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FOREWORD

Since the 1970s, there has been growing interest in Latin America and the Caribbean
(LAC) in terms of multinational agricultural research. In the late 1960s and early 1970s,
the creation of three international centers of the Consultative Group on International
Agricultural Research (CGIAR) —the International Center for Tropical Agriculture (CIAT),
the International Potato Center (CIP) and the International Maize and Wheat
Improvement Center (CIMMYT)— along with the impact of these centers on national
research organizations or entities, once again raised the question of the relationship
between the actors.

The 1980s ushered in a new form of cooperation and interchange between national
actors, which focused attention on the transnational level, in particular on the subregion-
al multithematic networks of national agricultural research institutes (NARIs) and hori-
zontal, reciprocal, cooperative research and technology transfer programs (PROCIs).
These include the Cooperative Program for the Development of Agricultural Technology
in the Southern Cone (PROCISUR), the Cooperative Agricultural Research and
Technology Transfer Program for the Andean Subregion (PROCIANDINO) and, most
recently, the Regional Program to Upgrade Agricultural Research on Staple Grains in
Central America and Panama (PRIAG) and the Cooperative Program on Research and
Technology Transfer for the South American Tropics (PROCITROPICS).

Other processes of evolution and change have chipped away at the long-standing
regional research model developed after World War Il. Originally built around the NARiIs,
this model was later extended to include the concept of national systems. These
processes include the following:

1. The factors associated with the demand for know-how have led to an- enormous
expansion and diversification in scientific and technological requirements. Population
growth, rapid urbanization, economic growth, and industrialization based on import
substitution all fueled the diversification and expansion of agricultural production, and
the settling and incorporation of new agroecological areas. This brought more het-
erogeneity in the scale and systems of production and, subsequently, competitive
pressures resulting from economic opening and the creation of tariff unions.

2. On the other hand, the new need to ensure the sustainability of complex production
systems and the socioeconomic, organizational, and management aspects of both
production and technology led to growing diversification allied to the new scientific-
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technological paradigms such as biotechnology and informatics. Other new fields
and problems related to genetic resources, biodiversity, biosafety and, increasingly,
intellectual property also emerged. At a more general level, the agroindustrialization
of agriculture is fueling the development of innovative systems that, while highlighting
the pivotal and strategic role of technological know-how, are altering its nature,
sources, and insertion into production. One of the net results has been that the inter-
action between technological actors, and between them and the productive sector,
has become more complex and demanding.

. With regard to supply, national government-funded institutes were impacted by the
structural adjustment processes and the downsizing of the state apparatus and its
functions. As a result, they were no longer in a position to continue expanding their
efforts, as they had in previous decades, to meet new demand. Although this was off-
set in part by the emergence of and increase in new actors and types of national enti-
ties (e.g., private research centers and universities), projections of the needs and the
demand for know-how have outstripped countries' capacity to respond.

. The fact that much of the technology produced (especially agronomic and manage-
ment-related outputs) evidently pertains to the public domain, the focus of most of the
NARIs' efforts, means that research expenditure generates what economists call
*externalities” or outputs that are of use to third parties. Technologies can have alter-
native applications or a spillover effect from which other countries benefit. Given the
significant agroecological and socioeconomic similarities between countries in the
region, this is often the case.

This juxtaposition of an increase in the demand for technology and know-how and
reduced or frozen capacities has resulted in the inefficient fragmentation of available
expertise. International collaboration can therefore go a long way toward solving the
problem, as the distribution and pooling of efforts increases total capacity.

. Cooperation also offers other potential benefits, such as economies of scale through
the formation of critical mass for addressing problems and the introduction of more
efficient institutional arrangements than the existing research and transfer mecha-
nisms.

. Transnational cooperation works not only for public goods but also as a mechanism
for the negotiation and sharing of private goods. Germplasm is a case in point.
Lastly, national institutions and financial entities such as the Inter-American
Development Bank (IDB) and technical cooperation agencies like IICA have empha-
sized the importance of muitinational cooperation on research.

