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FUNDING AGRICULTURAL RESEARCH

Eduardo J. Trigo is Senior Research Officer at the International Service for

National Agricultural Research (ISNAR).

Martfn E. Pifielro is Coordinator of the Cooperative Research T'roject on

Agricultural Technology in Latin America (PROTAAL).

SUMMARY

Funding of agricultural research is one of the basic determinants of the
ability of a country to produce new technology and effectively utilize existing
one. This paper analyzes agricultural research funding emphasizing three inter-
related subjects: the level of funding and its profitability; private vs. puﬁlic
research; and the institutional mechanisms by which funds are channeled to
research institutions. Funds allocated to agricultural research in Latin
America increased dramatically during the seventies and seem to have tapered
off Qith great variations among countries and considerable instability in most
of them. The present fiscal crisis suggests that the level of funding will be
a growing problem in spite of its high social profitability. Private funding
of rgsearch has increased in recent years introducing biases in the total
allocation of resources in favour of certain types of research and certain
products and agricultural systems. At the same time private funding has acceler-
ated the tendency towards project funding as opposed to the more traditional
institutional funding. This tendency although favouring closer relationships

between researchers and technology users also biases research towards applied






and short run problems with low levels of risk. Overall maintaining an
appropriate levels of public research funds with sufficient stability in the
long run remains as a fundamental problem of science and technology in

developing countries.

INT@DDUCTIONl/

The organization of agrjcultural research conceptualized in terms of
the institutional forms and mechanisms through which human, physical,
information and financial resources are combined for the operation of
resea;ch processes, has received growing attention in recent years. This
concern has focused on the overall features of organizations as well as on
speéific components, such as training human resources, development of
physical infrastructure, relationships between national and international

research, etc.

At the same time, it is becoming increasingly clear that the effectiveness
and productivity of national research systems are not independent of their
organizational schemes and particularly of the forms and mechanisms through
which they obtain their financial resources. This linkage suggests that the
nature and structure of research institutions are not independent of the

cultural, economic and political context in which they operate. It also

1/ A previous version of this paper was presented at the "Second Meeting of
Directors of National Agricultural Research Systems of Latin America and
the Caribbean" held in Madrid Spain, between September 27 and October 1,
organized by the International Federation of Agricultural Research for

Development (IFARD), and sponsored: "' ">try of Foreign Relations
and the National Agrarian Research ~f Spain, in cooperation
with the Inter-American Institute ‘ion on Agriculture (IICA),and the

International Service for National. ° ural Research (ISNAR).






implies that the characteristics of the surrounding context act as determinants
of organizational alternatives that must be considered in designing national

research system (Ruttan, 1982; Rigney, 1981; Trigo, Piifieiro and Ardila, 1982).

These relationships have not been fully acknowledged in the past.
However, they appear to be one of the primary reasons why national efforts to
establish highly productive research infrastructure have not attained antici-

pated success.

This is the general framework in which the financing of agricultural
research will be discussed. In doing so, this paper first discusses the
extent and evolution of the funds allocated to agricultural research in the
region. It also covers a brief evaluation of their magnitude in terms of
the financial requirements of a research effort on a minimum scale. This is
the most important issue, because of the dramatic fiscal situation faced by
the majority of the countries of the region. From the qualitative point of
view, special emphasis is given to the discussion of existing alternatives
funding mechanisms; and the factors that condition the use and impact of
res;urces on the effectiveness of research organizations. The treatment of
these topics is organized in six sections. The first section gives a brief :
description of the organizational and budgetary background of agricultural
research in Latin America; the second section deals with the magnitude of
financing for this type of activity, especially with the comparison standars
used for measuring resources. The third and fourth discuss alterna-
tive sources of funding and the real possibility of 1linking the

recipients of benefits with the financing of research. The fifth section






presents several ideas on operational alternatives for financing research by
institution and by project, and finally, the sixth section contains general

comments on all the issues discussed in the paper.

BACKGROUND AND MECHANISMS FOR FUNDING AGRICULTURAL RESEARCH IN LATIN AMERICA

The Evolution of Agricultural Research Funding in Latin America and the

Caribbean

Agricultural research in Latin America can be divided into two historical
periods. The first begins with the initial efforts at research, conducted
during the second half of the 1as£ century, and runs through the nineteen-
fifties. During this stage, activities unfolded in ad-hoc institutional
structures which were generally very unstable. In general terms, institutio-
nal developments were closely tied to solving crisis situations in specific
crops. Examples include Tanguis cotton in Peru and sugar cane in the Cauca
Valley of Colombia. During this period, the experiment stations were built,
later to become the cornerstones of modern research institutes (Estanzuela
in Utuguay, Pergamino in Argentina, the National Agricultural Association in
Chile, the Experimental Farms in Palmira, Medellfn and Bogotd in Colombia,

the Cafiete and La Molina Experiment Stations in Peru, etc.).

The second institutional period began toward the end of the forties, and
early fifties. It was characterized by the establishment of more integrated
research structures with a national scope. Initially, these developments

included research as an integral part of the Ministries of Agriculture. After






1960, most of the countries introduced decentralized, independent research
organizations with administrative autonomy. This new institutional model

is generically known as the National Agricultural Research Institute, and
provided the basis for the expansion and strenghtening of research activities,
which until the mid-seventies, received uninterrupted, growing financial
support from international sources as well as larger budget allocations from
domestic sourcesl(

Tqble 1 shows the evolution budgetary resources for agricultural research
from 1960 to 1980 in those countries for which information is available. 1In
overall terms, the information shows, in almost all cases, a strong expansion
of resources for research. However, this general trend should be examined
in more depth. In the first place, from 1960 to 1970, budgets increased
steadily, while from 1970 on, the trend was interrupted and, in some countries,

even reversed.

A second observation is that budgetary resources were extremely variable
during the nineteen-seventies. This ig reflected both in the differences
between peaks and valleys, ofteg surpassing fifty percent, and in year-to-
year variations. Table 2 illustrates these annual variations, showing the
frequency with which budgetary allocations dropped off from one year to the

next, and the magnitude of these reductions. The problem of budgetary

1/ During the expansion period, the "territorial occupation" phase took place
through the establishment of new experiment stations and networks of ex-
tension agencies. 1In addition, broad training programs were initiated,

_ oriented toward developing the critical mass of human resources needed for
meeting the requirements of research processes. These processes received
strong impetus from external assistance programs that called for outside
support to be gradually replaced by national efforts. However, this
occurred only to a limited degree, leading to a dramatic decay of the
programs as external assistance came to an end. For a more detailed
discussion of this process and its implications for the development of
National Research Systems, see: Pifir!v- ~nd Trigo, 1983.
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instability is particularly acute because of the long-term nature of research

programs and their resulting inflexibility for making abrupt, short-term

adjustments.

The effect of the year-to-year variations is even more dramatic in view
of the budgetary structure of research institutes. 1In general, over seventy
percent of total organizational resources are used for personnel costs,which
are relatively inflexible over the short-term. Therefore, any variation must
be fully absorbed by direct research costs which multiplies its impact. 1In
practice, a total budgetary variation of “five percent has an impact on the °
organizatjon's operating capacity equivalent to a budgetary drop of twenty

to twenty five percent.

