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PRINCIPAL ISSUES IN THE EVALUATION OF PUBLIC RESEARCH
IN AGRICULTURE

Gordon C. Rausser, Alain de Janvry, Andrew Schmitz, and David Zilberman

1. Intrﬂdyction

Recerit literature abounds with observations on the lack of pubﬁic support
for agricultural research and extension. As R. J. Hildreth notes in a recent
AREA Newsletter: “Administration-recomménded decreases in formula funding in
1978-79 for- the most part have been restored by Congress, but budget increases
have beeh hard to come by.™ Hildreth draws support for his views from the
recent work of Paarlberg who argues that a@férianism, while not dead, is di-
minishing at an incrzasing rate. Similar ngeryatibnS'ﬁévé heep-é?yan&eéyﬁy
C. 0. McCorkle who argues that the entire agricultural ré%éérch)éfrééturé is
being increasingly challenged. The reasons he offers for this challenge in-
clude: (a) the visible output from current téséérch facks the spe&tacu]ar
aura of earlier achievements in agricultural research; (b) there is an in-
creasing emphasis on immediately demonstratabie resa]tsﬂwﬁich have Bbvicus

1mﬁ37cat1ons for the 1eve1 of supgﬂrt for Basic research (c} urbaﬂ graapsx

interests; and (d) for ﬁny pub31c investment in agr1cu1tura¥ rese&rch there
are numerous conflicting ‘goals, and ro formal measurements havé been advanced
in any persuasive fashion to resolve these ccnf1icts.; MOréﬁ%er,uén'the popu-
lar media, -there is a growing disenchantment with pub]it'géséérch which is
thought in the short run to benefit large wealthy landowners, a few selected

input manufacturers, or some of -the major processors of agricultural products.



Much of the fire directed toward public research in agriculture comes from
organized aroups such as farm labor unions, small farmers, and consumer-
interest organizations which often express the view that agricultural research
activities tend to serve agribusiness interests. Their views seem to suggest
that public funds are employed to distort income distribution in the agricul-
tural and food sector toward thaose with Jlarge endowments and to enhance the
concentration process amang input suppliers, assemblers, processors, and dis-
tributors. They often argue--and in some instances correctly--that much of
the reséarch underiaken by the public sector should, insteéead, be made by the
private sector. They argue that the public is simply subsidizing those who
would ctherwise undertake this research themselves—an instance of redistri-
bution from the poor to the rich.

In the ab0ya setting, it is important once again to address the issus of
what type of ressarch snould be supported by the public sector. In treatments
of agricultural reszarch evaluation, most analysts treat research as an aggre-
gate without distinguishing the types that should be supported by the public
sector from those types that should be supported by the private sector. In

gur analysis, we will find it useful to draw a distinction between. three major

types of research: basic core, semibasic, and gpplied research. These {hree
types of research will be férma?]y definad iaﬁSectiQﬁuZ. At this stage, it is
important to recognize that the process of basic-core research defines the
stock Qf knowledge; semibasic research expands, alters, and makes specific the
existing stock of basic knowledge; and the results of applied research have-
the unigue feature of entering actual production precesses. The relationships

among these three types of research are depicted in Figure 1.
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The basic justification for public support of research in each of the
above three categories is based, of copurse, on the notion of information as a
public good. A wealth of literature on the economics of research and inven-
tiocn argues that there tends to be undérinvestment in the private sector for
such activities due mainly to the imperfect appropriability of knowledge.
Other justifications for public investment in research and inventive activi-
ties inciude, inter alia, ;he distinction between public versus private risk
preferences {Arrow and Linﬁ), the distinction between public and private dis-
count rates {Marglin, Raw?s(ﬂ), and the magnitude of uncertainty and the eco-
nomic 1ife of generated knuw?ed@%. Other reasons for public supporit that are
generaliy not recognized by anai}sts relate to the public sector's desire to
foster and maintain a ﬁompetitiﬁg<structare within the agricalture and food
sector. This basis for public fnvestment in research requires evaluations of
the structure, comduct, and performance of the priyate sactor; market distor-
tions resuliing from technological change; returns fo the scale of knowledge
accumulation; and the kind of incentives that exist for coalitions or group
actions Tormed to support research in the private sector.

Given the above observaiiqns, a'ﬁgﬁber of issues will be addressed in this
paper. First, what is the deéisigy béé?ﬁ for determining the “pest" mix of
private and public investment in agricultural research? Does this evaluation
base differ for core-basic, semibasic, and applied research categaries?

Second, while there ceriain?y*is some justification for the Arndt and
Ruttan observation that “few of the available studies are free from metho-
doingicai or empirical problems,” is there any real support for their ob-
servation that "nevertheless, the overall robustness of the return figures do

not appear to bhe in doubt®? If the rate of return and associated decision




5.

rules are found wanting, what alternative criterion decision rules in the con-

text of both ex ante and ex post evaluations should be used? In this new

framework, for both ex ante and ex pos; evaluations, what are the measurement
requirements, e.g., of the research and development process, the general equi-
librium effects, the time period for eva%uations, %he distributioné1 effects
across and within groups, compstitive versus noncompetitive evaluations, and
the 1ike? | |

Third, once the mix of public and private sector investment in research
has been determined, how do we operationally evaluate alternative research
activities in the public sector? Contrary to many claims in the literature,
we shall argue from an operational standpoint that the free-rider probtems
associated with. the provision of public goods have never been‘goiﬂed, ROr are
they likely to be solved (Green and Laffont). In this conéext; oﬁr purpose
will be to advance a framework which will be to maximize the social value of
pubiic goods while holding in check the free-rider problem.

The fourth and Tast set of issues to be addressedkis motivated, in part,
by a TEEEﬂt Gbservatlon of T. W. Schultz with respect to the compTacency and
falTufe of ecansmists tc challengs "pravate pakrons, founﬁatwens, and govern-
mental agenczes on their a?iﬁcat1cn of funds for enonom:c research " Tech~
nology has social as well as economic dlmenswans* Sance the grawth and income
effects of technology are determined not only by the nature of technology but
éTsuzby the social relations of ifs diffusion, it is essential to go beyond
the market theorjes of technological change. The market dominated paradigms
are.based(}ayge%y on the theory of induced innovations developed by Hicks,
Fellner, and Ahmad which Hayami and Ruttan have applied to the case of agri-
cultural technology. This theory needs substantéa?‘awgmeﬁtatian to explain

the events that transpire during the process of technological advancement.




For example, in the case of the California agricultural sector, relative fac-
tor endowments are the result of a Tong history of public policy. Labor

scarcity was overcome at first not by shifting to less labor-intensive crops

but by increasing labor supplies 1arge§y through immigration policies of one

sort or another. Only when these policies could no longer be pursued did at-

tention turn to mechanization. Hence, the drive toward mechanization may be
seen as the product of a social process where landowners use their wealth and

political power to determine the direction of technological éﬁange. We shall

argue that, if economists ever hope to provide truly useful analyses which
will in some substantive sense influence the choices of public decision-
makers, they must understand, be able to expliain, and even prediét the be-
havior of the public sector in their support of agr%tﬁ}tura] research and ex-

tension activities. This forces us to examine the positive aspects of public

investment ?n agricuiturai research and extension activities for which there
are currently a number of alternative pa%édigms, inéer“aiiq, the theory of the
state, the theory of economic requlation and govermental intervention, and the
theory of endogenous govermental behavio}. Once $&éﬁ'pé£itiﬁe—3399cts are
fully undéfstond, a n&mbe; ef cfeativefanpgftumities wi?ixeiisi for altering
the normative an&i&éis associated wﬁthtfhehfi}st'threeuéets of issues ad-

dressed in our paper.

2. Public Versus Private Research in Agricg}tgfe

In order to address the first principal set of jssues outlined above, as
well as the remaining sets of issues, we must first éénﬁeptﬁa11ze the process
of research and:deveiapment. As sugéestéd'éﬁove, we shall find useful the

distinction between core-basic, semibasic, and applied research, These cate-

gories represent stages of the research process and are distinguished as




follows. Basic-core research is the search for general knowledge without re-
gard to its ultimate usefulness. Semibasic research is also a process of
search for principies, but it is targeted toward potentially applied areas.
Here the basic-core stock of knowledge is taken as given; and attempts are
made to alter its apprepré&ten&sé, qué@ity dimensions, amd other characteris-
tics, Applied research is eXp1icit1y designed to improve production possi-
bilities and to improve inforfation sources for economic decision making.
Applied research results in either embodied or disembodied technological
changes. Applied research can ha;e tﬁﬁ effects: technolégfﬁai, through the
improvement of production functions, and pecuniary wealth redistributions due
to price reevaluations that may occur from the release of the new tech-
nology~ As Hirshleifer notes, the pecuniary effects may serve as incentives
for prfvéte investment in research since the innovator who arrives first with
the information is able; through speculation or resale of information, to cap-
ture the pecuniaf} effects.

In the case of each of the above stages of research, there are a number of
important areas of agricultural research and development that can be dis-
tinguighed. These include bié?ogica}, chemical, mechanigal, etonomical, in-
fOrméﬁj@ﬂéﬁ,;Bnd’managerig3._;Sﬁmg_examp]es 0f re$earch”top$ts.acgnrding'tﬁ
stage and type of fésearch are given in Table i;‘:fhis I{st is #65% caftaﬁniy
not meant to be exhaustive. The distinguished areas and stages of research,
however, are particularly useful for drawing inferences about those research
activities that should be conducted by the private sector and those that
should be conducted by the public sector. Each of these areas of research and
its associated research activities are distinguishable in terms of their

patent enforceability, economic Tife, technological versus pecuniary effects,




TABLE 1

Besasarch Activities Clasaified by Beasearch Stage sand Type

Eesearch Repesrch stages
Types Coreg-Basig Semibasic Applied
Biclogical Geniezie Tesearch Recombinant PHA, cloning Animal breeding
Zoology Veterinary medicine Animal vaccines
Entomology Integrated pest management
Botany Plant pathology Hybrid seeds
Earth acience Crop rotation
Chexical Biochemistry Toxicology Pesticides. berbicides
Organlc chemistry Food pressrvacion Mear nltrate preservatives
Economical Microeconomics Economatrics Empirdcal econometric
wodeling
Walfare econemics Applied welfare Cogt~benefit analysis
Agricultural econemles
Mechinical Physics Mechanical engineering Farm ﬁéchiner?
Herallurgy Hydrology irrigation systems
Geclogy
Statistical thesry Applied statistics ﬁe&!hgr*;a:écﬁs&