While transnational cooperation in the region has had a significant impact through
international and regional centers such as the Tropical Agriculture Research and
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Training Center (CATIE) and the Caribbean Agricultural Research and Development
Institute (CARDI), as well as different networks such as those of the United Nations
Food and Agriculture Organization (FAO), the Inter-American Institute for
Cooperation on Agriculture (IICA), and the PROCIs, the scale of these efforts is still
relatively small in comparison with the combined capacity of all the countries. There
are a number of reasons why the growth of the transnational effort has been limited.
These include the inertia and weight of the traditional reliance on national endeavors,
a certain resistance to change, and the dearth of resources, mechanisms, and guide-
lines for efforts of this kind.

At several meetings, national and regional entities and the 1DB discussed the impor-
tance of and urgent need to establish priorities that would pave the way for new devel-
opments. In late 1992, this resulted in an lICA/IDB Project (ANT/SF-3410). This project
was executed jointly by the IDB (which provided funding, counterpart personnel, and
coordination) and a team of lICA experts through the former Program Ii: Technology
Generation and Transfer! . Under the direction of Dr. Eduardo Trigo, in association with
a group of technical experts from the region, this project was entrusted with laying the
foundations for the effort.

The project personnel recognized that the work posed a double challenge. It pre-
supposed the need for a substantial technical effort to identify the areas where joint action
would be useful or beneficial to those involved, and to the region as a whole. It also
called for institutional processes and mechanisms that would make it possible to discuss
and reach agreement on effective decisions on priorities based on the above. The pre-
sent book, prepared by IICA External Consultant Manoel Tourinho, contains much of the
work carried out to achieve both objectives.

It includes a proposal for an interagency consultative mechanism to define research
priorities and resources. In addition to describing how the mechanism would operate, it
deals with the complex issue of relations between the levels (i.e., regional, subregional,
national, and subnational), agencies, and participants involved in the priority-setting
process. An innovative scheme is proposed that would harmonize the subnational and
national levels with the subregional and regional levels.

This proposal was discussed at a joint meeting of PROCIANDINO, PROCISUR, and
PROCITROPICS in Santa Cruz, Bolivia, in December 1993. The meeting was also
attended by representatives from the international and regional centers, the IDB, IICA,

1 The Directorate of Science and Technology, Natural Resources and Agricultural Production (Area of Concentration I1)
executes the actions that were previously the responsibility of Program II: Technology Generation and Transfer. Since
this document was completed at the end of 1993, no reference is made to lICA's new institutional structure as pro-
vided for in Executive Order 01/94 of October 12, 1994, which sets out the guidelines established in the 1994-1998
Medium Term Plan.
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and the International Service for National Agricultural Research (ISNAR). The ideas put
forward were the subject of lively discussion and there was clear consensus on the impor-
tance of the subregional level and the PROCIs, which would be expanded to include new
actors. These strategic bodies would be responsible for identifying and reaching agree-
ment on transnational priorities.

The meeting paved the way for a second phase or project that will identify and nego-
tiate specific transnational priorities for the region and, over the longer run, will address
the methodological training of technical staff and the generation of appropriate informa-
tion systems.

in publishing this document, IICA is pleased to be able to contribute to the identifica-
tion of research priorities and resources.

This book summarizes much of the work done to meet both challenges.2

Chapter 1 presents the results of the institutional inventory of resources, capabilities,
and areas of concentration in agricultural research entities in Latin America and the
Caribbean. A comparison of these resuits with those obtained by the International
Service for National Agricultural Research (ISNAR) in the early 1980s reveals a serious
problem in the NARIs that threatens the development of the capabilities that will be need-
ed if the countries of the region are to meet the challenges of innovation. It also shows
that several institutions are involved on multiple work fronts.

In Chapter 2, Philip Pardey and Stanley Wood discuss the nature and problems of
agroecological zoning in the region, as well as current efforts and opportunities in this
field. They offer a method for demarcating, by homogeneous geographic areas, the
effects of technologies and technology spillover. This will make it possible to predict the
direct impact of technology more accurately, to formulate solutions to specific limitations,
and to evaluate more clearly the transfer of research findings. The authors propose a
participatory plan for work among several entities, with a view to improving zoning efforts.

