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Preface

This is the fourth in a series of reports derived from a USDA Section 406,

Food for Peace Act of 1966, project: Socio-Economic Criteria for Scientific

Research to Improve Tropical Food Production Systems and issued by the Hawaii

Institute of Tropical Agriculture and Human Resources.

The other publications are: Strategy Outline for Accelerated Agricultural

Development of American-Affiliated Pacific Islands; Development of the Agri-

cultural Sector in Hawaii; and Development of the Agricultural Sector in the

American-Affiliated Pacific Islands. The cooperation and assistance of the

Science and Education Administration of USDA and the Publications Office of
HITAHR in the production of these reports are hereby acknowledged.
While the previous reports focused on broad developmental issues,
this one is primarily concerned with the planning and research aspects
of agricultural development. The first section seeks to establish a con-
ceptual framework for decision-making on agricultural research priorities.
The next section takes up a number of models, including the Hawaii Industry
Analysis Program, which have been utilized for this purpose, and attempts
to draw out some guidelines for an improved research decision-making process.
On the basis of the foregoing analysis and drawing upon the Hawaiian
planning experience, the final section offers some suggestions for integrating
research priority setting with the state planning process, with an emphasis
on explicit consideration of relevant socic-economic criteria. The authors
believe these may be relevant to other areas or agricultural research admini-

stration programs.
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Abstract

Because agricultural research funds are typically limited, it is
necessary to allocate resources to assure the highest possible returns
on investment. Because they involve broad public interest as well as
individual farmer objectives, they must be allocated in conformance with
well-defined and acceptable goals. Planning of research programs and
selection of projects should be based on clearly understood and usable
criteria.

This report seeks to devise a priority-setting process which can
maximize research contributions to predetermined goals. Resource allocation
models proposed or developed for Iowa, developing countries, farming systems
research and development, and Hawaii are analyzed for understanding of
region-specific differences and to devise a common set of guidelines for
research priority-setting. The Hawaii Industry Analysis Program is
scrutinized further and related to requirements of the State's agricultural
planning process. Finally, a revised approach to agricultural research
priority-setting is proposed, integrating the State planning and industry
analysis processes, and incorporating essential guidelines from review of

the various resource allocation models.



AGRICULTURAL RESEARCH AND PLANNING:
SOME LESSONS FROM THE HAWAII EXPERIENCE

Shelley M. Mark and Robert L. Lucas

I. Framework for Decision-Making in Agricultural Research

The high returns to public investment in agricultural research in the
United States, Japan and many developing countries are well documented.
In Hawaii, research has contributed greatly to technological progress and
growth in the major plantation industries and many of the diversified
industries. It has also raised expectations with respect to future growth
potential despite the many problems confronting island agriculture. Although
publicly sponsored research is sizeable in Hawaii, little has been written
in the local context about how research activities relate to agricultural
production and the welfare of the overall community. This section presents
a conceptual framework which is intended to clarify the process through
which research contributes to the attainment of societal goals. In outlining
the conceptual framework, the importance of appropriate information and

its use for decision-making will become apparent.

A. Contribution of Research to Agricultural Productivity

Agricultural research presently accounts for $5 to $6 billion annually
on a worldwide basis, with about three-quarters of this amount being spent
in the developed countries. In Hawaii, the College of Tropical Agriculture
and Human Resources' research budget, which accounts for the preponderant
share of total agricultural research in the state, was over $11 million in
1981. The contribution of research to increased productivity and growth is
now widely recognized, and consequently, research expenditures are rising,

especially in the less developed countries in the tropics and sub-tropics.




Still, insufficient funding remains a problem for most of the developing
countries; while developed countries spent about 2.5 percent of the value of
their agricultural product on research and extension in 1974, the less
developed countries (those with average per capita incomes below $1,000 in
1971) typically spent 1.0 percent or less on research (Evenson, 1978).

Scientific research results in the generation of knowledge which has
varying degrees of applicability to immediate problems. Often the distinc-
tion is made between applied and basic research, with applied agricultural
research being viewed as the development of new technology based on a mecha-
nical, biological or institutional innovation; while basic agricultural
research is the generation of new scientific knowledge having no particular
immediate application. Basic and applied agricultural research have comple-
mentary roles. Applied research is the primary subject of this paper; but
basic research is necessary for generating new technology potential, which
is critical for maintaining steady growth in productivity.

Applied agricultural research for the purpose of this report encompasses
socio-economic as well as biological and mechanical innovations, together with
any associated developmental work required to translate the innovations into
adoptable new technology. Thus, research leading to a more efficient market
for a given commodity would be considered new technology in the same manner
as development of an effective pesticide having no significant envirommental
drawbacks. Applied research may be the direct consequence of basic research
done in the same geographic region or elsewhere, or it may be adaptive
research which draws upon technology already developed for another social
and agro-climatic environment.