Isformarional

Psychology

Electronics

Deciaion theory
Operarions research
Circule theory

Computer design

Crop lnd pr£ce férecasts

Computer monltorlog systems

Managerial

All of the above

All of the above

Izproved practices
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and the ahility of rivals to imitate the research and developmeni processes.
These characteristics will determine, in large part, whether the net benefits
of research and development activities can be captured by the private sector.
To the extent that such benefits can be captured the pablic sector should not
be involved in such research and development activities. Obvwousiy, given the
definition and associated distinguishable areas of research for the core-basic
stage, only the public sector can be expgc@ed to make inuesfments during this
stage. Howevery in the case of semibasic and applied research, the optimal
mix of public versus private research investments becomes an impértant issue.
For all areas of research, the public sg;tar should support ?asitwcere
research. For the two remaining stages, a number of important distinctions
can be made. First, in the case of chemxcal research actTV}tzes, a m%x of
public and private sector ressarch can be justified during thQ stage ﬁf Semi-
basic research, However; in the case of applied research, the private
sector can end does assume much of the responsibility for research and de-
velopment activities. This is due in large part to the short economic life of
" guch activities -in the chemical industry cver_waiah much, if not all, of the
benefits accrug to-the innovator. Moreover, the%é %s,a fair amount ﬁf CONCen-
fration in the chemical industry; as Kamien and Schwartz observa {p. 24), in-
termediate concentration ratios seem the most conducive 1o research effort and
success, while extreme concenfration raties provide less incentive for private
investments in research and development activities. Moreover, they note that,
in the case of the commonly tested hypothesis that research and development
activity increases more than proportionately with firm size (p. 32), "the bulk
of empirical findings do not support it, with(tﬁg nota?%e exception of the

chemical industry.®
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In the case of mechanical research activities, once again we find that the
bulkx of applied research should be undertaken by the private sector. This
result occurs simply because the characteristics of economic }ife, techno-
logical and pecuniary effet%s, for this area of research are swamped by the
patentability, enforceability, and obstacles to imitation for such. research
activities. For‘bio}agica1 research activities, not subject to the Plant
Variety Protection Act, it is Tikely that an underinvested, stagnant
equilibrium will arise in the brivate sector due to the ease of imitation and
the lack of patent énférceabi]ity. Thus, much of the socially desirable
biological research undertaken during the semibasic and applied stages should
be supported by the public sector. For eceonomical, informational, and
maqggerié1 re§earch and development activities, again difficulties arise in
individual inno;aters’ atteépts to capture the net benefit of any particular
innovation. Thus, one may expeCt underinvestment in this type of research
from the private sector. Noté,?héwever, that there are some ingentives for
the formation of coalitions or groups in the private sector {e.g., commodity
gssaciations, research and‘devé?opment marketing organizations, and the like)
i@ take advantage“ofﬁihé péCUﬁiary‘é%terﬁaiétﬁé% and -returns~-to-scale
d?%ensieﬁs that arise ffd% such research and development activities. As
Hir&hieiféfrﬁoéés:(p. 573},$é”§r6ub of such individtals might willingly
cooperate in making expenditures far in excess of the social value of the
information to be acquired. Of course, when this type of collusion exists,
public sector R&D may be unnecessary.

In the above ana?ysis, the key determinant of the desirability of public
research is based ah whether the private sector can capture sufficient bene-

fits from the result of its research activities. Quite simply, if such
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benefits can be captured, then incentives exist for the private sector to make
the appropriate levels of investment in RgD activities. WNote, however, that
this analysis ignores t%e possibility that pub1§c R&D research may be
justified on still other grounds. Specifically, for those situations in which
private research might have a detrimental effect on the structure of the
indust%y, making a competitive structure noncompetitive, or a noncompetitive
structure still more imperfect, a mix of’pubiit and private research may serve
to preserve competition and/or reduce the amount‘ﬁF‘Eoncentr&t@enal

To illustrate the importance of the noncompetitive criterion, we analyze
the outcoméJﬁ% féseakch activity using a]teﬁhat%%e“rat&&9f~returﬁ“mé&éures(fer
R&D activities. Nﬁi?e the rate-of-return analysis is useful at this juncture
for il?ustratiﬁeﬁpurﬁéées, %tfw%?i be argued in Section 3 that sith measures
are flawed and that their popular use as an ex post measure of public research
investment performance should be seriously guestioned.

In the case of private investment in research development activities,
Mansfield et al. have computed the private and social rates of return from
such investments. In their simplest form, thesé«tamputatﬁdﬂs for. the private
rate of retﬁrn are simply the ratio of the" change ta economiz rent to the
-przvate s@ct@r to the‘éésacxated 7nvestments by the prxvate sector, while the
correspend1ng socxal raté of réturn 1ncnrporates the changa in congumer's
surplus. In the case of public “investment, most agricultural economists have

focused on the social rate of return from public investment.? Neglecting

IThe remaining discussion of Section 2 draws heavily from the work of
Hueth, Schmitz, and Cooper.

2There are, of course; exceptions. For example, Peterson's analysis of
poultry research calculated the social rate of return from both (joint) public
‘and private researgh, : < h
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private investment, the social rate of return in the vast majority of these
studies has been expressed as the change in economic rent to producers pilus
the change: in consumer surplus. re?at1ve te the 3eve1 ef publ1c 1nvestment.
However, much- of the research cenducted in agrzculture 1nuo?ves both pub11c
and: private invesiment, and thus the social rate of rgturn should be based on
the denominator which reflects this sum. | :
Intérestingﬂy, most of the research on rates ofﬂre;urn to agricuitural
public investment focuses only on the change in coésumér surplus and the
change -in eﬁeﬂamig,rgnxtgq;prgdqgers as medsures of the bgnefﬁﬁé. However, at
Sa-minimum, a thirvd compenenﬁ has to be explicitly recognized, i.e., input sup-
paiefs~and}or,m§§ket 1ntermedjarje5 (emgl,1grainﬁ;qmpééié§,;§gr§iliger com-
paﬁi355:feed companies, . and the like). To accomplish this, tﬁe'ﬁeﬁeféﬁ
measurenants should be ﬁxtendéﬁ to include the change in economic rent to
such groups. For the private rate of retnrn,_the Mansfield computatién wou 14
be the ratio of the sum of the change in economic rents to produéers plus the
iﬂxeymgdjgte,Eﬁgﬁomig reg§5?§e1a§iug gg,gﬁgﬂjnyastmep; unﬁekigken by the pri-
vate seéctor... Mote that, t@ include such sansaderatloﬁs as the 5ﬁc3a1 cost to
désp&acéé‘ﬂark&rsufrom such tﬁﬁhnoiogmes as mechaﬁwcaT Taborsavwng tech~
- relative to.the sum of. both .pr;yagetalz,fi;puﬁigl;g myesgeaeﬁt _;.n resiear;;h. These
four components include the change. in consumer surplus, the_changé in economic
rent to producers, the change in economic rent to intermediaries, andkfhe
social costs imposed upon ﬁjsglaced(}abgr, Fina¥1y,‘in many evaluations, 1t
will prove useful to compare the r&te of returﬂ‘taninta}maﬁiarées;r@%ﬁitiﬂg
from the benef1t$ accru}ng d?rect?y to thedr investments versus the rate of
return for the same benefits accruing ta both their. wnvestmchs and pub11c

investaents.
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What is important in the above analysis is the nature and extent of both
public and private research costs. For example, in Mansfield's work, some of
the high computed rates of return from private investment could be misleading
if many of the benefits accruing to the private sector are the direct result
of public investments. In other words, the benefits are due npt only to pri-
vate research activities but as well to public research activities. The
private return from private investment can be quite high while the private
rate from the joint public and private research can be quite low as can the
social rate of return from joint investment.

For the competitive, full-employment paradigm, the social rate of return
from private investment has to exceed the private rate of return. If the com-
petitive assumption is relaxed, we can employ a simple static analysis to show
that the private can exceed the public rate., Consider Figure 2 where Pl
is the competitive price before the innovation (Hueth, Schmitz, and Cooper,

p. 15). 1f, after the innovation {supply S'), the industry can monopolize
price at Pm, the social rate is less than the private rate (i.e., the

private rate exceeds the.social rate). This is demonstrated in Figure 2 where
‘the net. addition to . the private sector in the new equilibrium situation is

(PmacP1 + def) - bcd.  However, the loss to consumers is ?mahpl. Hence,

from the gain in economic rents, there has to be subtracted the loss to con-
sumers which makes the private return greater than the social return. It is
important to point out that, if area abd = def, the social rate is zero; and
if abc > def, the social rate of return is negative even though the private
rate can still be positive. In terms of Figure 2, a large private rate of
return is possible even though the social rate is small or negative. Not only
is a technological change brought about by private investment but, in addi-

tion, this change allows the private sector to engage in monppoly pricing.
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FIG}JRE 2, -Méﬁbp'ﬁiy Pricing Resulting From Technological Change.
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To illustrate the above framework, consider the well-known hybrid corn
example. Studies have been done which show the rates of return from public
investment and the speed of adoption of hybrids by farmers in the United
States (Griliches). However, what is the 1ink between public research and the
use of its end results by producers and, ultimately, consumers? Assume for
the- moment that the Targest funding for hybrid reésearch cémes from the public
via experiment station research. The resulting product ig a public good. But
who obtains the benefits? Farmers do not buy new seed varieties directly from
public dnstitutions {e.q., experiment stations}. Generally, seed is’purchased
by farmers from private seed companies. There are well over 100 smaf},
family-owned seed companies as well as extremely large companies such as
Pioneer and De Ka?b;h How do the activities of these companies relate f§ B X
periment station research? This, in part, depends on the size of the seed
company. The smaller companies, in that they do not try to develop new hybrid
lines, generally do not engage- in plant-breeding research. Essentially, the
smaller companies sell hybrids developed by the public sector. The large com-
panies also do plant-breeding research and thus sell hybrids that they de-
velop. It-i&~hyp@theﬁiaéd‘iﬁat this research is tied in closely with‘the
investments undertaken by the public sector. - o

The above observations can be supported by reference to the G;éeﬁnéevoﬁum
tion. Its success, to a Targe extént, depended not only on deve1o§ment of
high-yielding crop varieties but also on irrigéticm and fertilizer which had
to be provided. Here the spillover effects to the private sectof:of public
research were clear. The demands for fertilizer, irrigation equipment, etc.,
substantially increased as a result of the introduction of new plant varie-

ties; but whal were their rates of return from public investment in research?