Chapter 3 offers a summary of the work done by a technical group made up of rep-
resentatives of five institutions in reviewing the model developed by the Technical
Advisory Committee (TAC) of the Consultative Group on International Agricultural
Research (CGIAR) for prioritizing agricultural research. The group identified weakness-
es in the model in terms of its coherence and applicability, and its failure to consider the
future. On the basis of these weaknesses, the group described and partially tested, for
purposes of illustration, an adjusted version of the prioritization model.

2 Other efforts are described in the book Propuesta de un mecanismo de consulta interinstitucional para definir priori-
dades y recursos para la investigacion agropecuaria (ICA 1995), written by Manoel Tourinho, an external consultant.
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In Chapter 4, Rafael Posada and others describe an exercise carried out in Colombia,
Ecuador, and Venezuela to identify priorities, as well as the results of same. On the basis
of previous experiences, five commodities of interest in the subregion were given priori-
ty: rice, corn, cassava, tropical fruits, and livestock. Also, a methodology for selecting
one priority topic related to each commodity was implemented. Project profiles were then
formulated and an institutional organization mechanism was proposed for structuring and

executing each one jointly.

In Chapter 5, Hector Medina Castro presents the results of a study aimed at identify-
ing agricultural research priorities by commodities in the countries of Central America
(Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and Panama) between 1990
and 1992, by applying a methodological approach or scoring model. Basic elements are
identified for analyzing the priorities and putting them in context, the specific methodolo-
gy used in each country is formulated, and the results obtained are presented.

Chapter 6 provides a summary of the work done by a team of representatives from
the National Institute of Agricultural Technology (INTA) of Argentina, the Brazilian Institute
of Agricultural Technology (EMBRAPA), and IICA, under the technical coordination of
Eugenio Cap, to develop and test the production of agricultural surpluses by technology
(PEAT) model. This is an innovative instrument for the ex-ante evaluation of alternative
lines and strategies of research, providing bases for maximizing the allocation of the
internal and external resources of research institutes.

The PEAT methodology differs significantly from that used in previous models in that
it supposes the existence of several levels of technology at the farm level and recognizes
several levels of aggregation. The PEAT methodology was applied to four lines of wheat
research common to INTA and EMBRAPA, and generated different cost-benefit options
depending on the type of organization adopted. The results in particular, and the method-
ology in general, generate a base for creating institutions aimed at improving the alloca-
tion of resources for research, such as cooperation among entities and competitive bid-

ding.

Together, these research efforts provide criteria for the complex topic of setting prior-
ities, which involves, in addition to methodologies, information and qualified technical
teams, issues related to institutional organization, decision making, and political will. 1ICA
is pleased to present these works and to make them available to interested readers.

Eduardo Lindarte
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INTRODUCTION

The present document presents the main results of a project entitled Inventory of
Resources, Capabilities, and Areas of Concentration in Agricultural Research Institutions
in Latin America and the Caribbean (LAC) carried out under the IICA/BID Agreement
“Program for the Identification of Technical Agricultural Investigation and Development on
the Regional Level.”! The objective of the inventory was to identify and update knowl-
edge on the most important capacities, resources, and work areas in the regional
research system, as well as on major technological limitations in agriculture. A comple-
mentary objective was to identify the human capabilities and experience relevant to pri-
oritizing research.

METHODOLOGY

Population and Unit of Analysis

Agricultural and forestry research institutions in Latin America constituted the unit of
analysis for this study. This population is comprised of various layers or subpopulations:
(a) national agricultural research institutes (NARIs) or their functional equivalent (central
research programs), (b) official public institutions related to natural resources or forestry
research, (c) other public agricultural research institutions, (d) universities, foundations,
and private, semiprivate, or union organizations that carry out agricultural research, and
(e) regional and international research centers.

Due to the broad scope of the inventory (the entire LAC area) and the short amount
of time available for executing the inventory, it was not feasible to identify the population
prior to designing the method of collecting the information. Rather, this stage was com-
bined with the field stage, which was the responsibility of the organizations and individu-
als in charge of collecting the information.