It should be noted that the countries most affected by budgetary
instability include some of those with the oldest research infrastructures

such as Argentina, Colombia, Ecuador, Uruguay and Peru.

Alternative Financing Mechanisms

The funding of agricultural research activities has been on the basis
of annual allocations from the national budgetsl/. This funding mechanism
is characterized chiefly by: (a) the public nature of the funds and the
fact that they are paid out of general income; this means that agricultural

research must compete directly with other activities of the public sector;

1/ It has often been suggested that this financing mechanism is one of the
determining factors in the budgetary instability discussed above.






and,(b) the allocation of funds, which generally covers the entire insti-
tution, without considering the specific use that will be made of the moneys;

this decision is left to the research organizations themselves.

In addition to this overall scheme, several important alternatives have
existed and continue to be used, concerning origin, means of acquisition, and use
of resources. At the National Research Institute level, up until recently
Argentina's INTA (National Institute of Agricultural Technology) has received
budgetary resources from a specific tax on agricultural exports; also impor-
tant are the cases of several commodity organizations receiving resources from
exports of the commodities they study. The Executive Commission on the Plan
for Economic Recovery of the Cacao Industry (CEPLAC), dedicated to cacao research
in Brazil and the National Coffee-Growers Federation (FEDERACAFE), which does
coffee research in Colombia,are specific examples of this situation. Other
special case somewhat similar to these is that of the Sugar Cane Research
Center of Colombia (CENICARA) which receives financing through a formula based
on sugar exports and on the differential between domestic and foreign sugar

pPrices.

These global funding schemes for individual institutions are further
supported with specific sources, either with respect to the origin or con-
cerning the use of funds. Examples of this type of funding are the resources
received by the Colombian Agriculturyal Institute (ICA) through the Fifth Law
of i97;. and the specific programs developed by the Colombian Rice-Growers
Federation with the beer industry; the pisture reseaqrch programs underway in
the National Agricultural Research Institute (INIAP) in Ecuador, which receive

support from the Highlands Livestock Association; and a number of efforts in
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Brazil such as the programs of the Sugar Producers Cooperative (COPERSUCAR)
for sugar cane, and the National Association for the Use of Fertilizer (ANDA)

for cotton, beans, corn, soy and wheat (LSpes, 1979).

Similarly international loans and grants from multilateral credit orga-
nizations and the bilateral aid programs of the developed countries have
becou; important sources of support to the national budgets. The Inter-
American Development Bank (JDB) and the International Bank for Reconstruction
and Development (World Bank) both have active programs to provide of loans
and technical assistance in support of national agricultural research
activities. From 1971 to 1980,the IDB granted thirteen loans to eight latin-
american countries for a total value of US$137.9 million. It also provided
a total of US$25.0 million in the form of non-reimbursable technical cooper-
ation, distributed among twenty projects in thirteen countries. The World
Bank has granted two loans for US$96.0 million. The United States provides
the major program for bilateral assistance, which in 1980 had twenty five

projects underway and nearly US$70.0 million committed through l9851j.

A more different alternative, with broader implications for the organiza-
tion-and management of the research and technology development processes in

the agricultural sector has been recently put into operation in the National

1/ The international loans and grants are channeled primarily toward the
development of physical infrastructure and human resources for national
research systems. International support has been particularly decisive
in training human resources, not only through the research institutes'
training programs, but also through the efforts of some countries to
develop post-graduate infrastructure in the agricultural sciences. For
further discussion, see: Trigo, Pifieiro and Ardila, 1982,
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Agricultural Research Institute (INIA) of Chile. The new mechanism formally
combines two types of financing perspectives: overall institutional funding,
and specific project funding. The system includes basic financing to main-
tain the core personnel, as well as certain operating costs covered with nation-

al (public) budget allocations following the traditional model, and calls for

other operations to be covered by contracts and agreements for specific

research projects funded by the interested parties. This format is a signifi-

cant institutional innovation for formalizing a mixed mechanism of fundiné
(public-private). Its importance lies in its implications for the role of -

the public sector in the research process. It also has major consequences

on administrative and managerial aspects of research.

Finally, in recent times, several countries have launched initiatives
to reorganize their agricultural research system. These initiatives are
mainly concerned with the organizational structure of research and technology
transference activities but also have implications for the financing structure
of the system. This through the establishment of National Agricultural
Research Funds to complement via the financing of specific projects, the
regular funding of research organizations. In general, these initiatives
have been developed in the framewark of processes to forge closer ties between
agricultural research and the overall science and technology sector, and a
better coordination and increased complementarity among the research programs
of the National Institutea, the universities and private sector research
organizations. Together with the establishment of the Research Funds,

National Agricultural Research Plans are being developed as basic tools to
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govern the use of available fund resources. Agricultural Researc!. Councils
have also been proposed as mechanism for overall institutional coordination

(Colombia, Departamento Nacional de Planeacidn, 1981).

The systems for financing agricuitural reseaych reviewed in the previous
paragraphs differ substantially from one another, as each one is the expression
of { different concept of the patures of research and agricultural technology.
In the following sections an attampt to analyze these differences will be

made.

INVESTMENTS IN AGRICULTURAL RESEARCH IN LATIN AMERICA: A CRITICAL ASSESSMENT

Profitability of Research Investments

The discussions of the extend of financing for agricultural research
have focused on the amount of resources allocated to this type of activities,
and its relationship with other economic variables, such as the value of
agricultural production, production value at the level of individual commodi-
ties, or total investments in research and development. As a complement to
this approach, important descriptive and analytical studies have been per-
formed on budgetary resource allocations for the different activities and
areas of research (applied research vs. basic research, commodities, regions,

types of producers, etc.).

From a slightly different perspective resources allocation to agricultur-
al research has also been studied in terms of investment profitability.
Studies in this area also cover specific commodity situations as well as

aggregate cases by institution or by commodity groupings.
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Table 3 presents for Latin America expenditures in agricultural research
as percentage of the value of agricultural production. Table 4 summarizes
studies of return on research investments including Latin America countries
and other regions of the world. The main conclusion to be derived from this
information is that research activities in Latin America are markedly under-

invested.

The percentages of agricultural production value used for research are
significantly lower than in more advanced countries, where expenditures on
reséarch and development easily surpass 1.5 percent of the value of agri-
cultural production (Boyce and Evenson, 1975). In the majority of cases in
Latin America, it does not reach 0.5%. These signs of relative underinvest-
ment are confirmed by findings of studies on investment profitability for
research, given in Table 4. In general, the rates of return on research
investment range from 30X to 60Z per ;ear, and there are no substantial
differences between developed countries and developing countries. Returns
are also very similar between partial funding (commodities or groups of
commodities) and institutional funding. These leyels are far above those
observed for most other types of investment projects, both public and

private.