In the release of technology from public institutions, the issue of patent
laws becomes crucial. Can hybrids be patented by the public sector If they
can (enfargea&ly be patented), at what price should they be released to the
private sectar? It is of little use for the public sector to develop new
hybrids and the ]igg”and never have them.used by producers. Yet, in most
caées, becaﬁse of the competitive nature of producers and hence their in-
ability as a group to degl directly with pﬁblic institutiors, input suppliers
provide the Tink between public institutions and producers in the diffusion of
techno]ogy.

was type of patent system affects the structure of the input supply in-
dustry in the following way. If the public institutions canngt patent innove-
tions, tﬁe? are available to large and small input suppiiers alike. Because
of the difficulty of patenting hybrids by public institutions, small seed
companies have been able te exist aleng with the very large firms. If the
University could patent hybrids, there would be a bidding pracess by the
prauate sector for the r%ghts iQ Ase the new product.. This wduld probably
result 1n a few large firms outbiddang the small ones; hence, the sded in-

uairy, for example, waﬁ?d ‘become highly concentrated. In addition, the seed
companies themse?ves would do plant-genetic resedrch, as Pioneer currently
do&s;wéat to a greater extent if the renls frem their new technologies can be
cagt&red and if the industry is noncompetitive. The ability to patent would
he an»ad&itiona} factor that might cause the concentrafion in the seed supply
indﬁstry to increase.

It iS possivle not only to conceptualize a model where the private rate of
:return f%om joint private and public research is computed but also to examine

the effect of private, public, and joint research on the structure of the
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producing sector itself. Why did the poultry industry become so concen-
trated? Was it because most of the research was done by the private sector so
it could capture the rents and in the process become more concentrated? One
justification for public research is that it should provide benefits to all
producers. Public research could be structured to promete competition.
Private research may lessen it. In the grape industry, for example, which is
highly concentated at least in terms of wine making of low- and medium-grade
wines, the industry does not seem to be a Jarge supporter of public research
in the development of new varieties. Large firms may develop their own
varieties for the express purpose of achieving a competitive edge. It appears
that ‘the -extent to which research is done publicly, privately, and jointly

“significantly affects the structure of the producing sector.
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3. Ex Post Evaluations and the Rate of Return

As the fine survey studies of Schuh and Tollini and of Nerton and Davis
point out, most ex post evajuations of .agricultural research can be classified
either as those that utilize concepts of producer's and consumer’s surplus or
those that employ production function estimates with research as an input
variable (here the concern:is with estimating a marginal rate of return to
research). For each of these two groups of studies, the v?tiéate purpose s

to compute a commodity-specific rate of return or an aggregate rate of
1

return. Much of the concern of such measurements relates to the effect of

technological change in terms of divergent (pivotal), d1vergent {propor-
tional}, convergent or parallel shifts-in production and/or suppIy fuﬂCtTQnS
{Scobie), This research is perhaps most strongly supported by Ruttan who has
argued (p. 6):

*A number of studies are now available within both traditions that
estimate rate of return to national research systems rather than to in-
dividual commodities. There is also a tendency, since the important study
by Schmitz and Seckler {1970) of tomato harvesting in California, to con-
sider the distrfbutional imptications of a§r1531tura] resparch, A review
of the bady of Jiteratire summarized ip Table 1 fmpresses one with the
increasing degree of sophistication that authors of more ?ecent studies
have displayed in responding to the limitations of garlier studies. The
effect of more. careful mode} specification, more comp1ate meagsurement of
cost, greater caution in estimating benefits has, in my judgement, Ted to
resu!ts that tend to under rather than overestimate return to agricultural
research.”

Ithere are other major studies which do not fall into one of these two
general categories. One group has been characterized by Norton and Davis as
the “"change in national income approach.” An example of this type of analysis
1% provided in Tweeten and Hines. 5ti11 another group of studies has been
characterized by Norton and Davis as nutritional impact investigations, and
here the example freguently cited is Pinstrup-Andersen, Londono, and Hoover.
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Is the above view justified? In other words, are such rate-of-return
measures robust? In addition, can such measures be employed to determine the
appropriate level of public investment during the core-basic, semibasic, or
app?ied stages of agricultural research? Partial answers 1o these quesiions
are provided by problems which arise in appropriate measurement of research
and development costs and knowledge output which have been adecuately surveyed
by Schuh aﬂa Tol1ini and thus will not concern us here. There are a number of
other impo}tant concerns which raise serious doubts about the effective use of
such rate-of-return measures. These concerns also provide the basis for de-
signing operationai'ei ante frameworks for evaluating public invesiment during
the various stages of agricultural research.

The first important issué relates to the distinguished stages of research
and development. For illustrative purposes, consider the case of hybrid
corn. How much of core-basic research costs should be attributed to the cost
of developing hybrid corn? Were such costs considered by Griliches in his
ex post evaluation of hybrid corn? No. For another example, should the
amount of basic-core research cost in mechanics be attributed to. the tomata
harvester? While it is clear that the discovery of hybrid corn and the de-
velopment of the tomato haévestér?have b@ngféted*frem~c@%e andésewibasic.rem
search activities, the exact contribution is indeed difficult to measure.
Moreover, how should the costs associated with unsuccessful semibasic and ap-
plied research that are pursued in conjunction with successful efforts he
properly accounted?

Actual research and deveﬁopment activities take;piaﬁe in a pqg;fo]éo con-
text with many lines o% activities pursued. Such a portfolio approach in-

voives an explicit recognition not only of expected returns but also the
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variability of such returns, 1In an ex post context, glaring examples of suc-
cessful research and development of the public sector are only a portion of
the total story. There are also unsuccessful efforts whgge&variabiTity may,
‘the successful effort.. ﬁuﬁh,qppswdﬁngtagmsrgye»szmp?y_gpttrgf]gtted by cur-
vently available ex post evaluatijons. .In.-fact, none of the studies surveyed

in Ruttan, Schuh and Tollini, Scobie, or Norton and Dav1s repﬁrt re}1ab111ty
1

What this means is that the 1nfermat10n that has been genarated frcm €x post
evaTuations s of 1ittle.real .value to public dec151oﬁ~makers in thair pert—
folio ch$1ce5. Even though analytica? meaaures of reliability stat%stlcs
canaot he- der1ved numerical measures 56ﬁ1d be used to aﬁmpute approxamate
standard-errorsy” Since-available-empirical evidence strongly suggests that
there is-risk aversiom.on the.part of public reseagghEdecisionfmakars,,what
does a commodity-specific rate of return of 120 percent mean when unsuccessful
‘research-and development activities are. not chsjdered,ang thehstandard error

”é&SOCiakédfw?tﬁ%this hﬁghrmean;nate'of,peturgyis;ﬁhfee;tc fggr}ﬁimgs‘as

Anether 1mp@rtant set of xssues re!ates ta thﬁ generai equliwbr1um effects
of public research in agricu?ture (Justq-qum:tz,»gnd»;11§grma¢}. Consider

‘oaceagain tﬁe.caseaofghyhrid'aﬁrn. The discovery of hybrid corn affected

. lTh?s is not entirely surprising since, ana!ytwaa%iy, 1t is not puossible
o compute in ¢lose Form the reliability: statistics. for such measures due to
,the nUﬂi?nearﬁtleS of thﬁ éggregate rates 0f return.

. 2Ruttan has emgloyad the portfa]wo ana?ys*s view tG 1nterpret publnc in-
vestwents by state experiment stations in agricultural research.
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directly the output market for corn, but it also had a significant impact on
the markets of a number of other goods. Moreover, it had some effect on such
input markets as fertilizer, labor, and machinery which benefited some groups
and imposed costs on others. In addition, given the intermediate nature of
the corn product, this deve1opment influenced the U. S. livestock §ector.
What effect did the devefcpment of hybrid corn have on the aT?ocatfoﬁ of beef
cattle between range land and feedlots? Did the development ofchybrid corn
have & $%gpificant effect on labor migration from the agricultural production
sector to»grban areas; and, if so, wﬁgt were the benefits apd costs of such
migration? Such general equi]ibriuﬁ effects have important implications for
the distribution of benefits and costs of successful research effofﬁé, both
across and w};ﬁjn groups of the food and agrzcuitura1 secter. Ex_ ??%t evalua-
tions have concentrated only on an aggregate rate of return. Imp]1c1tix, at
best, such measures weight each of the affected groups egqually. 1Is this the
correct normative weighting? Or would it be more useful for reseafﬁﬁgrs to
report the effects of alternative weightings across performance measures as-
sociated with,each group in its desire to collapse a vector eva?uatign problem
to a scaler? | . |

Assacwated w1th the genera1 equ1]1br}um eff&tts and questx@ns Qf equity is
the 1ssue of the tfme per1@d for eva]uat1ng the pntent1;5.benef1ts from public
research and development. Here a useful illustrative example is the case of
€£01omhian rice research. This research resulted in highqfieldevarieties
suitable for irrigated}rice farms. The initial effect of this research
(Sccbie and Posada) was to benefit low-income consumers through pr%ﬁe

reéuctzans, while rice producers {except some early adugters) ?ﬂcurr&d

substantial losses. Scobie noted a second-round effect which was a
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substantial gain to industrial producers due to the reduced wage good price.
With the passage of time, continuing research results reduced cost even
further; and according to Scobie the beneficiaries were the rice producers
since”the newer techniques resulted in theeegﬁertzéf rice. Heﬁge,wé%iy by a
judicious selection of the time horizon for the evaluation of public research
and deve1opment is it possible to ca#ture the dynam{c path resulting from both
the direct and indirect effects of such research. In the case of Colombian
rice research, this may involve the effect of cheap food on iﬁvestmeﬁt in the
industrial sector, general economic growth, improved employment, and the

tike.