1 The first draft of this work was presented at the end of 1993 under the title “Results of the Inventory of Resources,
Capacities, and Areas of Concentration in Agricultural Research Institutions in Latin America and the Caribbean.”



18 priorities for agricultural research in LAC

instrument

In December 1992, a team of experts in priority setting from the Colombian
Agricultural Institute (ICA), the Ecuadorean National Agricultural Research Institute
(INIAP), the INTA of Argentina, the Brazilian Agricultural Research Company (EMBRA-
PA), and IICA Headquarters in Costa Rica designed the basic questionnaire and instruc-
tions for its application. The questionnaire was then edited and translated into English by
the Project Coordination Office in Costa Rica. The questionnaire included five chapters
covering the following areas: (a) institutional identification, (b) human and financial
resources, (c) programmatic work areas, (d) technological restrictions or limitations, and
(e) work carried out on setting priorities.

Collection

Once the questionnaires were distributed, their collection was organized based on the
relationships established by IICA with various agricultural research institutions in LAC.
CARDI gathered the information in the Caribbean. PROCISUR, PROCIANDINO, and
PRIAG identified those responsible for national distribution and collection for the south-
ern, Andean, and central areas, respectively. The FDA gathered the information in the
Dominican Republic. The Project Coordination Office in Costa Rica channeled the
request for information to Mexico (directly and by way of their representative), and to Haiti
through that country’s IICA representative. It also directly channeled the collection effect-
ed in the following international centers: the Tropical Agriculture Research and Training
Center (CATIE), the International Center for Tropical Agriculture (CIAT), the International
Maize and Wheat Improvement Center (CIMMYT), and the International Potato Center
(CIP).

Processing

The questionnaires were processed at IICA Headquarters in Costa Rica and stored
in a database from which the tables and results presented in this report were generated.

Coverage

The coverage of this inventory can be considered either according to the kind of insti-
tutions covered or the area in which the institutions are located (Caribbean, central,
Andean, and Southern Cone). Table 1 summarizes the information for both variables.

The analysis according to kind of informant institution showed that the majority of
sources were NARIs, in spite of the fact that responses were not received from the
National Forestry and Agriculture Research Institute (INIFAP) of Mexico and some
Caribbean countries. Except for CIMMYT, coverage of international and regional centers
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was complete, including the six CARDI national offices. It would have been desirable to
include international centers headquartered outside the LAC area but who carry out work
within the region, such as the International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT) located in India and the International Rice Research Institute (IRRI)
located in the Philippines.

Table 1. Number of research institutions according to kind and location.

Kind of Institution Central Caribbean Andean South Totals

NARIs/cent. res. progs. 6 3 5 19
Ofic. nat. rec. instits. 4 2 4 1 11
Other public instits. 9 1 1 14 25
Univs./semipriv. instits. 10 2 1 - 13
Reg. or int. centers 1 6 2 - 9
Totals 30 14 13 20 77

Note: Five CARDI dependencies were classified as “regional centers.”

The degree of coverage, while less clear in the other categories, is at least partial.
Coverage of official natural resource institutions is selective. The same occurs in the
other public institutions category, which includes data from 14 state research companies
in Brazil. In the universities and semiprivate institutions category, only the University of
Molina and the National Agrarian University of Nicaragua are included under universities.
The inventory didn’t intend to cover universities, due to the particular methodological dif-
ficulties posed by evaluating their contributions and compiling the respective data, which
would have required a special design and more time. Nevertheless, it is important to rec-
ognize that their contribution is increasing in many countries. In many cases, private
institutions include institutional structures that combine the public and private (semipri-
vate institutions) and many research foundations. In spite of this, coverage is only
partial.