Although problems of measurement and accounting for time lags have made

estimates somewhat approximate, computed annual internal rates of return



have been consistently high across countries and commodities, and over time.
United States aggregate annual rates of return for research and extension
have been estimated at 49 percent for the period 1957-62 and 34 percent

for the 1967-72 period. With respect to commodities, for hybrid corn in

the U.S., rates of 35-40 percent were estimated for the 1940-1955 period,

and for rice in Colombia rates of 60-82 percent were estimated for the period
1957-72 (Arndt, et al., 1977). While research is but one form of investment
(land, infrastructure, and equipment being other important investments),
studies have shown that returns from research are two to three times as high
as on other agricultural investments,

However, although many instances of successful research investments have
been documented, there are instances of much lower returns and even failures
for some commodities in certain countries. Thus, while the potential return
is high, it is not guaranteed and perhaps even more important, the payoff to
agricultural research is typically realized only over sustained periods of
time. That is, considerable lag is experienced between the initial investment
in research and the adoption of new technologies which produce the anticipated
benefits.

The new technology generated by successful applied agricultural research
results potentially in three types of benefits: (1) increased technical
efficiency; (2) change in characteristics of commodities or development of
new commodities; and (3) reduced production risk (less variability in yields).
Technical efficiency refers to the amount of output per unit of input measured
in physical terms (e.g., pounds of production per hectare). Changes in com-
modity characteristics benefit the farmer if such changes lead to reduced
production, distribution or marketing costs, or make the commodity more

valuable in the eyes of the consumer.




Benefits of applied agricultural research are not realized unless the
new technology with which they are associated is adopted; thus, the research
must be in tune with the needs and circumstances of the farmer, as well as
the welfare of the community at large. Of course, the adoption of new
technology will occur only if there is effective communication of its avail-
ability and provided that farmers perceive a clear advantage in its adoption.
This is a key point which will be addressed at greater length below.

The inherent nature of agricultural research places the burden on govern-
ment for its provision. Although significant amounts are spent by private
industry in specialized types of research, such as for seeds, fertilizers, and
pesticides, the absence of efficient markets for most research efforts results
in inadequate price signals to guide resource allocation. Since it is diffi-
cult for firms to capture the benefits of agricultural research, the level of
private industry investment would be too low relative to that indicated when
social as well as private benefits are considered.

The significant externalities associated with agricultural research, and
the resulting benefits which accrue mainly to society at large provide the
basis for public investment. Because research funds are typically limited
and compete with other budgetary needs, it is incumbent on government to
establish priorities and allocate resources to obtain the highest return on
investment. However, the process of setting priorities consistent with well-
defined goals and objectives to ensure a high return on investment is ex-
tremely difficult. Given the large amounts of resources involved, periodic
evaluation of research programs both before and after the fact is necessary.
Measuring benefits ex post to calculate the rate of return actually realized
is one form of evaluation; attempting to identify, appraise, and select

research projects ex ante so as to attain maximum contribution in terms of



predetermined goals is another form of evaluation. This report is principally

concerned with the latter.

B. Goals and Objectives

Increased production and improved productivity are usually the immediate
goals of agricultural research and development, while growth, equity and
security considerations reflect ultimate social and economic goals. To obtain
maximum benefits from resources allocated to agricultural research, there must
be a clear understanding of the distinction between ends and means and how
these relate to the setting of priorities.

As already noted, the output of successful applied agricultural research
is new knowledge and materials, which are the means for achieving such goals
(or ends) as: increased farm incomes, reduced food costs, better nutrition,
increased export earnings, and rise in relative share of farm income going to
labor. To the extent that research contributes positively to meeting these
goals, it also contributes to ultimate social and economic goals and thus to
improved human welfare.

Two aspects of the above discussion merit further elaboration. First,
it is essential that final agricultural sector goals be adequately specified.
If they are not, there will be little or no basis for evaluating the relative
success or efficiency of the research investment. Second, although new know-
ledge and materials are produced through applied agricultural research, there
must be a mechanism or process for ensuring that the output of research efforts
results in maximum contribution to final sectoral goals. It has been noted
that successful applied agricultural research potentially results in new tech-
nology which contributes benefits via increased technical efficiency, changes

in commodities or new commodities, and reduced production risk. The precise




form (nature of the new technology) in which these benefits are generated
affects the supply of farm commodities, input demand, and on-farm farm consum-
ption. Changes in the latter magnitudes may then be used to evaluate research
contributions to sectoral and social goals. The adoption of new technology
usually motivates producers to increase output since production costs are
lowered, or product is more appealing and thus more in demand by consumers.
However, if demand elasticities are low, producers may suffer reduced profit-
ability unless new markets are developed or government market intervention
takes place. In many less developed countries, the main problem is achieving
increased farm production. In these countries, food shortfalls negatively
affect human welfare, and the farm population represents a major share of total
population. Thus, increased on-farm food consumption is an important policy
goal. In the advanced country context, increasing commodity supply is under-
stood to entail commensurate aggregate demand response compatible with farm
sector productivity and politically acceptable levels of government support.
Matching a set of national social goals and corresponding farm sector
objectives with the perspectives and priorities of research organizations
comprised of scientists and other researchers, in an attempt to reach agree-
ment on researchable problems and alternative technologies, has proved extra-
ordinarily difficult. Ideally, research management must work closely with
policymakers (at national and sectoral levels) to coordinate scientific
research objectives with proposed real world technologies to maximize con-
tributions to final goals. Practically, this has been constrained by dif-
ferences in perspectives, institutional barriers, and communications and

operational difficulties.