Related to the above i;saes is tracing the long-run effects of certain
research discoveries that ére most certainly not capt&réd by curreﬁt mérket
evatuations often used in ex(pﬂst evaluations. Some technological develop-
ments are sufficiently important to alter drastically the structure and nature
of the economy. The measurement of the effects associated with these tech-
no1og1ns us1ng standard econom1c analysis can be seriocusly quest1oned The
effects of such tachnelogzca? devei@pments influence drastlcaBXy the set of
relative prices, and thus we myst deg?gn scenerio stud%és to eyaluate what
wou]d have ﬁappen@é w1thﬁut the 3ntr@du¢t10n of such techngiogiuai change. To
111ustra+e these 135&&5, suppose $iX years ago an effectlve suhstztute for oil
had heen captured. The ex post evaluation of this hypothet%cal discovery
woa?d have no doubt underestimated its social value. This is largely because
it would have been indeed difficult, if not impossibié, to conceive‘éf the
dynam}c path that has occurred without the development of such techﬁeﬁagy

ﬁnether issue neg]ected by the current1y available rate«0f¢return studies

is the question of market structure, conduct, and performance. Specifically,
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a1l of the available ex post evaluations presume competitive markets in the
private sector. There is a fair amount of empirical evidence for a number of
components of the food and agricuftura? sector which strongly suggests that
the imperfect or nanﬂompetitfve paradigm more closely approximates the be-
havior of such markets. More iééortant]y, the introduction of technological
cﬁangé c@minggfrcm the private sector,‘éﬁd in some éhétances from the public
sector, may induce such noncompetitive market behavior. -

Another set of issues relates to the links between one research”and de-
velopment activity and another as well as the learning that occurs within each
type of activity. In considering the ultimate effect of a research and de-
velopment project, we must take into account the links betiween one research
discovery and another. The entire process can be viewed in terms of Tinks of
a continuous chain., Certainly, some projects have more potential for further
growth than others. This is particularly the case once we recognize the pos-—
sibility of integrating the technological process with learning by doing. In
other words, to account for the potential benefits of one possible research
and development activity, we should take into account its associated learning
by doing potential. For example, consider the introduction of h@tﬁbuses where
ntensive agriculture can be employed under controlled weather conditions.
The introduction of this technology resulted in a host of comp?eméntary re-
search and development activities that tended to intensify the utiltization of
available space and led to such promising techniques as hydrophonics. To be
sure, these new developments are in their early stages, but their potential
for further growth through learning by doing is obvious.

To summarize the above discussion, the obvious conclusion is that we as

researchers should begin to move away from ex post evaluations which are based
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entirely upon rate-of-return measures. Continued pursuit of such measures
raeveals a lack of creativity. Our focus should begin to concentrate on gues-
tions c? appropriate vector evaluations of public research and development,
soncenﬁré%;hgfén such isgﬁes aé‘thé aéprépriaté Qeights ref&ecting equity and
d%gtribut%ona] concerns, the aimensgohéiity of such vectors, and a host of
conce%ns related to the prope; measuré%enﬁ Q? shédmw vélues./iiﬁxihé next sec—

tion we shall turn to these important iséues.
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4, Framework for Ex Ante Evaluations of Public Research

To motivate a new framework for the ex ante evaluation of public research

and agricu]ture, cans&der the Green Revo]ut:on which was expressXy concerned
with the development of seed var1etaes for the express purpese of 1ncrea51ng
product;on. This research was carraed out 1arge?y by publxc 1nst1tut10n5.
Ava11able ev1dence supports the view that modern var%etaas genera?1y require
more water and fﬁrtxilzer than tradwtxanal varzeties. Consumers, as well as
input supp11er§, can be expected to bene¥1t from the sucﬁessfu? campietion of
sUch regearch. In the case of producers, ihey may be bettér, the saﬁé, or
worse off. Thus, can producers be e&pected to contr?bute to such ﬁybes of
research? However sznce ferthlzer cempan1es gain, should they centr1bute
funds for research of hybrids that are undertaaeﬁ in the public seatar% (if
not, they become essentially "free riders.” |

The above highly simplified exaﬁp1e is suggestive of a framework that is

needed to determiﬂe the level of public support fdr agricu@%uré? research. 1o
operatlmnaiqze thws framework we must have 1n mznd a spEC1f1c group ef
dec7s1@ﬁ—maxers in the pub11c sectar. Th15 group of dec1519n~makars,mxght be
singly the commTttee formed to recnmmend d1rect1ans for agrwcu!tural research
and sugﬁort levels, Such a group Was establ:shed by tbe 1977 Fooé and Agr;—
cultural Act in the form of the Joint Council on Food anﬂ'Agricu¥tarai Sci-
ences. From another vantage point, this Act also led to the formation of the
National Agriculture Research and Extension Users Advisory Board. Another
organizaticn, for(yhich thjg framew;rk would brove useful, is IR-A, a national
nand regiona1 research plaﬁﬁ%ng body which coordinates, analyzes, and evaluates

the performance of individual state agr1cu1tural exper1ment stations. .Sti]i

another group is the Exger}ment Stat1on Committee on Pﬁlxcy {ESCOP). Other
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decision-makers for which this framework might prove valuable include re-
gional, state, and land-grant university experiment station directors. These
are the types of policy recommending or decision-making bodies we have in mind
in the deyelepment of this framework.

The framework involves four evaluative stages. Briefly, in the first
stage, a qﬁa%itative screening is performed to determine whether a particular
research proposal should be conducted entirely in the public §ecf0r or by the
private secfor. The chief factors to be considered in this‘qua1itat§ve
screening are those ident%f%ed in Section 2. They include pate%tébi?ity, en-
forceability, potential economic life, technological versus pecuniary effects,
ability to imitate, and the current structure of the industry or industries
which wili be affected by such research developments. The second evaluation
stege is quantitative in nature and involives the use of multiattribute utility
analysis (Keeney and Raiffa} to determine the appropriate vector evaluations
of those research areas that should be pursued by the public sector. In this
stage, the dimensionality of this vector, as well as the appropriate set of
‘ggighis refiect%ng.QQﬁjfy)éﬁﬁ ﬁistriéutiamai concerns across ﬁémébnents of
_that vector, is determined.  The outcome is an initial "incidence of burden®
vector across various groubs in the private sector as well as various pubTic
agencies that can be expected to support the public research proposal. In the
third stage, the implied willingness to pay of various groups that are posi-
tively affected by such public research is compared to revea1edjwéllingness to
pay. This third stage involves a set of operational rules for the provision
of public goods and the determination of “supporf%ng coalitions® for public
research. Presuming that a supporting coalition is found, the fourth evalua-

tion stage is concerned with the 2llocation of the available research budget
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across individual research teams and across time. This fourth stage offers
the advantage of recognizing the experimental and learning roles that must
take place in any research process.

The various stages of the overall ex. ante evaluation are represented in
Figure 3. The initial step in the project evaluation procedure is the intro-
duction of research proposals. PfOPGSQ?S(Caﬂ be introduced by anyone who re-
quests public support. As usual, the proposal should include, at & minimum, a
specification of a research "pr{)g-ess:i‘g and th@.f%zndiﬁg’]é#e?}”

The first decision to bé m@devés whether the "public sector® should par-
ticipate in the project. To answér this question, one has to determine
whether there are incentives for this project to be undertaken by the private
sector--more specifically, whether (1) the potential outcomes of tﬁé“§§§gesied
proéect are patentable; {2) the patent is enforceable; (3) the outcomes have
short eccnomic life; (4) they are not easily imitated; and (5) the pecuniary
effects of introducing them are desirable to the innovator. If the answer to
all these questions is positive, the public decision-making body has to con-
sider whether the undertaking of SUC“-?;Pfﬁﬁ¢ti by the private sector may have
Qndesirabae effects on tﬁé,&truatﬁfengftha relevant industries. If that is
not the case, the f?fﬁte@iﬁ@ﬁ?ﬁﬁ&iit@t&?éusﬁreeﬁiﬁgvevaiaaxipn of the project
terminates here, and its suppﬁht-%%”?eft to the private séétnr,

It should be noted that public research is ﬁ@t advacateg$in every instance
in which private research may result in increased concentration, In some
situations the nature of the new technology, particularly its return to scale
prapertie;}»a10ng with the nature of the relevant cutput markets (degree of
demand eiﬁsticity)”mayfgive(fise to larger plants and a reduced number of
producers. Under these circq@stances, undertaking such research in the public

sector and vuitimately releasing the successful completion of such research to
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the private sector will not effectively alter the tendency toward such con-
centration. This, of course, suggests that such research need not be under-
taken by the public sector. Thus, under the noncompetitive criterion, only if
specific circumstances strongly suggest that public research can actuaily im-
prove the industry structure should it be pursued.

In cases where pub1%c‘participatioa is desirable, an incidence of burden
among potential beneficiaries must be determined. The benefic%ériég'that
should support the project may iéc]ude individuals or groups in the private
sector»ﬁcorpqrations, farmers' organizations, eic.) as well as agencieg of
state énﬁ Tocal governments. To determine the initial incidence of burden,
the potential benefits for every group must be estimated, and a set of’weights
associated with the welfare of each group must be derived. %hesg weights can
be captured using multiattribute utility analysis teéhniques introducéﬁ by
Keeney and Raiffa. In their prescriptive paradigm, the central aspects of
choosing policies when faced with multiple objectives are how to define-an
appropriate measure of each objective and how to resolve conflicts among ob-
jectives. They enforce comparability ameng alternative objectives in terms of
a cardinal measure of their contribution to utility. The resulting scalar
measure has been defined as a mu]tiéﬁtribute utility function. Construction
of such functions involves (1) structuring the objectives; {2} defining per-
formance measures or attributes for each objective; {3) assessing univariate
utility functions over each attribute; (4) determining the independence rela-
tionships among various attributes, i.e., preferential, utility, or additive
independence; (5) specifying the functional form of the multiattribute utility

functicon; and (6) measuring the scaling constants or weights associated with
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various attributes. Additive independence results in an additive multiattri-
| bute utility function, while préferemtia] independence and utility independ-
ence result in a multiplicative multiattribute utility function. The critical
pr@bleﬁs in the apé]iééfféﬁ of this:pféscfiﬁtéveiapbroatgjre%o]vé'aFéﬁ%Q Lo
sistent assesswent of the univarﬁate ut111ty fuﬂﬁtwmns and the determination
of the zﬂdepondence re1at1onsh1ps among attr1butes. ﬁoﬁszderab¥e progress has
been made en bﬁth these frents, and, as tho work of Keeney and Raiffa c?ear?y
ﬁ@manstrates, the approach is 0perat1ona] "

At th1s 3unctura, we are faced w1th provxszﬁns of a public goad problem.