Regardless of any discussion or criticism that could be made of the
methods used for estimating the rates of return in Table 4, it is clear that
from the social standpoint, it would be beneficial to increase investment in
research instead of allocating resources to other alternatives with less

profit potential.
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TABLE No, 3 LATIN AMERICA AND THE CARIBBEAN: PERCENTAGE OF AGRICULTURAL
GROSS DOMESTIC PRODUCT ALLOCATED TO AGRICULTURAL RESEARCH IN
SELECTED COUNTRIES, 1979%

Coyntry Percentage of GDP
Coata Rica : 0.2y
El Salvador 0.28
Honduras 0.13
Mexico 0.52
Nicaragua 0.42 y
Guatemala 0.27
Panama 0.36
TOTAL (NORTHERN ZONE) 0.us
Barbados 0.90
Hait{ 0.05 2/
Jamaica 0.25
Suriname 0.29 3/
Grenada . 1.19 3/
Guyana 0.36 %/
Trinidad & Tobago 0.51
Dominican Republic 0.23
TOTAL (CARIBBEAN ZONE) 0.2y
Bolivia 0.87
Colombia 0.56
Ecuador 0,54
Venezuela 0.94
Peru 0.26
TOTAL (ANDEAN ZONE) 0.61
Argentina ) 0.79
Brazil 0.67
Chile 0.u8 &/
Paraguay 0.26
Uruguay 0.14 %
TOTAL (SOUTHERN ZONE) 0.66

TOTAL LATIN AMERICA AND THE CARIBBEAN 0
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TABLE 3 (Cont.)

NOTES: * Preliminary estimates
© 1/ 1980
2/ 1978
3/ 1974
4/ 1976

SOURCES: Calculated with information fram:
World Bank, 1981, Suriname...
World Bank, 1981, Report...
IDB, 1980-1981
IMF, 1981
Pifieiro and Trigo, 1983.






TABLE 4. SUMARY OF STUDIES OF RETURNS ON AGRICULTURAL RESEARCH
Annual
Study  Countxy Commodity n;:&of damestic rate
, of return, %
Griliches, 1958 U.8.A. Hybrid Corn 1940-55 35-40
Griliches, 1958 U.8.A. Hybrid sorgiam 1940-57 20
Peterson, 1967 U.8.A. Poultry 1915~-60 21-25
Bvenson, 1969 South Africa Sugar Cane 1945-62 40
Ardito Barletta, 1970 Mexico theat 1943-63 90
Ardito Barletta, 1970 Mexico Maize 1943-63 k13
Ayer, 1970 : Brazil Ootton 1924-67 7”7
Scimitz & Beckler,
1970 U.8.A. Tamato harvester $958-69
With no campensation ‘
to displaced workers . 37-46
Assuming campensation of displaced
° workers for 508 of earnings loss ° 16-28
Ayer & Schuh, 1972 Brazil Cotton 1924-67 77-110 .
. 1972 - Peru Maize 1954-67 35-40
50-55
Hayamd & Akino, 1977 Japan Rice 1915-50 25-27
Hayami & Akino, 1977 Japan Rice *  1930-61 73-75
Hertford, Ardila,Rocha Colombia Rice 1957-72 60-82
& Trujillo, 1977 Colanbia Soybeans 1960-71 79-96
Colambia theat 1953-73 11-12
Oolambia Cotton - 1953-72 nons
Pes, 1977 Malaysia Rubber 1932-73 24
Petarson & Fitzharris, U.S.A. Mgregate 1937-42 50
1977 1947-52 51
1957-62 49
1957-72 k7 I
Wennergren & vhitaker, Bolivia . Sheep 1966~75 4.1
1977 theat 1966-75 -47.5
Pray, 1978 Pupjab Mricultural ressarch
(British India) and extension 1906~-56 34-44
Punjab Mricultural research
(Pakistan) and extension 1948-63 23-37
Scobdie & Posada, 1978 Coldambia Rice 1957-64 79-96
Tang, 1963 Japan Aggregate 1880-1938 35
Griliches, 1964 U.S.A. Aggregate 1949-59 35-40
Latimer, 1964 U.S.A. Ajgregate 1949-59 not .sig.
Peterson, 1967 U.S.A. Poultry 1915-60 21
Evenson, 1968 U.S.A. Aggregate 1949-59 47
Evenson, 1969 South Africa Sugar cane 1945-58 40
Ardito Barletta, 1970 Mexico Crops 1943-63 45-93
Duncan, 1972 Australia Pasture 1948-69 56-68
improvement
Evenson & Jha, 1973 India Aggregate 1953-71 40
Kahlon, Bal, Saxena India Aggregate 1960-61 63
& Jha, 1977
Lu & Cline, 1977 U.S.A. Mggregate 1938-48 30.5
1949-59 27.5
1959-69 25.5
1969-72 23.5
Bredahl & Peterson, U.8.A. Cash grains 1969 36
1976 - . Poultry 1969 37
Dairy 1969 43
Livestock 1969 47
Evenson & Flores, Asia - Rice . 1950-65 32-39
1978 national 196675 7378
Asia - Rice 1966-75 74-102
international
FPlores, Evenson & ics Rice 1966~75 46~-71
Hayami, 1978 Philippines Rice 1966-75 75
Nagy & Furtan, 1978 Canada Rapeseed 1960-75 95-110
Davis, 1979 U.S.A, Mggregate * 1949-59 66~-100
1964-74 37
Evenson, 1979 U.S.A. Aggregate 1868-1926 65
U.S.A. Technology 1927-50 95
: oriented
U.S.A. -South Tech.oriented 1948-71 93
U.S.A. -North Tech.oriented 1948-71 95
U.S.A. -West Tech.oriented 1948-71 45
U.S.A. Science oriented 1927-50 110
1948-71 45 -
U.S.A. Farm management 1948-71 110
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66 (1958), 419-431. ’

3. Griliches, 'Research Expenditures, Bducation and the Aggregate Agricultural Production Punction,' American Economic
Raview 54 (December 1964), 961-974.
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lﬁm Press, 1977), 29-59. .

R, W J. Ardila, A. Focha and G. Trujillo, 'Productivity of Agricultural Research in Colambia,' In Resource

Allocation and Productivity, ed. by Thomas M. Arndt, bana’ G. Dalrymple and Vernon W. Ruttan (Minneapolis: University .
of Minnesota Press, 1977), 86-123,
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Peru’ (Ph.D. dissertation, Princeton University, Princeton, N.J., 1972).
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Optimum and Minimun Size of Research Infrastructure

The information given above consistently shows that, considering its
potential contribution to development, research activities are receiving
inadequate levels of support. However, in our opinion, the most important
point is not the absolute level of resources invested in research and tech-
nology development. Rather, it is the relationship between totals resource
and tﬁe scale of operation of the different resegrch system. More specifi-
cally its is whether or not existing resources enable research activities to

sustain the minimum scales required for producing results.

Discussions on the scale of operations for research systems have been
almost totally dominated by that refered to the optimum scale of operations,’
wvhich is viewed as related both to internal aspects of the'research process
and to factors external to it (Binswanger 1978; Schmookler 1966; Pound and

Waggonar 1972; Evenson 1977; Idem 1978; Sehgal 1977; Horsfall et al 1975;

Ruttan 1978).

The major consideration for internal aspects is the opposing effect of
two different factors. First, there is the positive effect on research
productivity derived from the possibilities for exchange among scientists
and researchers in different disciplines and with different viewpoints.

