting the transformation expressed by

equation (10) is shown in Figure 9.

By equation (9), the production constraints ‘giféh by
equetion (10) 1is incorporated in the following marginal cost
function given by

dre, %9 r_____ 1

i et st e - i o ]

e, L VoL g
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Figure 9, A two-output-three~-input transformation function.
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It is noted that the marginal cost in this muitiple*p;oduﬁb i
scenario is significantly higher if the opportunity cogt of
producing the alternative output is substantisl, i.e., d7C/dy. »

a% 0Q/bys, This relationship about the firm*s marginal cost

reflects the change in the total cost incurred by the firm when
it decides to increase production of output y. by one unit. The
change in total cost involves the marginal input (index) reguired
to produce an incremental incremse in output y. valued at the
shadow price, A , with adjustments made to account for +he
ogpaxtuﬁitv cost irvolved when one product is produced in favor
of another. ‘ ‘ : :

Important implications are given by the equation above, The
first implication dis that, with technological chauge,  the
marginal cost decreases with the improvement in the efficiency of
input use as 068/8y:, which measures the marginal input required
for an incremental increase in output i, goes down. Y ‘

Second, if the new process designed for one product, Bay
output vy« produces a spillover effect on other products, i.e,,
the technology is also applicsble to another product, say output
k, then 8Q/By« declines due to the enhsncement in the efficiency
of input use brought about by the new process, This circumstence
allows a decline in the opportunity cost s. Thus, the marginal
cost incurred by a multi-output producer is effectively 'less in &
positive “aeross-commodity spillover" regime compared to the case
whege tthe technology is exclusively sapplicable only to one
Product, : ’

Third, in a neutral technological change environment, the
. relative marginal productivities of the inputs do not change,
i.e., the marginal rate of technical substitution of one input
for another along a fixed input proportion remain unchenged so
that the relative shares are not affected,

However, in the case of biased technieal change, the
marginal product of one or more inputs are increased relative %o
the marginal product of others. This means that the producer will
have the incentive to use more of some inputs relative to other
inputs. This is tantamount to saying that the prices of some
inputs will tend to inorease relative to other input prices, and
that the relative share of some inputs accordingly incresses
while others decline, ‘

The change in the relative input prices effectively changes
the firm’s cost structure. If the relative share of the inputs
for which prices increase is large then the margina. cost may
shift upwards substantially, Effectively, *he cost structure
under a neutral technology change regime deviavss from the cost

20



structure under & bissed technologicsal o
of the possible "input price spillovers” that¢maw‘ucggg. ;

In resume, a re-examination of the linkage between the
firp’s production response Forction snd the corresponding cost
structure within the context of & multi~product “production
environment indicates that  the usual = marginal cost
formulation is deficient ~- it undergstimates the marginal cost,
It is clear that this deficiency ariges from the faect that the
usual andlysis ignores the opportunity cost of producing
alternative produets using the same input. This is eguivalent to
setting the opporfunity cost index s equal to one, when - in
fact, 8 is necessarily greater than one in & multi-product
environment, ~ , o

L change envirenuwent because

The framswsrk doveloped is a more Eeneral formulstion that
gccommodates positive externalities  like across-commodity
spillover effects. In particular, spillover effects across
commodities are translated into smaller values of 6 relative %o
the case in which no spillover effects are involved,
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