The multwattr1bute ut111ty anprcach, a%eng wwth ‘some sound economic ana]ygzs,
can be ua@d to capturp the benefut for group i (B ) and the initial

¥nc1dﬁnce of burder can be determ1ned frﬁﬂ

{1} | Max EU (B; ~ €1, By - €py wvny B =)
subject to
- : noo
{2} I Ci= C
- =l
3 ; EU; (8y) > Usley) for all i = I, n

where ¢ is the tbtaT:Coﬁt of the project, c; denotes the cost burden to

group i,CU(-} represents the assessed multiattribute wtility funciion, Qi(-)
réﬁ?es&hts the (perceivédj univariate utility function, and E is the expecta-
ff%chhéberatﬁoﬁ. When research ddministrators and al) grobps are risk neutral,
{3) is nonbinding, and U(+) is additive and linear, then the incidence of

kurden becomes
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(4) €. = —t 1 ¢

where A  is the reciprocal of the weight assigned to group i ahd‘ﬁg is the
mean of B.. Neg}ectiné transaction cogts, once a set ofiéi‘é’isy

determined, the public research agéncy will ask eacgigroup, buhiic or private,
to pay their respective c; shares in financing the prﬂjetf; ?If all groups
support these reguests, the project proposa1‘fs funded, and we proceed to the
fourth stagei) I% the funds for the-project canaot'Se raigéézin aéﬁﬂﬁdénce
with the inifja] incidence 6f burden, onéjpossib?e approach {s for the pub1ic
agency to rev?ségtﬁe=incidehée of burden QsTng-& reyeé%éé‘wilfidgngssfiéﬂpay
mechanism; némgly, the agency wiii allow groups thét are in%éfééfe&x%ﬁ-fhe
project to assume any additional burden they might wish to cover the deficit
caused by lack of response from other groups. The prsjéct'kﬁii‘then éraceed
if this second attempt results in the necessary funds; otﬁerwise, the project
will be discarded. It has been fowma]iy proved that th15 project se¥ectzon
procedure has some very éesxrab?e prepert1es, namaiy, the se?eﬁt@é pr@gect
ﬁeets beth the Ka1d9r~ﬁ1cks we1fare crxterma and the w11]1nﬁne$s-ta-pay
welfare cr1ter1a.h These results have been farnaliy proved by Dorfman.

Given the third-stage results in a reﬁearch project budget, E, the fourth
stage procgeds bg addressing a decision problem that is indeed similar to a
number of ex énte eva]uatioﬁ models, prﬁncipa1ij¢the Atkénson and Bobis model
surveyed by Schuh and Tollini. In this fourth evaluaiion framework, there are
large numbers of possible research teams {individual expﬁr%ment'sﬁatiéng} that

could ‘be supported. Each research team is preguﬁéd to have given endowments
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of manpower and eguipment. There is an underlying probability distribution of
success which is fixed but unknown. This probability refers to the success of
a specific team and not to the success of -the entire project. The success of
the project, of course, is achieved when at least one team is successful.
Given a p@i@rvprcbabi¥ity of success, a specified planning horizon, and a spe-
cific criterion or réward f&gétion (based on thetmeasuremaﬂfs in the second
gva!uatiaa ﬁtagg)z an adaptive control poftfo1io formulation is employed to
determing theVﬁptfmai number of teams along ﬁith their associaﬁéﬁ budget al-
}Qcat1ons durlng each pef3§§uof the p¥anﬁ1ng horizon. This framework attempts
to diversify across various teams in order to minimize a length of time taken
to arrive at a successful outcome. The approach has been developed in a
rece#t(%érk?né paﬁer by Rausser, ?assour, and Zilberman. This work is an
extensicn of the excellent Weltzman ireatment of the optimal search for the
gest alternative.
| To make the impliementation of the above framework more concreie, we
briefly conswder here the case cf the tomato harvester in teahao?ogicaT de-
‘v°1opment in Ca%afarn}a, As noted in a br1ef description of historical evants
in Tabie 24 5@r1ous research begaﬁ on the develepment of the tnmatc harvester
in ;ﬁgmegr1y‘;9405, &vaﬁ though machines existed ta h&rvest other crsps, such
=as_,sma],] grains, potatqes, sugé;”beets, an& cotton, tomatoes were too easily
bruised by hachanécai devises and, in addition,'ripenéd at various times;
thus, a concurrent program for biological redesign bf tomatoes was

necessary.

1The harvester under evaluation was developed to pick cannt_g_tematees
The harvester techno]ogy was feasible due to the short time elapsing. between
harvest and processing. In recent years a machine has been developed to har-
vest tomatoes for the fresh market, but this new phenomenon is not examined
here,
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The need for complementary search of both a biological and a chemical na-
ture in the case of tomatoss made necessary the effective coordination of such
research. This coordinating role was assumed by the California Experiment
Station. As the Dirggtﬁr of the University of California Experiment Station

remarked in 1965:

"de must recognize that machines will never be completely developed to
work under the cultural practices now followed, or with the varieties of
fruits and vegetables as we now know them.

"This is the great advantage the University has: engineers have the
ppportunity to work in cogperation with biologists such as plant breeders,
pathologists, biochemists, jrrigationists, and soil scientists to create a
harvesting machine and with it a harvestable crop® [C. F. Kelly, quoted in
the California Tomato Grower, Vol. 8, No. 10 (1965}, p. 117.

As Table 2 suggests and the above observation reveals, the University of
California aver a period of more than 20 years, through a combination of’enw
gineering and horticultural research, was able to develop jointly both the
machine harvester and the tomato plant to make this machine feasible. A few
years after the harvesting of tomatoes had been fully mechanized and as the
unionization of farm workers created upward pressures on wages, new techno-
logical iﬂngvgtions were introduced to sort tomatoes electronically in éﬁa
field, f&?ther reﬁacing labor needs, changing the pature of the labor ﬁrocegs,
and fomnnt1ng greater econ@mles of scale, |

Blessed with the hﬁnds1ght of Table 2, the impiementation of the framework
diagrammed in-Figure 3 can now be examined. In the first stage, the research
proposal suggested by A. M. Jongeneel to Professor Hanna would certainly pass
the set of criteria outlined for the first stage of the evaluative framework.
Disregarding aomp]ementarity between the biological research and the develop-
ment of the tomato harvester dtself, the research begun by Professor (oby

Lorensen wou 1d “hot be 3ust1f1ed in accordance with the same list of criteria.
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TABLE 2

Historical Events in the Development of the Tomato Harvester

Period

World War 11
1041-42

1942

1943

Late 1940s

1949

1951-52

1956

1958

Historical Event

l.abor shortage creates impetus for
tomato havester.

Conveyer machine develepéd in
Pennsylvania. (

A. M. Jongennel, a California tomato
grower, suggests to G. C. Hamna that
the university develop a tomato plant
that could be harvested by machine
{Rasmussen, p. 534). -

Professor Hanna at the University of
{alifornia begins research for tomato
plants with desirable’ properties. *It
was also reported in 1943 that a
blacksmith in Holt, California, was
building a tomato picker for a'canning
firm in Stockten" (Rasmussen,

pp. 533 and 534},

Pear-shaped tomato piant which ripens
at same point in time and is adaptabie
to machine harvest is released.

P?ofessor Coby Lorensen beg1ns work on
the tomato harvester at the University
of 6&11farn3a Davis.

Tomato grewers in Ca?1f0rn1a experiment
with conveyer systems.

California Tomato Growers Association
grants funds to the University of
talifornia for work on the tomato
harvester. ' ’

Michigan State University ieam
constrycts a tomato harvesier;
University of Florida team develops
conveyer belt machine; and Food
Machinery Corporation and ‘H. D. Hume
Company fund work on a tomato harvester
at Purdue University. '



1959

1960

1961

1964
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University of California successfully
compietes the development of ths tomato
harvester. "The University of Cali-
fornia then patented the machine and
1icensed the Blackwelder Manufacturing
Company to undertake its commercial
manufacture” (Rasmussen, p. 536). The
Blackwelder Manufacturing Company had
been working closely with the Univer-
sity in the development of the tomato
harvester.

The California Tomato Growers
Association attempts to assume the role
of a bargaining cooperative, but
canners are able to effectively divide
growers; and two years later the
Association returns to its previous
role of providing services and -
information to member growers.

Blackwelder builds 15 harvesters.

Five types of machines are tested, and
1,200 tons of pear-shaped tomatoes are
harvested by machine. "On September 1,
1960, 2,000 tomato growers, processors,
bankers, etc., gathered at the Heringer
ranch south of (Courtland to witness a
demonstration of the University of
California Blackwelder machine™
[California Tomato Grower, Vol. 8,

No. 9 {October, 19557, p. 5].

Mechanical tomato harvester first used
commerﬁzalfy. There are 25 ﬁnayers;ty
grawers hands, .5 percent‘d%“the Cali-
fornia processing tomatoes are har-
vested mechanically, and ) other firms

Mach1nery Corporations,
Professer Hanna releases the F-145

tomatoes at the University of Cali-

fornia. A strain selected from this
variety is basic to the mechanization
of tomatoes in California.

Public Law 78 {bracerg program)
is terminated. -



1965

1867

1970

1974

1975

1976
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Tomato growers in California obtain
special dispensation to import Mexican
workers for the harvest. The first
major action of the National Farm
Workers Association, later to become
the United Farm Horkers, assumes the
form of a grape strike in Delano.

Federal minimum wage legislation
extended to agricultural workers.

Adoption of mechanical tomato harvester
completed in California. Attempt by
California Tomato Growers Association
to implement a government marketing
order to control the supply of process-
ing tomatoes fails.

California Tomato Growers Association

is recognized by processors as grower

bargaining association for negotiating
forward pricing contracts.

California law (Agricuitural Labor
Relations Act) grants agricultural em-
pToyees the right to form unions and
bargain collectively. Electronic
sorter {(which reduces the necessary
labor on the harvester from about 15
to 5) used commercially in tomato har-
vest (on 30 machines}).

California law insuring unemployment
benefits for agricultural workers.
United Farm Workers attempt to organize
Jabor in the harvesting of tomatoes.
Mass adoption of electronic sorter
eliminates approximately 5,000 warkers

Source: Adapted from Alain de Janvry, E. Phillip LeVeen, and David Runsten,
"Mechanization in Califormia Agriculture: The Case of Canning Tomatoes.™
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The development of such technology is certainly patentable, and the patents
are enforceable. However, due to the complementary nature of this research,
the corresponding biological research which is justified in the public domain
and observations on the noncompetitive structure of the California tomato in-
dustry, a case can be made for the research on the mechanical development of
the harvester to take place in the public sector.i'"To be sure, at a
m1n1mum, research on the mechanzca] harvester could be accomplished by the
University on a contract basis and still be effectively coordinated with the
needed b}ojogwca] activities by the research administration of the experiment
station. | N

The second stage of the evaluative framework, the required multiattribute
uti?ity'§néiysis, makes it necessary to identify all potential gaiﬂe%ﬁ and
losers from the development of the complementary biological and mechanical
research. This involved identifying all groéps potentially affected by such
research by defining quantitative (performance] measures which correspond to
objectives in the myltiattribute utility analysis. This requires the develop-
ment of perTgrmance measures for the major input suppliers (a handful of
(banks, seed, mathxnery, anﬁ chamaca1 campanles}, procesgars of which ‘there are
approx1mate1y 29 w1th the 1argest being Hant—wasson several grower Coopera-
tives; 1arger 1andowner5 w1th Eand qua]1tfes suitable for growing tomatoes
(these owners would certa:n?y benefit from improved rental prices and their
comparative low ffansaction costs in rental markéis); the Tomato Growers As—

sociation; displaced domestic labor; and possibly other states which grow

1For qua?wtatzve arguments Quppert1ng the view that the California tomato
3ndustry is foncompetitive; see de Janvry, LeVeen, and Runsten. For an eco-
nométric analysis of the noncompetitive structure of ‘this tndustry, see Chearn
and Just.
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tomatoes. The potential benefits to the last group are highly questionable
dus, first, 1o the size of farms in states which grew tomatoes in the early
1940s and, second, to the fact that weather conditions in thesé states are far
more variabie than California; thus, the Qﬁﬁ?érm ripenénéﬂﬁéat is ¢rucial for
mechanical harvests becomes a less ]ikély outcome. .It should have been pos-
sible to draw this inference in the early 1940s, but some degree of uncer-
tainty would have been reflected in tﬁe'mu]tiattribute utﬁTétQ analysis.l
In the case of the labor component, two guantitative performéncg measures
could be justified. The first would récognﬁze the unemployment or
displacement effect, and the second would recognize the skill or substitution
effect. These two effects both occurred initially as a fesu!t of the adoption
of the tomateo harvester and later as a result of the adeﬁtfon o% the elec-
tromic sorter. For the remaining groups, & number of dezﬂmpééitiens in ac-
cordance with wealth and endowments could have been easily justified.