This type of exchange also allows, in most cases, for major external savings
to be made (better use of experiments, etc.) on specific research projects.
Both considerations tend to increase the optimum size of research systems,

including their degree of diversification. The second group of factors
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tends to counteract this tendency. It involves the administrative and

institutional difficulties of managing large-scale research programel/.
Available empirical evidence is ;onflicting, Schultz (1971) and Evenson
(1971) lean toward economies of scale, especially the association of experi-
ment stations with research-oriented universities. By contrast, Kamien and
Schwartz (1975) and Schmookler (1966), as quoted by Ruttan (1978), indicate
that productivity --measured in terms 6f the number of patents per researcher--
is lower in large laboratories than in small laboratories. Supporting evi-
dence for this viewpoint, specific to the agricultural sector can be found in

Pound and Waggonar (1972).

As for external factors, the problem of optimum scale should be analyzed
from the perspective of the profitability of research investments, which is

related to the area of impact covered by the research (Binswanger 1978).

Nevertheless, for this discussion, we believe that the minimum size of
the research system is the best basis to judge whether or not resources being
allocated to research are presently adequate. This will frame the discussion
of current resources in terms of how much can be achieved with what its

available.

The minimum operating requirements of a research system cannot be as-

sessed . in abstract, as they depend not only on technical questions, but

1/ In connection with these problems, mention should also be made of the
difficulty of maintaining ties with the users of the research. These
difficulties grow larger and more complex when research systems diversify.
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also very importantly, on institutional considerations. These include the
breadth of the mandate the research organizations must cover, in terms of
both products and regions. The magnitude of minimum requirements is also
affected by the type of problem to be solved and the possibility of using the
information generated for other purposes, or of applying information availa-
ble internationally. It is also important to stress that the capability for
making use of research findings from abroad cannot be divorced from the capa-
bility for performing original research. Evenson and Kislev (1975) estimated
that for a low-increase country with average research capabilities, an in-
vestment of US$1.000 for research performed in other countries located in a
similar geographic and climatic zone,would produce annual benefits of
US$552000 for the receiving country. If the recipient country had no domestic
research capabilities, the annual benefits of the same investment would be
only US$1.700. This argument clearly demonstrates the importance and need‘
for achieving and sustaining minimum levels of investments in agricultural

research.

The objective of this paper is not to expound at length on the dis-
cussion of the minimum scale needed for a research system to work properly.
We lack the background and information to enter the topic. Consequently it
would not be possible to develop a serious discussion of whether or not
budgetary resources are adequate from this standpoint. However, given the
importance of the issue for proposing reinforcements for the operations of
national research systems, we believe it is appropriate to make brief, general
di;cussion of the subject, in an attempt to assess the current and potential

capabilities for maintaining a minimum research module.
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Table 5 gives an estimate of maintenance costs for a minimum research
module for a single product. If this estimate is compared with the current
budgetary levels in U.S. dollars (see Appendix 1), we find that only the larger
countries would be in a position to finance a broad coverage (multi-product?
research infrastructure. This is fully confirmed if we analyze the situation
for specific commodities, taking the figure of 1X of production value as a
basis for research investments. Appendix 2 presents production values for
six basic commodities from Latin America and the Caribbean (wheat, rice, corn,
potatoes, cassava and beans)l/. Of 114 production cases, only 40 yielded a
production value higher than level required for covering the costs of the
minimum research module. Oram (1977) reached similar conclusions after

analyzing national capabilities for funding research programs of different

sizes, on the basis of land surface area dedicated to different products.

PUBLIC V8. PRIVATE FINANCING OF AGRICULTURAL RESEARCH: IMPLIED ECONOMIC
FORCES

The discussion of financing mechanisms (First S8ection) showed that
budgetary resources for research have evolved over time. Increasingly,
funding schemes are directly tied either to the users or to the beneficiaries

of new technological findings.

The central consideration for private sector financing of research is
the possibility of appropriating a proportion of the economic benefits gener-

ated through the use of the new technologies. This proportion must be large

1/ Production value were calculated from average production and international
prices for 1975/1980.






Table 5.

ESTIMATED Q0S1S OF A MINIMIM RL:SEAPRCH MODULE FOR ONE Pmmé/
(mnmsm:s«rammrus. DOLLARS)

I. Direct research costs (60% of total budget) us$ 306
A. Personnel 245
1, 4 chief researchers, M.8. or Ph. D. '

B.

C.

2,

3.

3 person/years inplantb , agronomy
- and pest and disease control '
1 person/year equivalent in socioeconomics
and other specializations, according to
requirements (soils, physiology, etc.).
Total cost per person/year2/Us$ 30,000 120

8 specialists, university graduates. -
.Total cost per person/year US$ 12,500 100

Training

Calculated on the basis of 2x1 rate of
retention; total rotation every 15 years;
cost of US$ 100,000 per Ph.D. (M.S. 60%)
Total annual cost for a permanent team of 3
Ph.D. and 1 M.S. (approximately).

Services and Materials
Calculated as 12.5% of direct costs.

Bquipment
Calculated as 7.5% of direct costs.

23

II. General Costs and Administration.
(40% of total budget) 204
Includes Direction, support and services ‘(administration,
laboratories, library, ccummicatims, field, etc.).

A'

B‘.

Personnel 122

Calculated as 60% of general and adni.nistrative
costs.

Services and Materials .- 51
25% of general and adni.n.i.strative
costs.

Investments and Bquipment 31
15% of general and administrative
costs.

TOTAL BUDGET 510

Percent sunmary by broad luagetary items (approximate)

A
B.
C.

m:

Personnel 72.5%
Services and Materials 17.5% ‘
Innovations and Equijwent  10.0%

1/ The estimates w2re made using the budgetary structure of the
interuational agricultural research centers as a guideline, for
deter. ining the percent of each item of expenditure.

2/ Uss " was uixd as an avera for the different
o .0t region. The - ies plus
fue Tooor ~ion of UCT 1 below this average

koo ‘.i. . dncrease (. . of US$4,250 in the total

o
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enough to cover research costs incurred and this depends essentially on the
nature of the findings or products of the research process, and specifically
on their economic characteristics. In this sense, 'it is helpful to examine
two closely related questions: (a) whether or not the research findings

are likely to have economic value; and (b) whether or not this economic value

can be appropriated by specific economic sectors.

The Economic Value of Agricultural Research

In conceptual terms, all findings or products of the research process
have a potential economic value. However, certain characteristics intrimsic
to these findings determine whether or not they will have real economic value
in the marketplace, translated into a price. In general, this value is
associated with whether or not research findings can eventually be incorpo-
rated into physical inpuyts and capital goods. Capital goods and.inpute ca;
be subject to buying and selling and may be protected by patent and copyright
laws thus enabling the holders of the rights to enjoy exclusive use, Thus,

a proportion of the economic value generated by the new technology can be

transformed into private benefit through concessions for the use of patents

and the receipt of royalties, or through the pricing system itself.