By zone, the greatest coverage was achieved in Central America with an average of
five institutions per country. This is a high result if the number of questionnaires per coun-
try, population, and probable absolute volume of research activities undertaken in the
region are taken into account. The large number of institutions in this region classified
as private should be emphasized. These reflect the gradual disintegration of the old offi-
cial programs and NARIs and efforts to move toward generalized privatization. Since the
inventory was carried out, research within the INTA in Nicaragua has been reconstituted,
the Agricultural Technology Center (CENTA) has been made more autonomous and
financially strong, and several changes were carried out in the Ministry of Agriculture and
Livestock of Costa Rica.
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‘The zone that perhaps received the least coverage was the Caribbean. In addition to
the English-speaking islands, this zone also includes the Dominican Republic and Haiti.
In the English-speaking countries, coverage just includes the CARDI dependencies and
the Ministries of Agriculture of Belize and Saint Vincent and the Grenadines, and doesn’t
include the ministries or NARIs of the large countries such as Guyana, Suriname, and
Jamaica. The rest of the questionnaires classified as coming from NARIs in the
Caribbean correspond to Haiti and the Dominican Republic.

Limited but essential coverage of the Andean area was achieved, which includes the
NAR:Is, forestry institutions, and two international centers: the CIP and CIAT. However,
foundations, union organizations, and other important institutions in the region were
largely excluded (for example, the Coffee Research Center [CENICAFE] and the
Sugarcane Research Center [CENICANA] in Colombia). Coverage in the Southern Cone
mainly consisted of the NARIs; in Brazil more than a dozen state research companies
were also included. As in the Andean area, private and semiprivate institutions weren't
covered.

Table 2 illustrates the number of responses by country. Brazil, Nicaragua, and Costa
Rica contributed the greatest number.

Table 2. Number of responses from research institutions by country.

Countries Number of institutions

Costa Rica
Nicaragua
Guatemala
Honduras

Panama

El Salvador
Barbados

Haiti

Trinidad and Tobago
Guyana

Saint Vincent and the Grenadines
Belize

Dominica

Antigua and Barbuda
Dominican Republic
Colombia
Venezuela

Ecuador

Peru

Bolivia

Argentina

Brazil

Chile

Paraguay

Uruguay

-
ANONE=2WONNWONSL =N =W WLWONO

Total

3
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RESULTS
Human Resources

The inventory identified a total of 43,854 people in research institutions, 10,724 of
whom were reported to be research personnel (Table 3). This number is greater than the
8,522 people formally classified as “researchers.”2 Out of this last group, 15.8% have a
doctorate, 38.5% a master’s degree, and the rest, 45.7%, a basic university degree
(Table 4). In other words, almost half of the agricultural researchers in the LAC region
have only a basic university degree, a remarkably low educational level for this activity.

When institutional location of these researchers is examined, the inventory found that
64.5% are concentrated in the NARiIs, distributed by degree level (basic university, mas-
ters, and doctoral) in almost the same proportion as above. At the other extreme, only
2.4% of the researchers are located in the official natural resource institutions, and 5.1%
in the universities and semiprivate institutions (although it should be remembered that the
latter group of institutions are underrepresented in the coverage). Likewise, some pre-
dictable asymmetries can be observed in relation to the distribution of doctoral-level pro-
fessionals. Although international centers staff only 9.0% of the researchers, they have
13.4% of all the researchers with doctorates, and natural resource institutions have only 0.5%.

Differences are notable by region. Almost 60% of the researchers are in the Southern
Cone. At the other extreme, only 1.3% are located in the Caribbean. Just under 40% are
concentrated in Central America and the Andean countries.

In Central American, Caribbean, and Andean countries, approximately 11% of the
total number of researchers hold doctoral degrees; in the Southern Cone this figure goes
up to 19%. Almost two-thirds of the researchers in Central America hold only a basic uni-
versity degree. The average size of the research institutions, measured by number of
researchers, is smallest in the Caribbean, followed by Central America, then the Andean
countries, with the largest average size in the Southern Cone.

Finally, the inventory found that 64.0% of the researchers engage in applied research,
25.5% in adaptive research, and 10.5% in basic research (Table 3). This distribution
should be taken as a tentative approximation.