Given the above admittedly vague description of structuring the perform-
ance measures, the mu1t1attr1bute ut111ty analysis wau]d proceed by identify-

ing a pub11c dec1svﬁn—mak1ng bedy For thzs body, the uﬁwvar1ate ut121ty

the nature of 1ndepeﬂdence among the various quantttatxve measures caqu be
determined. Specification of a functional form and dEF?V&tTOﬂ of the "scaling

constants” would allow preference weights, Ay to be Eombuteé.

1Hxstar;ca1 evidence has corroborated the importance of these few reasons
in the form of a shift in productien from other states ‘to California as a re-
sutl of Ca¥1farnza 5 adapt!an of the mechanical tomato harvester. In other
states, the incentives to ‘adopt the mechanical tomate harvester were severely
tempered. .
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The third stage of the evaluative framework, the incidence of burden among
the various beneficiary grouns and the compensation of displaced labor, is
determined. To compute this burden, all we reguire is the measure, Ay the
gquantitative performance measure, Bi; and the total proposed cost of the
comp tementary research on development of both an appropriate tomato piant and
the mechanical harvester. To be sure, this is no simple matter.

Nevertheless, it is gperationally feasible; and the transaction cost of imple-~
menting this third stage in case of all beneficiary groups by the coordinator,
the University of California, could be easily incorporated into the total cost
of the research projéct C. To compensate all future potential labor would, of
course, be prohibitive. Various means, however, could have been deve]oped to
place such compensating amounts in a public fund far faeiiitating)thg social
transformation of the current generation of tomato harvest workers to other
gainful employment., Such funds might be allocated for the purpose of tampor-
ary welfare, retraining, -and the general augmentation of hﬁman capital.

The evaluative framework envisaged here most certainly b}aces greater de-
mands upon the University in its coordinating roigf Nevertheless,. it is our
view that the benefits of implementing the eva?matéQg-fram&;ark far outweigh
its cost from a social perspective. It_is_;ettain}y su?ériorrtOﬂimpesing<upan
the private sector a nonzerc sum game recently advocated hy Secretary of Agri-
culture Bob Bergiand. Moreover, it is superior to allowing the University to
pursue the coordinating role it actually undertook for the California tomato
industry with only small, marginal research funding contributions from the
principal bepeficiary groups. A nonzero sum game resulted in which the dis-
tribution of benefits accrued to a few se%ec? groups, with some rather sub-

stential costs imposed on the Tess favored.



40,

The implementation of the fourth stage of the evaluative framework with
the i]lustréfive example under corsideration brings no surprises. This stage
is largely technical and, in the context of the complementary biological and
mechanical research, would have reguired the evaluation of one or more re-
search teams for both desirable tomato plants and the tomato harvester.
0f course, it would also have involved recognizing timing and sequential
develapmen;(ofﬂthe biological research vis-a-vis the mechanical resegfch.
Ccnceptua1§§;n$0th-time and cost could have been saved as a result of imple-
mgnting thi§ fourth evaluative stage.

This illustrative ékample, étong with our observatiens in Section 3, has
some rather direct implications for future ex post evaluations of public re-
search in agriculture. That 18; instead of pursuing aggregate rate~of-return
measurésg agricultural economists should seriously consider pursuing the four
stages cutlined here for ex ante evaluations. In the context of the Cali-
fornia tomato harvester, this would necessitate pursuing the quantifications
required by the muitiattribute utility analysis on a historical basis. Vari-
ous ﬁypatheiicai_undvariate utility functions, independence relationships, and
preference wéigﬁis céuid be investigated. This would allow ys to capture the
robustness of alternative multivariate wtility fusctions ov the-derivation of
the igcidencé of burden vectors. It would be interesting to gquantify the
transéction cdsts associated with jmplementing the third stage in an ex post
setting. We are in tﬁe process of beginning this research agenda for the case
of the Cé]ifornia tomato harvester.

Tne above framework can adequately deal with one of the dominant explana-
tions for underinvestment in égr%cu}turai research. This explanation relates

to geographical spillovers resulting from research undertaken by a. particular,
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spacially defined institution (Latimer and Paarlberg; Schultz}. This view
argues that positive external effects of research accrue partially to other
states and nations; such benefits are only partially captured by the institu-
tion that incurs the research cost.- Schultz has referred to this phenomenon
as the "obsolete organization of public finance" in the Uniteé‘States. In the
case of experiment stations, state funds cover the bulk of agricultural re-
search cost, while returns accrue to other states. Boyce and Evenson use this
observation to explain why developed countries have found the expéﬂﬁioﬂ of
their extension systems more attractive than investing in agricu?tara1¢f8~
search., This has motivated Evenson and Binswanger to recommend international
cooperation in agricuitural research in order to provide the appropriate in-
centives and signals-for a more nearly optimal level of pub%ic.investment.
These issues are dealt with in the above framework by the secsﬁd and th%%d
stages of evaluation. In the second stage the benefits accruing to other
states or, in a natijonal context, to other countries are dete;mined along with
associated preference weights for these benefits. This allows the computation
of the incidence of burden, and the third stage proceeds to determine whather
an effective supporting coalition among countries or states can be isolated.
In the context of various stages of research, the suégeste@(f;amewerk is
certainly applicable to the evaluation of applied research. Siace the semi-
basic research stage is also targeted toward potential app?ied areas, the
proposed framework also seems appropriate in this instance. However, it
should be obvious that a fair degree of insight and wisdom wéuld be reguired
in implementing the proposed framework for evaluation of semibasic research.
In the case of core-basic research, the four-stage evaluative framework

would be difficull, if not impossible, to implement. Here the ohservation of
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Schuh and Tollini that "an overemphasis on evaluating research and assessing
and monitoring research can stifle activity and destroy research entrepreneur-
ship® is particularly applicable. At best, whalt can be suggested for evalua-
tion of core-basic research is a framework based on Simon's potion of bounded
rationality. In this'setﬁiﬁg, botinded ratitnality might assume. the form of
satisficing goals measuréd in terms of what & society weights favorably.
National ié#iementatiaﬂ of this framework might be represented .in terms of a
¥&Xicagraphi¢ orderingeacroés various social indicatgrs.l One social in-
dicator mi§h§ be simply the amount of public funds alYocated to core-basic
resgarch and the development of human capital. If a satisficing level of this
indicator(is reached, the allocation of this budget could be made simply in
,accardgnsg with its Qofeﬁtiai effects on options available in the future. The
desirable outcome would be the maximizatien of the number of such options.
evaiou§¥y, economists do ﬁet have an inside track on the evaluation of such

alternatives; a multidisciplinary research evaluation team seems in order.

5. Positive Analysis of Public Research in_&gricuﬁture

The ftééﬁwork for §§_§§§§ evaluation of public research outlined in the
pfgviéﬁsf;éétéﬁé was deVefgpéé‘%ﬁ‘tﬁe,caﬁtext of normative analysis: - it
identified a set of stages that should be followed in order to achieve an op-
timal Sﬁgﬁﬁiﬁﬁ. Once this is established, however, we need to understand the
crig?ns of divergenéies between actual and optimum research solutions in order

to identify the difficulties in eventually moving from the former fo the

Iror an excellent treatment of social indicators and their measurements,
see Fox,
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latter. For this purpose, it is essential to unravel the social processes
that determine the actual pattern of aliocation of resources to public re-
search. This calls on a theory of how the public sector gperates in relation
to the process of accumulation in the economic system and to the conflictive
demands of civil society.

There exist a numEer of alternative paradigms that can be used for this
purpose, each of which approaches the problem from a different--ndbt neces-
sarily exclusive--angle. This includes, in particular, the theory of collec-
tive action and interest politics {Qlson, Downs}); the theory of economic
regulation and governmental intervention (Stigler, Peltzman); the theory of
bureaucratic behavior (Lindblom}; and the theory of the state (Jessop). Since
we believe that it is important to raise the issues of - special classesin re-
lation to the public sector and of the degree of autonomy of the public sector
with respect to both economic and political phenomena, we will rely here on
the theory of the state developed in the body of thought of classical politi-
cal economy. This approach alsc permits us to shed some new light on the old
puzzle of exp?aéning both thé-ﬁreéémeé global underinvestment in agricultural
research and highly uneven investment of research funds among crops, regions,
and types of technologies.

As previous]y %oted, the dominant explanations of underinvestiment are
baéed bn the existence of institutional externalities {Latimer and Paarlberg,
Schultz) and also on the systematic ex ante underestimation of ex posit-
benefit-cost ratios (Hirschmann).

Two additional interpretations derive from observing the role of interest
politics in affecting the allocation of public monies to agricultural re-

search, One consists in observing that the demand for technological
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innovations originating among producers has a small political basis. This
demand is confined to the small minority which can derive Schumpeterian prof-
its from being early innovators (Ruitan). The majority of producers is
coerced inte adopting the cost-reducing new techniques by treadmill mechanisms
that are effective through the product market or the land market according taq -
the elasticity of demand (Dwggl de Janvry). In interest politics, fgexmajor~
tty of farmers {with corresponding Jarge political bases) consequently plays
only a passive role on the issue of techno?ogy but effectively can be mobi-
lized on other poiicy issues, such as the implementatien of éammodity ﬁrice

programs.