The findings of scientific --basic-- research and of research and de-
velopment activities oriented toward improving productive processes, agrono-
mic practices, management, etc. have a different behavior in terms of the
possibilities of private appropriation of the economic value generated through
their use. In general new scientific findings are useful for highly diverse

situations and problems, and have no direct application to productive processes.
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This makes it difficult to determine their economic value. These findings
and information arve difficult to patent, and their use is practically cost-
free. In this context, scientific research findings are public goods, and
no economic agent can exclusively appropriate the economic value generated
by thenl/. This, added to high investment costs and the uncertain nature of

research processes, means that this type of activity can be of interest to

the private sector only under very special conditions.

By contrast, research findings related to organizational, techniques,
agronomic and management practices, etc. are generally tied to specific
productive process. Consequently, it is possible to determine quite pre-
cisely what economic benefits will be &erived from their -use (i.e. attach
an economic value to them). Nevertheless, because of the difficulty of
framing policies of exclusion for the use of these findings, the possi-
bility of the benefits accruing only to those who generated then are reduced
substantially. Thus, this type of information has the same characteristics

of a public good as the findings and scientific principles discussed above.

As a result, the private sectors are interested primarily in the former
type of activities: those that focus on commodities and/or inputs. Part
of the economic value generated by this type of fimding can easily be appropri-

ated and therefore the investments can be recovered. Activities of the other

type would be less attractive and would receive private sector attention only

1/ "Public goods" are those that once they are available no one can be
. precluded from enjoying them,whether he contributed to their provision
or not their essential characteristic is that they are enjoyed but not
consumed and that their benefits are derived without any act of appropri-
ation. (Steiner, 1977).
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in specific institutional situations. This point will be discussed in the

next section.

Risk, Levels of Investment and Private Interest

The general assertions discussed above may be altered by certain specific
characteristice of the research processes associated with the different types
of out put. This is particularly true for the risks involved in obtaining

results and in recovering investments.

The possibility that certain types of research will ultimately produce
results of economic value is uncertain. This would be the case of preliminary
research for exploring ideas and approaches that have intuitively practical
implications for solving productive problems. In other situations, such as
researéﬁ to generate know-how and methods for preventing the occurrence of
some given event, the uncertainty stems from the impossibility of determining
when the out put might be used so that the investment can b; recovered. These

factors have a negative effect on the private sector willingness to assume

the funding of activities, because the impact on profits is uncertain.

Another factor related to the interest an likehood of private sector
participation in funding research activities is the magnitude and complexity
of required investments and the scale of aﬁplication of findings. Certain
types of research require a critical masa_of physical and human resources that
can be provided only by the public sectof. The scale of application of the

findings has a substantial impact on the rate of recovery of research costs,
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and consequently on the extend to which the private sector is interested in
funding this type of activity, If the new technologies have a broad field
of application, benefits will be greater, and/or recovery of initial research
and development costs will be faster. As a result, investments will be more
profitable. Regardless of the economic nature of specific research out put,
if the application of findings is too narrow to emsure profitability, the

private sector will have no interest in taking part.

These characteristics show that the choice between public and private
financing depends not only on the characteristics and nature of research
findings, but also on the economic and political contexts in which research
unfolds. The possibility of private participation will be greater in larger
countries with more homogeneous production situations. This further under-
scores the problems discussed above. It is also clear that certain models
for organizing economic actiQities, such as multinational initiatives, offer
much broader alternatives than those which are limited to the national context.
These considerations form plausible hypothesis for explaining differences in
the degree of private sector participation in the different countries, and

the more dynamic nature of multinational enterprises in this area.

IS IT POSSIBLE TO DEVELOP MECHANISMS THROﬁGH WHICH THOSE WHO BENEFIT FUND
RESEARCH?

In the previous section, we discussed the economic characteristics of
different types of research, and their implications for research financing.

The arguments indicate the possibility of private sector participation in
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funding certain types of research, particularly those related to technological

areas where private appropriation of benefits would eventually be possible.

In this section we will evaluate this possibility, analyzing the insti-
tutional mechanisms needed to make it work. First, the discussion will cover those
processes through which research produces benefits, and the principles that
guide the distribution of those benefits among the different economic sectors.

The discussion will then move specifically to the limitations and real possi-

bilities of having potential beneficiaries pay research costs.

Economic Sectors Participating in the Distribution of Agricultural Research
1/

Benefits—

In general terms, the benefits of research consist of increased economic
surpius as a result of production cost reductions through technical changeg/.
This process takes place through a shift to the right in the supply curve for"
the commodity undof consideration; thereby permiting reduced production costs
and increased consumption levels. Both processes imply rising levels of

economic activity and, consequently, an increase of the well-being of society,

This process is shown in Figure 1 (a). Line AD is the demand curve, and

line CO is the supply curve before technological change. In this situation,

1/ For a detailed discussion of the generation of economic surplus and the
mechanisms for appropriating them, see: Trigo, Pifieiro and Ardila, 1982,
Appendix 7:497,

2/  Economic surplus is understood as the difference between social value and
social costs of producing and consuming a given quantity of the commodity.
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Ql is the quantity being produced for price Pl’ and the total economic surplus

1/

consists of area ABC—' . Technological change displaces the supply curve to
CO', generating a new equilibrium situation with a higher quantity Q, and a
lower price P2. In the new situation, the economic surplus is AFC, and area

CBF is the net increase in the surplus produced by technical change.

The economic surplus generated by research through technical change is
distributed among five different economic sectors: Consumers; Agricultural
Producers; Landowners$ Producers of technological inputs (hybrid seed, machinery,

fertilizer, agrochemicals, etc.); and Rurél Workers.

The proportion of total benefits of the technical change that accrues
to each sector depends on the shape (basically, elasticity) of the supply and
demand curves, the type of technology iﬁvolved, and the structure of the

market for inputs and products.

From the point of view of the discussion of research funding schemes

and alteynatives, there are three distributive conflicts that should be considered.

(a) Between producers and consumers. That is what proportion of economic

surplus flows toward the consumers in the form of prices and higher consumption,
and how much is obtained by the producer sector? Given a supply situation |
(changes), the distribution of surplus will depend on the elasticity of the

demand curve for the commodity in question. When the demand for the good is

1/ This analysis is based on the assumption that the demand curve reflects
the commodity's marginal utility for consumers; and the supply curve
reflects the marginal opportunity costs of resources used in production.
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wre elastic (inelastic), price changes produced by supply increases are
smaller (greater) and the benefits to consumers are greater( smaller) than

those to producers,

Figure 1 illustrates several possible situations, on the basis of different

elasticities of demand.

(b) Between farm producers and manufactures of technological inputs

The key point in this equation is the ability of those who produce the
strategic input to protect the know-how incorporated into their product through
patents, brands or other mechanisms of';xclusion for the use of the input. If
this protection is possible, input suppliers obtain a certain degree of oli-
polistic power (momopolistic in the extreme case of total protection). Under
this market structure suppliers will have the ability to set input prices above
production costs, thus securing part of the surplus generated by the use of the
inpu; in the productive process. Through this process, part of the surplus
obtained by the producer sector will be transferred via the higher input prices
to input producers. This higher input prices, vis a vis those that would
prevail in a perfect competition situation, limit the adoption of the new

technology, and the total surplus generated by technical change thus falls short

of meeting its potential.