2 The question on research personnel in the questionnaire asked for a breakdown of numbers with a basic university
degree, master's, or doctorate. These were designated as “researchers” in this work. The majority of informants
understood the question correctly; the result is that in aimost all cases total researchers are less than or equal to
research personnel. When this number is less, it reflects that the “research personnel® category includes person with-
out a university degree. Discrepancies occur in six cases, however. The most substantive corresponded to
Argentina. On the INTA questionnaire, only technical personnel were reported under total personnel, which includes
1015 in research, 252 in extension, and 108 in other functions. Under “researchers,” the technical personnel were
broken down by highest education level, leaving out 60 whose degrees weren't easily compatible with the subcate-
gories, which is to say, a total of 1315 people, or an overestimate of 300 researchers.
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Table 3. Personnel in LAC institutions by subregion.

Subregions
Caribbean Central Andean South Total

Total personnel 820 10,579 9,111 23,344 43,854
Research personnel 118 1,538 3,386 10,734
Research personnel

in commission 20 72 164 604 860
Researchers

with basic univ. degree 43 861 1,228 1,762 3,894

with master’s 54 306 600 2,321 3,284

with Ph.D. 12 141 239 955 1,347
Total no. researchers 109 1,308 2,067 5,038 8,522

% by region 13 16.3 24.3 59.1 100
% in basic research 6.6 16.5 25.8 10.0 64.0
% in applied research 62.8 45.6 67.2 63.0 25.5
% in adaptive research 30.6 38.8 17.0 27.0 10.5
Total percentages 100.0 100.0 100.0 100.0 100.0
Average no. of researchers

by instit. 7.8 43.6 169.0 252.0 110.7

by NARI 6.3 85.8 286.4 706.0 289.2
Average no. of Ph.D.’s

by instit. 0.9 4.7 18.4 478 17.5

by NARI 0 3.2 21.8 149.8 46.2

by reg./int'l. center 0.7 49.0 63.5 0 20.0

Taken together, these figures reveal subregional contrasts between the Southern
Cone and the other areas, as well as a notable weakness in research capacity due to the
low number of personnel with the highest training levels.

It is important to evaluate the impact resulting from coverage problems in the
Caribbean, the INIFAP, and the CIMMYT (Mexico). A World Bank Report (World Bank
1992:5) on the CARICOM (Caribbean Community) countries estimated that in 1992 a
total number of 320 researchers were spread out over 25 countries (based on 1990-91
data). With respect to the total registered by the inventory, this suggests an omission of
approximately 200 researchers in the region. On the other hand, in 1992 the INIFAP had
1716 professionals involved in research, including 137 in management and administra-
tion. Of this total, 890 were university professionals, 590 held master’s degrees and 236
held doctoral degrees (Alarcén and Elias Calle 1992:6). Based on the CIMMYT report
for 1993, we estimate the number of researchers linked to Latin America in this institution
at 75 (CIMMYT 1994).
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Looking at these figures, it is possible to conservatively infer an underestimation of
approximately 2000 researchers in these institutions. This would indicate a total of at
least 10,500 researchers for LAC. These quantitative adjustments have not been incor-
porated into the tables in this chapter, but they are included in the discussion and results
of the final part, which presents some considerations on evolution.

Table 4. Number of researchers in LAC according to academic degree and kind of institution

in which employed.
Totals

Kind of institution Basic degree Master’s Ph.D. Quantity %
NARIs/central
research programs 2,497 2,122 877 5,496 64.5
Official natural
resource institutions 177 22 7 206 2.4
Other public institutions 584 825 212 1,621 19.0
Universities and semi-
private institutions 222 138 71 431 5.1
Regional and inter-
national centers 414 174 180 768 9
Totals Quantity 3,894 3,281 1,347 8,522 —

(%) 45.7 38.5 15.8 —_ 100

Financial Resources

Tables 5 and 6 present, respectively, the research institutions’ expenditures and
income budgets in 1992, with local currencies converted to US dollars at the current rate
for that year as stated by the International Monetary Fund (IMF).