On the demand side, consuymer support for production research is similarly

weak and discontinuous ih'sﬁiie of the fact that consumers are presumed to

capture e dBulk-of gains from research. This is due to the small individual

TR S S S i e

gains. of consumer adyvocacy {0ison) and to the existence of other policy ap-
proaches, such as price controls and food subsidy programs, which have more
immediate and more certain payoffs. As a result, Ruttan {p. 12) observes that
‘cansumer support for. production researah:"tgnds to emerge durfng perieds of

. sharply rising prices gnﬁ_iﬁ/be'rapid!y éiésipated during periods of relative
price stability.” :

Fipally, there are a number of explanations on the human caﬁ%télnéida at-
tributing underinvestment in agricultural research to an insufficient supply ;é
of research skills and to a deficit of administrative capabilities in research :
institutions {Evenson). Insufficient investment in the production of human
capital is seen to result in underinvestmént in research; thfs is particularly

s0. in.the, less-developed countries.
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While each of these interpretations may have explanatory power in parti-
cutar situations, it is our feeling that the determinants of the presumed
underinvestment in agricultural research also have to be sought in the broader
context of pelitical economy and, in particuiar, in an understanding of the
role of the state (the public secte{) in both economic and political lifeik We
consequently attempt to bridge the gap between the theory of the state and the
theory of induced innovations in order to outline elements of a political
economy of induced inpovations that shed some new light on the question of the
presumed underinvestment in research.

It is useful for this purpose to contrast three processes thréégh which
agricultural techng}sgy_ig.being produced. OQne is via the priyaté(sector and,
Ling

in particular, agribusiness fjrmé; The second: is via thejggh%%gcsgg;orrfg
"from ébove“ in an active and coordinated fashion. And the third is via ?ﬁe
public sector responding to pressures "from below" in a reTatiye?y paésive agd
decentralized fashion. Each of these processes is activated h} different |
social mechanisms and has specific characteristics in terms of rate and bias
of technological change as well as ip terms of underinvestment of research
resources. h v |

It is clear that ggi&g@g,semibagic(gnﬁaggp}ied regeérgﬁ ip_agri;étuég(ﬁgs
been extremely important but, as we saw in Section 2, is céqfined to spéé%fic
types. of technological devg}opmentsf Underinvestment, from a social stand-
point; Qf(private funds is the grincipa1grga§9§ which has been_given for |
assigning an important role to public sector research. C(learly, priyatg_re-
search and development is motivated by profit seeking and will, consequently,
tend to occur whenever profit and risk conditions create §9mp§rat§v§}y attrac-

tive investment opportunities. Underinvestment of private funds from a
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private standpoint is not an issue here, but failure of the state to provide
the complementary package of public research will create serious hiases in
technological paths.

Since mechanical and chemical innovations tend to be more easily patent-
able than bialegical innovations, a technological path dominated by the pri-
vate sector will tend to be heavily biased toward the former two. Thus) the
tractor revolution s&ébt“through much of Third World agriculture before the
Green Revo1utipﬁ;1 and the mechafiical tomato harvester had been shccessfu?%y

manufactured before release of an adequate tomato plant. Similarly, chemical

control of pests and diseases still teénds to dominate biological and genetic
control (van den Bosch). This observation is not meant to invalidate the

fﬁéérynof‘indacéd innﬁvdtj@ns'but, féﬁﬁek,Ata say that response t@"pﬁﬁhE‘sfgw

nals occurs via different social processes—-in this case, private versus :
public~—and that an imbalance between these processes can SE?i@us1y-impﬁir the |
relationship hatween factor price ratios and relative factor intensities of

éew technologies.

The state, as.a set of public institutions, fundam&até?ly reacts in an

active and coordinated manner fo situations of actual or anticipated crises.

These crises can be either econdiiic or political as they originate in contra-
dictfghs that e%éfge eitﬁe; in the process of capital accumulation or that of
the reproduction of social class positions. Economic crises may include food
price inflation, deficits in the balance of payments, upward pressures on
wages, falling production due to diseases or erosion, etc. Palitical crises
occur in the form of consumér demands for cheaper food, organized labor

pressures for better emplbymeﬁt‘conditions, and the Tlike.

lfor the supporting evidence on this observation, see Thirsk and Sanders.
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The state will react to a situation of crisis and implement a set of re-
forms designed to counteract the effects of the contradictions that define the

crisis if the d0m1nant social class has enough class consciousness and in-

1mp]emented w1theut this actave class part1capat1on if we admit that the state
and its managers pgssess a certain degree of autﬂnomy reiatlve to the
part1cu1ar«moften contradictoryawdemands of 1nterest groups. It is precisely
this relative autonomy that 1&g1tlm12ﬁ5 the state as a public 1nst1tut1en that
is. seen to ex1st abave soc1ety and a!?aws it to 1ntervene in an attempt at
reconciling cmnf}1ct1ve de&ands. It is-also this relative autonomy that
empowers the state with a.broader vision of fhe needs of §ociety than'that
gpﬂssessed by the damiﬂant c]ass. Yet this autanemy 35 on?y re?atzve s}nce
the power and perpetuat1on of the state and its managers are cond1t3ona] upon
continued cap1ta} accumulation and reproduction of class positions. As a
result, the state, in spite of a certain degree of éutcnemy, needs to Eé
motivated by the type of interests that wou]d e&erge out of demiﬁant é?ass
consciousness and 1nstrumenta] control. The scope of act1on of the state is,
however, severely cmnstranﬂeﬁ by three tyaes of 11m3ts§ its f1sca¥ cagaC1ty,
Lits own 1eg1t1macy as an 1nst3tﬁt1on, and 1ts administrative capabxlxty ’
(0*Connor). t

In relation to the qyestion of underinvestment in agricuiturai research,
the kgy question--given a situation of actual or perﬁeived crisis——is{; when
will a technological solution be sought versus other solutions such as price,
labor, credit, or fiscal policies? And it is because a technological solution
is often not SGught in spitelbf potentially favorable ex ante eéenﬂ§ic cal-

culus, that underinvestment in research may occur for a variety of reasons.
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First, precisely because during periods of crisis the state is actively mobi-
lized, there tends to then exist a discrepancy between economic calculus and
political time. Since the technological solution is relatively long term and
costly involving eleméﬂts of raﬂdamnegé, it is ﬁftén disc%rded for other in-
struments. Second, the staﬁe tends té run into 1im%ts"préﬁisely during
periods of crisis. F1sca1 revenues are then partiéﬁTarTy scarce‘anﬁ infiation
constraints binding, the legitimacy of the state is more open to challenge,
and the administrative capaﬁityrisiépreadcthih over many fronts. Thus, the
state is, in a sense, least éapab}e wheﬁ;mast needed. And this alse limits
the capacity of the state to call on iech%cicgiéaW solutions.”

In spite of this, it is through the:ro1e of the active and coordinated
state that some o% the greétéét te;hﬂﬂ¥0gi£é1 achievements have ocebireﬁ,
Examples include research onvﬁytrﬁd corn in the United States, dwarf wheat in
Mexico, and irrigated rice in Co1ombia; ¥at, because of the crisis nature of
its interventions, active mobilization of the state on the jssue of technology
has been generally uneven over time and constrained by the crisis itseif.

This we take t@ be a potentially important expianataon of the presumeﬁ SYS—-
tematic under1nvestmeﬁt in agr1cu?tural research.

The po1ar OpPOS?tP of the act1ve and coordwnated state 1nterven1ng from
above is the decentralized state responding to demands from interest groups in
a market-like fashion. Tﬁés is particu?af1§&typicaﬁ of the use of existing
public institutions (themselves usually created fram above as part of crisis
response) that tend to be appropriated by particular social groups, especially
tnrough the formation of guild-like organizations} The most blatant mechanism
thirough wh?ch this occurs is when private interest groups make reséarch grants

to public institutions. The multiplier effect obtained is usual]ytiarge as
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small amounts of private funds that cover marginal research expenditures
powerfully affect the definition of research and divert toward this end large
amounts of public funds.

The flow of research generated through this form of state activity tends
to be highly uneven among crops, regions, and types of technologies (Pineiro,
Trigo, and Fiorentino}. 1t is strongly conditioned by the existence of power-
ful interest groups that define the social power map. Thus, in the United
States, commodities such as cotton and tobacco have received privilegad sup-
port from public research. In the Third World, export crops such as coffee,
cotton, palm o0il, and rubber have also benefited from large research appro-
priations by contrast to most staple food crops. In many cases and in con-
trast to the Schumpeterian and Marshallian bases of .the theories on induced
innovations and the technological treadmill, the active social agents have not
been producers but organized interests of the agribusiness {(processors and
input manufacturers), commercial, and financial sectors. This has been the
case for research on mechanization of sugar beet and tomato harvesting where
processors induced public sector response, This is also the case for.the bulk
of research .on the chemical control of pests and diseases.
market approach to public research as it intensifies the search by scientists
and research administrators for private research monies and competitive
grants: Since funds are principally obtained from private interest groups,
the research conducted tends to be relatively short run and applied. Thus, in
the control of pests and diseases, chemical control is more easily funded than

biological control, and biological control than genetic resistance.
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Underinvestment in research in this third and most common process will
tend to result from underrepresentation and tack of financial means for numer-
ous interest groups. This is particularly evident for any research oriented
at small farms and at rural labor gnd rural communities. Underinvestment also
results from lack of coordiration amgng branches of ‘the public- sector that
generate or affect techholegical change. This is due to the fact that in-
terest group appropriation of public research capacity is only partial and
fragmented. As a result, the more complex interdisciplinary and systems ap-
proaches to research will tend not to be funded under this afproach. And
coordination between technological and economic policies will also typically
be }acking, jeopardizing effective diffusion of technological change.

 This third social procéss of inducement of innovations appears to be in-
creasingly important a3 the eceonomy enters into post—Keynestam inflationary
periods and fiscal crisesy Clearly, tremendous technological achievements
have been obtained under this approach; but they tend to be relatively short-
run technological fixes resuTting in sharply unequal patterns of technological
‘*déyg%bpméﬁtfamong crops, farms, regiens, and technological options. The-

theory of induced intiovations can; in this context, no longer sérve to explain

“fhﬁ;gé?é'atidn of technglogy in relation to the relative social searcity of
factors of production but is confined to explaining the resaﬂﬁsé to the factor
endowments of the most powerful social groups in society (de Janvry, Gutman,

Grabowski).




51.
REFERENCES

Ahmad, S. "On the Theory of Induced Innovation,® Economic Journal {June,
1966). - o

Arndt, T., and Ruttan, Y. “Valuing the Productivity of Agricultural Research,"
in Resource AI)p;atzen and the Productivity of Natienal and International

Agricuitural Research, edited by T. Arndt et’al, ™inneapolist ‘University
of Minnesota Press, lﬁ??