Briefly, when input producers are able to protect the know-how incorpo-

rated into their goods, the total surplus generated by technical change is less

oLl s

LY
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than when the new know-how is available free of charge. This sector also has
the capability of appropriating part of the surplus of the producing sectorl/.
However, in a temporal context, these effects are dependent on the effective
capacity to protect new knowledge through patents and brands; in general, this
capacity diminishes as the period of analysis is extended.

2/

(c) Between producers (as entrepreneurs) and landowners—

The distribution between these two groups deﬁends essentially on the
impact that the new techniques have on the ﬁroductivity of other production
factors. This, in turn, depends on the tyﬁe of technology in question, and
the relative availability of each factor (mainly land, caﬁital and business
skills) . Because most of the countries are faced with long-term absolute
limitations on land availability, all benefits generated by technical change

are appropriated by landowners thyough increases in the ﬁrice of land.

How the Economic Surplus Generated py Technical Change can be Channeled

Toward Research Funding

Three economic sectors must be considered in determining how to connect
economic surplus with research funding. They are: consumers, input producers,

and agricultural producers which includes landowners.

1/ " The consumer is also affected through the reduction of total economic
surplus.
2/ This distinction between producers'and landowners is of strictly academic

value for cases in which the producer is also the owner.
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In wmost cases, the consumers ave the major beneficiaries of technical change
processes. However, from the institutional standpoint this is the most diffi-
cult sector to involve directly in yesearch funding. The major drawbacks are
the nagnitude, dispersion and poor organization of the sector, and the minimgl
size of the benefits that accrue to each individual consumer. Another diffi-
culty is that they very seldom relates the benefits obtained'(lower prices, better
product quality) to technical change and the research which produces it. This
means that the needed surplus must be obtained through indirect mechanisms. The
primary alternative is the use of traditional mechanisms for allocating resources
from national budgetl/.

In the case of agricultural producers, it is more feasible to channel the
surplus generated by technical change toward research funding. However, there
are certain limitations, similar to those that block consumer contributions. The
major problem is the relative difficulty of demonstrating the exact relationships
among research, technical change and economic surplus. Consequently, producer
interest in research activities has been relatively low, and has been limited
chiefly to crisis situations (pests, etc.). These constraints have at times been
used to justify the indirect mechanisms traditionally adopted. Over the long
term, all economic surplus generated by Fechnical change generally accrues to
higher land prices. Thus, land taxes appear as a viable mechanism for redi-

recting surplus toward researchz/.

1/ The means by which the consumer sector obtains surplus generated by technical
change is such, that broad political support for research activities is
difficult to obtain. This has been put forward as one of the fundamental
causes of unstable budgetary support for research activities( see First Section).

2/ Naturally, this is collected in addition to the general income and profit
taxes paid by producers as economic ag *-.
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Other alternatives geared toward obtaining part of the economic surplus
generated by technical change are also hvailable; they depend however on the
nature of the markets in which production is sold, and on certain character-
istics of the economic and institutional structure of the agricultural sector.
The case of INTA in Argentina illustrates one of these possibilities. Because
a considerable percentage of agricultural production goes to the foreign
market, the agricultural sector confronts a highly elastic demand, thus any
shift supply benefits mostly the producing sectorl/. In this economic frame-
wrk, an export tax serves to capture part of those benefiteg/.

A second situation occurs when institutional formats bring together
different groups or sub-sectors of agricﬁltutal producers, thus facilitating
an awareness of the importance of research and its close ties to the generation
of écononic surplus, This paves the way toward institutionalization of direct
financing mechanisma. Examples of these possibilities include FEDERACAFE and
CENICARA en Colombia, and CEPLAC in Brazil, They appear to be related to
certain characteristics of the products in question (for export), the degree
of regional concentration of production, and the homogeneity of the producing
sector (Pifieiro and Trigo, 1983). This alternative may take the form of

specific taxes for research or allocations from promotional funds, fed by

1/ This is the case in the Argentine economy. Taking the market as a whole

into consideration, foreign consumers enjoy a certain percentage of the
total benefits. However it is impossible to involve théese consumers in
funding the research conducted in Argentina.

2/ This same type of economic alternative is available in cases that have

a broad potential for import substitution. In this situations, production
expansion has no substantial impact on domestic prices, and the producing
sector captures benefits of technical change.
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taxes of direct producer contributions. It also provides better opportunities
than the national institutes for establishing ties between producers and
researc 1/.

In this context, mention should be made of the experience of the Regional
Consortia for Agricultural Experimentation (CREA Groups) in Argentina and other
Southern Cone countries. In this case, producers participate directly in the
dissemination of new technologies by setting up producer groups that fund
technical assistance and horizontal exchaﬁge of technology. On ocassion they
also participate in testing and adapting certain technologies to the specific
conditions of each producer group (especially for agronomic and management

practices).

The discussion of the case of the producers of technological inputs must
distinguish between two situations essentially related to the nature of the
input markets involved. In the first situation, if markets operate under
standards of perfect competition, research costs are reflected in the input
suppl& curve and are passed on through prices. The magnitude of increase
depends on the shape (elasticity) of the demand curve. Increases in input
prices reduce the level of adoption, and the technical change will produce
a smaller surplus than if the research had been conducted by the public sector.
In suéh a case, an alternative finance mechanism is a system of research
subsidies that prevent research costs from being on input prices. The

advisability of this type of alternative must be assessed in terms of the

1/ The observed imperfect ties appear to be related to how the research
institutes are organized, rather than what financing mechanisms they
use. However, the comprehensive nature of these financing mechanisms
has made it difficult to use funding for connecting research to research
users (Pifieiro and Trigo, 1983).
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magnitude of the subsidies needed, by comparison with surplus lost through

higher input priceel/.

The second situation involves cases in which input markets operate under
oligopolistic or monopolistic conditions. Here, input prices do not respond
to production costs or research and development costs, but instead are deter-
mined on the basis of the degree of monopoly held by the producing firm. In
these cases, the operation of subsidy mechanisms is very limited. The alterna-
tive would be to establish tax plans based on the economic benefits (earnings)
of enterprises. This would make it possible to recover part of the surplus
appropriated by the producing enterprise, without imposing total losses of the

surplus resulting from higher input prices.

A final consideration related to the discussion about how the economic
surplus generated by technical change can be channeled toward financing research,
refers to the long-term nature of this type of activity. This means that while
research costs are incurred in the present, research results must wait for the
future. This temporal dissocjation between financial requirements and the v
impact of activities is one of the features generally associated with the
limited political support that research has received. Traditional research

financing schemes, based on public funds (annual allocations from the national

1/ while not directly related to the appropriation of surplus, another aspect
to be considered is that this type of subsidy can facilitate the decentra-
lization of certain phases of the process of developing new technologies.
This gives them greater competitive potential and keeps them more closely
in touch with the problems and needs of productive processes. An important
discussion in this area is that of policies on brand names and patents for
technologies developed under subsidy, as the possibility of taking out a
patent would incorporate imperfections into the market operations by allow-
wing input manufacturers to recover part of the economic surplus generated
by technical change by raising prices.
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budget) mean, in fact, that the income from today's taxpayers is being trans-
ferred or forcibly used to subsidize future generations. Another alternative
would be the use of medium -and long- term credits to finance research. This
means that those who actually benefit from the new technology would assume the
cost of generating it. However, it would intesify one of the problems already
facing research in Latin America: too little contact with the potential users
of technology which could provide a basis for selecting pridrities and providing
the system with feedback. Indeed, financing through credit weakens the ties'"
between research organizations and users of research and complicates the ability
of researchers to follow up on the effectiveness and relevance of the innovative

process.