Total research expenditures reached US$588 million, of which 68.6% corresponds to
the Southern Cone area and 0.5% to the Caribbean. In terms of distribution by use,
65.4% is allocated to salaries, 20.7% to operating costs, and 13.9% to investments. If
the investments are omitted, in order to contrast salary expenditures with operating cost
expenditures, the regional percentage allocated to salaries rises to 75.9%, which leaves
a relatively small percentage (less than 25%) for operating costs. This situation is par-
ticularly accentuated in the Andean and southern countries, in which the percentages
spent on salaries reach 76.5% and 80% respectively. This division is also evident in the
NARIs (79.9%), and especially in the Southern Cone (81.5%).
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Income for this year (1992) reached US$630 million, 107.2% of reported expendi-
tures. Official sources provided 69.1% of income, followed by external sources at 15.0%.
This proportion rises to 82.4% in the Southern Cone area, which reflects the exclusive
coverage of official institutions in that region.

The distribution of funding sources by kind or type of institution is interesting. The
NARIs depend on governments for 79% of their income, while external resources (11%)
and their own resources (9%) make up the other fifth. Natural resource institutions, cur-
rently receiving much attention, obtain 21% and 15% of their income from external and
their own resources, respectively, and only 54% from governments. On the other hand,
semiprivate institutions, universities, and regional and international centers obtain
approximately 90% of their income from external sources and project funding.

Regarding omitted institutions, the World Bank (1992) estimated the total cost of agri-
cultural research carried out in the CARICOM countries in 1992 to be US$24 million, or
almost US$21 million more than the US$3.3 million obtained in the inventory. For the INI-
FAP in Mexico (again for 1991) the total is US$75 million (approximately US$83.6 million
in 1992),3 of which 71% corresponds to salaries (Alarcén and Elfas Calle 1992:6). The
CIMMYT reported that in 1992 it spent US$33.7 million (CIMMYT 1993:17).

In synthesis, an underestimation of US$138 million for the year 1992 was obtained.
The adjusted total over this base would then go from US$571.1 million to US$709 miillion.
As in the case of the underestimation of personnel, this adjustment is not incorporated
into Tables 7 and 8, but is taken into account in the analysis of evolution.

Expenditures per Researcher

By combining the budget information with the number of researchers (Tables 3 and
5), expenditures per researcher by type and region are obtained. It can be observed in
Table 7 that the average amount spent per capita, including investment, is US$69,010,
and ranges from US$29,559 in the Caribbean to US$80,051 in the Southern area. |f
investment is excluded, the regional average is US$59,413 and varies between
US$28,406 in the Caribbean and US$71,354 in the Southern area.

The low results obtained in the Caribbean probably reflect coverage deficiencies in
this subregion. If we take instead the World Bank figures of US$24 million (320
researchers), the average is US$75,000 per person. This amount seems to better repre-
sent the high costs of the Caribbean and is close to the average for the Southern Cone
area.

3 The adjustment was based on the implied defiator of the gross domestic product (GDP) in the United States provid-
ed by the IMF, which yielded a corrector of .89695.
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Table 5.

tion, location, and purpose (in USS$).

25

1992 institutional expense budgets for research in LAC, according to type of institu-

Type of institution Centrali Caribbean Andean Southern Total
Salaries
NARiIs/cen. res. prog. 10,603,993 374,660 39,974,497 247,865,451 298,818,601
Ofic. nat. res. instits. 261,171 70,000 561,868 514,473 1,407,512
Other pub. instits. 1,976,938 597,264 2,333 39,205,331 41,781,866
Univs./semipriv. instits. 5,805,374 42,411 315,900 - 6,163,685
Reg. or int'l. centers 9,148,558 1,010,592 26,022,000 — 36,180,675
Total 27,795,558 2,094,928 66,876,598 287,585,255 384,352,339
Operating costs
NARlIs/cen. res. prog. 5,483,783 227,885 13,425,263 56,212,762 75,349,694
Ofic. nat. res. instits. 291,456 9,41 231,700 388,962 921,531
Other pub. instits. 1,285,685 70,880 3,846 15,295,353 16,655,764
Univs./semipriv. instits. 3,913,623 29,088 100,912 — 4,043,625
Reg. or int’l. centers 7,591,893 664,078 16,742,000 —_ 24,997,972
Total 18,566,442 1,001,344 30,503,723 71,897,077 121,968,586
Investments
NARIs/cen. res. prog. 10,368,792 28,081 17,932,757 35,615,956 63,945,586
Ofic. nat. res. instits. 88,020 — 364,332 57,351 509,703
Other pub. instits. 2,247,188 — 1,638 8,142,179 10,390,907
Univs./semipriv. instits. 2,453,384 —_ —_ —_ 2,453,384
Reg. or int’l. centers 2,089,465 97,629 2,300,000 — 4,487,095
Total 17,246,851 125,711 20,598,627 43,815,487 81,786,676
Total expenditures