Arrow, K. J., and Lind, R. C. “Uncertainty and the Evaluation of Public
Investment Decws1cns," American Ec&nem1c Ravzew, Vo?. 60, No. 3 (June,
1970), pp. 364-378.

Atkinson, A. (., and Bobis, A. H. "A Mathematical Basis for- ihe Se1ect1on
of- Research Projects,” ICEE Transactuons on Eng1neer}ng Management EM 16,
No. 1 {February, 1969), pp. Z-8. (

Boyce, J., and Evenson, R. National and Internatzﬁna} Agr:cu1tura? Résearch

and Extension Programs. ~New York: Egr1cu?tura1_ﬂey310§ment Council, 1975.

Cherﬁ, w S,, and Just R E Econametrac AnaTyszs af Suppiy”Response and

Ca%wfernﬁa Tom&to Grower, Vol. 8, Nos. 9 and 10 (1965).

de Janvry, A. "Social Structure and Biased Technological: Change in Argentine
Agriculture,” in Induced Innovations, edited by H. Binswanger and
Vi-Ruttan.  Baltimpre: The Johns Hapkins Press, 1978.

de Janvry, A.; LeVeen, E. P.; and Runsten, D. "Mechanization in California
Agvicu]ture The Gase of Cannang ?omatoes." Univers1ty of Caivfornwa,

Dorfman, R. "Public Goods, ‘Taxation, and a Modﬁst Propasai " 19&@ (mvmea )

| Towns, A An Eﬁcnom1£ Theory of. Bemocracy. ﬁew York: Harper, 1957h;~

Downs, Anthony. "An Economic Theory of Political Action in a DemocraCy,ﬁ
Journal of Political Economy (April,. 19577, Pp.. 135 150. S

Evenson, R. “Comparativ& Ev1dence on. Returns te Investment 3n Nataeaa? and

tural Research, ed1ted by W. F1she1 Mznneap&lzs Bnlversaty of
Minnesota Press 1971.

Evenson, R. and Binswanger H. "Technoiogy Transfer and Research Resource
-Allocation,” in Induced Innovations, edited by H. Binswanger and
V. Ruttan. Baltimere: The Johns Hepk1ns Ungver51ty Press, 1978x-




2.

Fellner, W. J. "Two Propositions on the Theory of Induced Innovation," Eco-
nomic Journal {June, 1961).

Fox, £. Social Indicators and Social Theory. HNew York: John Wiley & Sons,
Inc., 1974.

?rahowska, R. “The Implications of the Induced Innovation Model," Economic
Development and. Cultural Change, Vol. 27, No. 4 (July, 1979), pp. 723-734.

Green, J. R., and Laffont, J. S. Incentives in Public Dec151on Making.
North-Holland Publishing Company, 197/9.

Griliches, Zvi. "Research Costs and Social Returns: H Hybrid Corn and Related
Innovations," Journal of Political Economy, Vol. 66 (October, 1958),
pp. 419-431. o

Gutman, 4. M. “Interest Group and the Demand for Agricultural Research,”
Jﬂarnal of Po11t1ca} ECOn@my, Vol. 86, No. 31 (June, 1978), pp. 467-485,

Hayami, ‘Y., and Ruttaﬁ, R w -Agr1cuiturai Bevelopment: An International
Perspective. Baltimore: The Johrs Hopkins Press, 1971.

Hicks, J. R. The Theory of Wages. London, 1964.

'Hild}eth, R. J. *“public thdihg of %gricuitu?éfzﬁeséérﬁh and Extension: A
Challenge to Economists,” AAEA Newsletter, Vol. 2, No. 2 {(March, 1980}.

Hirschmann, A.. Development Progects Gbserved Washington, D. C.: The Brook-
ings Ihstlthtiﬁﬁ 1967, o o P

Hirshleifer, J. "The Private and Social Value of Information and the Reward
to Inventive Activity," American Economic Review (1971)

Hueth:, it N Sshmﬁtz, A.& ‘and Cooper, R. “Social and Private Rates of ﬁeturn
to Iﬁvestment in Research." Lawrerice Livermsre Laboratory; Pager
H_ﬁgf ££9§m89m4 ~18,

Jessop, - Bob.- “Hecent Theories of the Cap1ta11st State," Cambradg@ qurnal of
Econam&as . Yol. 1 (1977), pp. 353-373. -

Just, R. E. ; Schmitz, A.; and Zilberman, D. "Technological Change in Agri-
cuiture,” Science (December, 1979). Lo : E

kamlen M. I., and Schwartz, N. L. ™arket Structure and Innovation: A
Survey,“ Journal of Economic therature (1975)

Keeney, R. L., and Raiffa, H. Decisions With Multiple Objectives: Preferences

and Value Tvaﬁemoffs. New York: John Wiley and S&ns, Inc., 19?6

Latimer, R,, and Paarl%erg, 0. '“Geegraﬁh1c B1str1but1an of Research Costs and
Benefits," Journal of Farm Economics, Vol. 47, No. 2 (May, 1965),
pp. 234-241.




53.

Lindblom, C. "The Science of 'Muddling Through'," in Politics, Policy and
Natural Resources, edited by D. Thompson. New York: Free Press, 1972,
pp. 100-114.

McCorklie, C. 0., Jr. *®Agricultural Research: Where Are We and Where Are We
Going * University of California, Davis, 1978.

Mansfield, E.; Rappoport; J.; Remeo, A.; Villani, E.; Wagner, $., and Husic, F.
The Production and App11cat1on of New Indastr1a1 Technoisgg New York:
W. W. Norton and 0., 1977. ,

Marglin, S. "The Social Rate of Discount and the Optimal Rate of Investment,”
Quarteriy J@urna! of Econemacs (February, 1963). .

Norten, G., and Davis, J. "Review of Methods Used to Evaluate Returns to

Agricultural Research." University of Minngsota, Department of Agricul-
tural and Applied Economics, Staff Paper Series, 1979.

0'Connor, J. The Fisﬁai {risis of the State. New York: St. Martin's Press,
1973, o ’

0lson, M. The Logic of Collective Action. Cambridge: Harvard University
Press, 1965‘

Owen, W. “The ﬂouble ﬁevelegmenta% Squeeze on Agricu1tur " American Economic
Review, Vol. 56, No. 1 (March, 1966), pp. 43-70.

Paarlberg, D. "Agriculture Loses Its Uniqueness,” American Journal of‘ﬁggj-
cultural Econ@mics, Vol. 60, No. 5 (December, 1978), pp. 769-776.

Peltzman, S. “Toward a More General Theory of Regulation," Journa1 of Law and
ECOnOmlﬁs {1976).

?e%erSﬂn, W. L. “Returp fo ?ou]try Research in the United: States.ﬁ -ﬁﬁﬁfﬁéi
Qf Farm Ecenamwcs, Vol. 49 (August, 1967), pp-. 555~669 e

P1ne1rm, M. ; Tr1g0, E.; and anrentlnn R "Technical. Ehanga in. Latzn Amerzcan({u:

Agrimu]ture," Faaﬁ Policy (August 19?9) pp. 169-177.

Pznstrup—Andersen, o de LandOna, N R., and Heover, E. "The Impact of
Increasing Food Supply on Human Nutrition: Implications for Commodity
Priorities in Agricultural Research and Policy," American Journal of
-Agricultural Econpmics, Vol. 58, No. 2 (May, 19767, pp. 131-142.

Rausser, G. C.; Yassour, Y.; and Zilberman, D. "An Active Learn1h§ Appreach
to the Allocation of Research Budgetl Across Teams.” University of Cali-
fornia, Department of Agricultural and Resource Economics (Bﬁrkeley, 1980).

Rawls, .J: Theory of Justige. Cambridge: Harvard University Press, 19?1,

Rasmussen, W. D. "Advances in American Agriculture: The Mechan1ca] Tomato
Harvester As a Case Study,” Technology and Culture, Vol. 9, No. 4
{October, 1960), pp. 531-543.




54.

Ruttan, V. W. “Bureaucratic Productivity: The Case of Agricultural Research.”
University of Minnesota, Department of Agricultural and Applied Economics,
Staff Paper P78-6, November, 1978. .

Sanders, John. “Mechanization and Empioyment in Brazilian. Agriculture,
1950~1971." Unpublished Ph.D. dissertation, University of Minnesoia, 1373.

Schmitz, A., and Seckler, D. - "Mechanital Agriculture and-Social Welfare:
The Case of the Tomato Harvester,” American Journal of . Agracuiturai
Economics, Yol. 52, No. 4 (November 19707, pp.. 569-578." )

Schuh, G. Edward, and Tollini, Helio. "Costs and Behefits of Agriculfural
Researrh State of the Art and Implications for the CGIAR.® Purdue Uni-
versity, Consultative Group on International Agricultural Research,
ﬂcteber, 1978

Schultz, T. M. “The Allocation of Resgurces tﬁ Research,” in RQSQGFCE-ﬁ§3ﬁ6a~
tion in Agricultural Research, edited by W. F1she1. Minneapolis: Univer-
$¥ty of Minnesota Press, 1971. _

Schultz, 7. W. “D1stortaons of Economic Research." University of Chicago,
1979 (mimeo., ). -

Scobie,.ﬁ. M. “Varaataﬁn in the Rates of Return to Agrzcu?turai Rasgarch:
Sketeton in ﬁethmdaiog1ca] Cupboard,* Presented at a Ford Foundation
Hor&shap, Seexing Explanations for Different Rates of Return to Agricul-
tural Research New York, February 2 1974.
Scobie, "G. M., and P@éédé T., R. "The Empaﬁt of TechnicaT Change on Income
Distribution: The Case of Rice in Colombia," American Journal of
Agricultural Economics, Vol. 60, No. 1 (February, 19?8), p.'85m92

Th1rsk I ﬁ. “Tha Etonom1cs af Co?omb1an Farm Mechanazatien - ﬁnﬁublished
Ph ﬁ d155ertatian, Yale University, 19?2, - : -

Tweeten, L “ﬁ,guand H}nes, F. K. ”CGHtT?hut1Qn of Agr1cu]tura] Prgdﬁﬂt1v1ty
to National Ecenomic Growth," Agiriculturat Science Review, Vol. 3, No. 2
f1§65}, pp 40-45.

van den Bosch, R. The Pesticide Conspiracy. Garden City, New York: Double-
day, 1978. = = |

Weitzman, M. L. “Optimal Search for the Best Alternative," Econometrica {May,
1579). T