OPERATIONAL ALTERNATIVES: INSTITUTIONAL AND PROJECT FUNDINGL/

In Latin America, the basic mechanism for funding agricultural research
has been at the institutional level. In this format, resources are apportioned
to support the research program of a research organization, in accordance with

the budgetary needs of their operations.and overall programs.

In recent years, several countries have introduced modifications that
incorporate increasingly project funding schemes. In these, funds are
aliocated to researchers or research teams on the basis of specific research
proposalazj.

1/ This section builds upon some of the ideas presented by Ruttan 1982,
Chapter 9.

2/ In general terms, this financing mechanism was limited to research
situations by special order (from industries, guild associations, etc.)
or those funded by National Science and Technology Councils as part of
their general support programs for scientific activities. Historically,
none of these alternatives has provided large amounts of funds, either
public or private, for agricultural research.
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Both alternatives have advantages and disadvantages of an administrative
and managerial nature, as well as profound long-term implications for re-

search priorities and institutional organization.

Advantages and disadvantages from the Point of View of the Use of Resources

Available for Research

In the area of administration and management, institutional funding
involves fewer administrative costs per unit of resources used for research
(Ruttan, 1982), Similarly, this format minimizes the time researchers must
spend in obtaining funds to support their projects (Bredhal, Bryant and
Ruttan, 1980).

The major advantage of financing by project is the increased ability
to mold research programs to the needs of specific users and, consequently,
the possibility of maintaining better and more direct ties with them. This
format can help eliminate the barriers between research institutes and pro-
ductive sectors, which is one of the causes of the loss of political support
that has affected research in recent times. At the same time the greater
flexibility of the system is an important feature for attracting specific
resources that otherwise would not be channeled to research. This feature
is oﬁ;importance in as much as it possisilitates a better use of the research
caﬁabilities existing in organizations which are not oriented toward research
as a'high priority activity, but which héve human and institutional resources

*

useful for developing this type of activity. In Latin America, this is a

particularly important possibility for universities; since the fact that they






have large contingents of human resources, they do not received the budgetary
support needed for effectively incorporating research into their educational
activities. In this sense project funding permits a feer flow of resources
and better use of certain existing resources. However, it does not appears

as effective in assuring the development of certain types of basic research,
or the endurance of long-term programs in specific areas. Concrete examples
of this problem suggest that institucional financing schemes, have special
advantages, as seen with coffee in Colombia and Costa Rica, ‘cacao in Brazil,
rubber in Malaysia, etc. (for products), and the experiences of international
centers financed by the Consultative Group on International Agricultural kxe-

search (CGIAR).

Finally, the systems that rest primarily on institutional support tend
to generate a high degree of self perpetuation in research programs, something
that has been pointed up as one of the main causes for the loss of contact
with user groups. The greater flexibility of the project financing system
facilitates the incorporation of new areas of scientific and technological
interest. Thus offering an important alternative for counteracting these
"geriatric" tendencies and orienting research more effectively toward solving

production problems.

Long-Term Effects on Research Priorities

The different funding systems discussed have important implications for
the composition of the research package and the organization of the research

system. These implications are based on the different institutional location






39

of decision making on research priorities. In the case of institutional fund-

ing, these decisions are made by the research organization, which submits a

comprehensive program of activities which is rarely viewed as a central point
1/

in discussions of the amount of budgetary allocations— . With project funding,

decisions on what will be researched are closely tied to the funding source.

These differences have an important impact on the continuity of research
programs and the possibility of ensuring a proper balance between the different

types of research and/or the needs of the different users.'

In the case of institutional funding, this is done through the process
of planning and allocating priorities for the agricultural sector. Formally,
this process is the responsibility of the planning agencies, but in practice,
the rgsearch institutes have considerable independence for decision-makingg/.
This'ﬁas made it possible to maintain a'certain continuity in research programs,
even though in many cases, they may have been discomnected from national pri-~

orities in general, from agrarian policies in particular, and from the priori-

ties of users.

Project - based funding schemes tends to fragmeant decision - making on
research priorities. It therefore introduces the need to develop

alternative mechanisms for maintaining consistency among research

1/ Given the nature and origin of public resources used for research, these
discussions are traditionally dominated by overall fiscal considerations
such as intersectoral allocations, target levels for the fiscal debt, needs
for obtaining foreign exchange, etc.

2/ This trend has been reinforced because a high proportion of total resources
for the research go into the budgets of national institutes; similarly, the
institutes have been relatively independent from scientific and technologi-
cal planning agencies. For a more ¢ nrssion of these consider-
ations, see Pifieiro and Trigo, 198?
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programs nnd keeping them relevant to overall policy objectives. The current
trend toward the establishment of Research Councils seems to provide an ap-

propriate framswvork for maintaining the capability to orient the full array
of activities in the systems and strike a balance among the various types of

research and the needs of users.

SOME FINAL CONSIDERATIONS

The problems of funding research in Latin America can be synthesized in
two issues closely interrelated. The first involves the amounts of budgetary
support received for research activities during the past twenty years. The
second involves the nature of the mechanisms through which funds are made to

flow toward research activities.

The analysis of the budgetary allocations to agricultural research for

the entire region during the last twenty years shows, for the overall period,

a dramatic expansion. However, the picture is strikingly different if the
particular situation of each country is examined. Different conclusions are
also reached if the analysis is done for subperiods or on annual basis. For
some countries, the trend toward budgetary growth in the nineteen-sixties gave
wvay to situations of stagnation, and even cases of market breakdown in the
seventies. The analysis on annual basis shows extreme variations in the levels
of financing available for research; this fact has serious implications, given
the long run nature of research activities and its relative inflexibility in

terms of year to year program adjustments.
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At the same time, a comparison between the levels of investment in Latin
America and other regions of the world, and an analysis of the profitability
of research investments suggest that the region is underinvesting in this type
of activity. Moreover, if available budgets are compared with the requirements
of a minimum research module, it becomes clear that, in many Latin American
countries, available financing is inadequate to maintain research infrastruc-

tures with a realistic chance of success.

This situation can be interpreted as an indication of a relative lack of
interest of the governments in agricultural research activities. Such an attitude
may have serious implications in the future given the severe fiscal crisis

being faced by most countries in the region.