C. Socio-Economic Considerations

Socio-economic factors are of obvious importance in setting national
goals and for determining corresponding development goals for agriculture;
less obvious is the significance of socio-economic factors in the design of
agricultural technology.

Goals established for the agricultural sector should be supportive of
and consistent with national goals. Social and economic conditions, resource
endowment, stage of development, and political factors all will influence the
choice of national goals. Countries at an earlier stage of development will
be most concerned with increasing food production--particularly that of wage
goods such as the grain crops--meeting nutritional standards, raising rural
labor productivity and living standards, and earning or conserving foreign
exchange. In economically more advanced countries, agricultural concerns will
tend to focus more on increasing farm incomes and profitability, export
earnings, and development of agriculturally related industries such as food
processing and packaging, fertilizers, farm machinery, chemicals, and farm
services.

With respect to research policy, the key issues relate to diffusion of
new technology, distribution of benefits, and social and environmental con-
sequences of technology adoption. Scientists may develop new high-yielding
crop varieties but if farmers do not adopt the innovation the research effort
will be largely for naught. When this happens, the reasons are the frequently
overlooked social or economic factors which make the innovation unprofitable
or other wise unacceptable to farmers. Problems of this kind are much more
difficult to identify, and hence more likely to occur in low income countries
among small farmers. In the advanced country context, the rate of adoption

and benefits of new technology are likely to be much greater to the extent




that the scientists' working objectives are coordinated with underlying or
related socio-economic influences.

The design and diffusion of new technology often leads to distributional
consequences. Such results may be anticipated, and indeed may be the basis
for policy objectives, but the point is that distributional effects are
social and economic in nature; their proper anticipation requires the coopera-
tive participation of social, biological and physical scientists in technology
design. Since the direct benefits or effects of new technology occur via
changes in technical efficiency, commodity characteristics, or reduced pro-
duction risk, they may not be distributed equally among all producers. Also,
government policies and market conditions affect the distribution of benefits
between producers and consumers. In terms of technical efficiency, an inno-
vation may be scale-biased or factor-biased. For example, a new crop variety
may require the use of machinery for cultivation and harvesting. If the use
of machinery is economically suitable only for larger farms, small farmers
will not benefit from the innovation. The same example may be considered
factor-biased if the innovation results in labor saving because of heavier
capital input, i.e., substitution of machines for labor.

If a given innovation increases productivity and commodity supply
expands as a result, consumers may capture a larger share of the benefits
if demand is inelastic. Govermment economic policies with respect to taxes,
foreign trade, and commodity support or purchase programs, likewise may have
the effect of redistributing benefits stemming from the adoption of new
technology. In some cases, when disincentives are sufficiently large to
offset prospective gains from adoption, economic policies already in effect

may discourage or prevent adoption of new technology.



Unanticipated social and environmental consequences of adopting new tech-
nology is another area of concern. While side effects may be both positive
and negative, it is the latter which can be substantially avoided if explicit
consideration of their possibility is built into the research program. Intro-
duction of an agro-ecologically specific crop innovation in one area may
result in increases in production and profits and additional market penetration,
with the further consequence of farmers producing the same crop in other areas
being deprived of cash incomes. ‘Changes in cropping systems, mechanical inno-
vations, and introduction of new crops may displace given categories of workers.
These typically are low income, rural people who are relatively immobile and
have few, if any, job alternatives. Introduction of modern inputs such as
fertilizers and pesticides{ and new cropping practices sometimes leads to un-
anticipated environmental damage. Again, the multidisciplinary approach which
incorporates farmer participation in the technology design phase would minimize

these kinds of effects.

D. Setting Priorities

Resources, both financial and human, may be committed to alternative uses.
The fact that the return on investment in agricultural research has been found
to be two to three times as high as on typical industrial projects is not a
sufficient reason for complacency or lack of concern regarding the kinds of
projects undertaken in a particular research program. It is the function of
research management to ensure that the projects pursued result in maximum con-
tribution to agricultural goals given the amount of resources budgeted. Put
another way, ''concurrence between the technology specification received by the
scientist and the technology which results in maximum contribution to the

achievement of social goals is the responsibility of research management'













































































































































































































































































