From the standpoint of origin an mode of financing, the most common
mechanism has been institutjonal financing based on public resources in the
form of annual allocations from the national budget. This format has placed
agricultural research in direct competition with other activities in the public
sector. Growing fiscal deficit in these countries, and the long-term nature of
research activities, as compared to other more pressing needs, are one expla-
natioﬁ for the loss of budgetary support experienced during the past decade.
The emergence of alternative financing schemes, such gpecific private sources
and fun&ing by projects, may be interprefed as a response to these situations,
The‘ne; formats offer alternatives that in principle may solve some of the |
problems related to the breakdown and instability of research budgets. However,
certain issues must be taken into consideration in designing financing mecha-

nisms for the research of technology system.

1
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In the first place, the participation of private sectors concentrates on
certain types of products and specific institutional situations (export goods,
and the presence of producers organizations),.that permit and adequate private
profitability of the investments made. Also private participation tends to focus
on certain types of research (applied and adaptive) and on those activities which
are more closely related to the development or improvement of inputs, capital

goods and in general technologies used by the more economically developed sectors.

A second and closely related point to consider in this discussion is the
closeness of ties that bind together the different types of research in the
process of developing new technologiesl/. The financing mechanisms must be able
to ensure that all these types of research will be undertaken, otherwise, the

potential of the total system and its capability for generating concrete techno-

logical solutions to productive problems would soon be exhausted.

As a result of these elements public participation has great importance,
both for providing service to the small farm sector, and for maintaining the .

overall productive capacity of the technological system.

There are several mechanisms by which private participation can be imple-

mented. The key issues for the discussion of this topic are the advantages of

1/ Scientific knowledge and principles are the building blocks of technolo-
gical potential, which then goes into specific technologies (inputs, pro-
cesses, products). These relationships must interact, providing one an-
other with feedback as part of an ongoing cycle in which the former provide
the overall framework and constraints for the process of developing new
technologies, while the latter pose new questions and supply information
for validating and improving basic knowledge (for a discussion of these
interrelationships, see: Evenson 1971; and Arndt and Ruttan, 1977).
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different policy tools (specific taxes, credits, etc.) under different circum-
stances, and the institutional formats under which they can be used without alter-

ing long-term objectives and the productive capacity of the technological system.

The lack of budgetary support that haunts agricultural research in Latin
America and the Caribbean has been attributed to different causes. These include
the economic restrictions and fiscal crises which have plagued the countries of
the region, and the common perception that research activities are ineffective

and unrelated to production problems.

These difficulties, especially those related to the orientation of research
activities, may be related to certain characteristics of the existing insti-
tutionai models. These models tend to minimize contgct with specific technology
users, in favor of a centralized organization designed for making more efficient
use of the few available resources. This strategy may have been unavoidable
given the budgetary constraints faced during the initial stages of the develop-
ment of the institutes, however it also contributed to the weak development of

the political support needed for the consolidation of research organizations.

Recent trends show that if more flexible schemes,such as funding by projects,
can be incorporated, research programs could be streamlined and the resources
availasle for agricultural research could:be increased. However, it is important
to stress that these funding schemes, based on specific projects, tend to fragment
the capacity of the research systems, they hinder long-term research programs,
especially for basic research, and also tend to interfere with the setting of
research and development priorities on the basis of the countries overall develop-

ment objectives.
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Looking ahead, in view of past experiences and future requirements, the
central issues in reference to the funding of agricultural research appears
to be how to improve the level and stability of financing for research activi-
ties. In doing so, there is no doubt that private participation and more
competitive schemes, such as funding by projects,offer valqable alternatives.
However, it is also clear that private participation cannot replace public
funds, and that project funding do not eliminate the need for effective insti-
tutional support. The central point is that institutional proposals must be
designed so as to make use of the advantages of each scheme for improving the
levels and stability of funding. At the same time, they must ensure a researéh
package that will maintain a proper balance between the different types of

research and technological needs of different agricultural sectors.

= mem e
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MPENDIX 1: IATIN AMERICA AND THE CARIBBEAN: BUDGETARY RESOURCES FOR AGRICULTURAL
RESEARCH IN 1980.

THOUSANDS CF U.S.

DOLLARS

Zone and country

Budgetary resources
(Thousands of dollars)

NORTHERN ZONE

Costa Rica 2.083
El Salvador 2,875
Honduras 979
Mexico 66,155
Nicaragua 1,815
Guatemala 5.785
Panama 2.255
CARIBBEAN ZONE

Barbados 901
Haity 200Y/
Jamaica 770
Surinam 248%/
Grenada 206
Guyana 419Y/
Trinidad & Tobago 771
Dominican Republic 2.336
ANDEAN ZONE

Bolivia 3,292
Colambia 42.610
Ecuador 6.857
Venezuela 39.171
Perd 4.355
SOUTHERN ZONE

Argentina 152.410
Brazil 142,317
Chile 12.866
Paraguay 6.547
Uruguay 847
NOTES:

1/ 1978
%/ 1974
3/ 1977

SOURCE: Pifieiro and Trigo,1983 , Chapter 10, Appendix l; Oram and Bindlish, 1977.
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APPENDIX 2: PRODUCTION VALUE OF WHEAT, RICE, CORN, POTATOES, CASSAVA AND BEANS
FOR COUNTRIES OF LATIN AMERICA AND THE CARIBBEAN

AVERAGE FOR 1956-1980.

DATA IN THOUSANDS U.S. DOLLARS

Zones and Countries Wheat

Rice Corn  Potatoes Cassava Beans
NORTHERN ZONE S
Costa Rica - 59.332 9.639 2.775 3.586 7.873
El Salvador - 16.626 54.740 1.332 2.527 23.352
Honduras ‘ 147 9.128 42,126 555 1.712 23,908
Mexico 397.929 156.480 1.097.180 83.916 5.151 479.828
Nicaragua - 21,842 23.443 222 3.847 29.079
Guatemala 7.644 10.758 97.818 5.550 1.891 42,256
Panama 59.658 8.330 1.221 6.520 2,129
CARIBBEAN ZONE
Barbados - - 179 - 163 -
Haity - 37.164 22,372 888 32.682 26,132
Jamaica - 1.304 1.309 1.221 3.423 -
Suriname - - - - - -
Grenada - - 119 - - -
Guyana - - - - - -
Trinidad & Tobago - - - - 815 -
Daminican Republic - 106.602 5.355 2,664 28.574 21,217
ANDEAN ZONE
Bolivia 8.350 33,904 38.437 84.582 44.499 1.112
Colambia 6.659 : 545.398 98.770 197.469 . 343.115 41.700
Ecuador 5.954 109.536 28.203 44.955 49,389 15.568
Venezuela 147 167.564 82.467 21.423 58,517 25.576
Peru 16.905 166,912 73.780 184.371 68.297 30.580
SOUTHERN ZONE
Argentina 1,198.050 101.386 925,582 175.824 35.860 101.748
Brazil 374.556 2.749.810 2.055.963 212.343 4.111.512 1.177.608
Chile 120.687 36.838 41,293 89.910 - 52.820
Paraguay 4.998 20.212 51.884 666 280,360 31.136
Uruguay 49,333 75.958 16.898 15.207 - 1.573

SOURCE: Conpiled on the basis of data from FM ~~~inction yearbooks.

NOTE: A hyphen (-) means that data were not

—.ee Or did not exist.
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