NAR:Is/cen. res. prog. 26,456,569 630,627 71,332,517 339,694,169 438,113,882
Ofic. nat. res. instits. 640,648 79,411 1,157,901 960,786 2,838,746
Other pub. instits. 5,509,812 668,144 7,717 62,642,863 68,828,538
Univs./semipriv. instits. 12,172,383 71,499 416,812 — 12,660,696
Reg. or int'l. centers 18,829,440 1,772,300 45,064,000 — 65,665,741
Total 63,608,853 3,221,983 117,978,949 403,297,818 588,107,603
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Table 6. Research institution income according to type, area, and source (USS$).

Areas
Type of institution Central Caribbean Andean Southem Total
Income from governmental sources
NARiIs/cen. res. prog. 11,741,449 413,864 56,276,169 306,410,405 374,841,887
Ofic. nat. res. instits. 369,948 0 358,893 795,000 1,523,841
Other pub. instits. 1,202,061 597,264 509,231 52,221,407 54,529,963
Univs./semipriv. instits. 4,055,248 0 83,363 0 4,138,611
Reg. or int'l. centers 0 619,711 0 0 619,711
Total 17,368,706 1,630,839 57,227,656 359,426,812 435,654,013
Own resources
NARIs/cen. res. prog. 1,669,609 209,176 8,554,343 30,818,415 41,251,543
Ofic. nat. res. instits. 0 0 335,861 103,786 439,647
Other pub. instits. 3,377,584 69,000 0 6,048,845 9,495,429
Univs./semipriv. instits. 1,718,755 3,906 150,638 0 1,873,299
Reg. or int'l. centers 4,321,907 9,624 2,100,000 0 6,431,171
Total 11,087,855 291,346 11,140,842 36,971,046 59,491,089
External resources
NARIls/cen. res. prog. 12,938,681 0 7,202,761 31,190,791 51,332,233
Ofic. nat. res. instits. 269,704 71,600 186,604 62,000 589,908
Other pub. instits. 1,011,408 1,880 0 1,231,719 2,245,007
Univs./semipriv. instits. 7,885,290 87,594 182,813 0 8,155,697
Reg. or int'l. centers 15,227,533 548,694 16,464,000 0 32,240,227
Total 37,332,616 709,768 24,036,178 32,484,510 94,563,072
Other income
NARiIs/cen. res. prog. 0 7,563 6,588,351 5,051,807 11,647,721
Ofic. nat. res. instits. - 0 0 278,719 0 278,719
Other pub. instits. 0 0 0 2,306,448 2,306,448
Univs./semipriv. instits. 99,963 0 0 0 99,963
Reg. or intl. centers 0 139,798 26,500,000 0 26,639,798
Total 99,963 147,361 33,367,070 7,358,255 40,972,649
Total income
NARIs/cen. res. prog. 26,349,740 630,602 78,621,624 373,471,418 479,073,384
Ofic. nat. res. instits. 639,652 1,600 1,160,076 960,786 2,832,114
Other pub. instits. 5,591,053 668,144 509,231 61,808,420 68,576,848
Univs./semipriv. instits. 131,579,255 91,500 416,813 0 14,267,568
Reg. or int'l. centers 19,549,440 1,317,468 45,064,000 0 65,930,908
Total 65,889,140 2,779,314 125,771,744 436,240,624 630,680,822
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Table 7. Expenditures per researcher in 1992 by area and type of institution (US$).
Region Salaries Total, inci. Type of Salaries Total, incl.
pius budget investment institution plus budget investment

Caribbean 28,406 29,559 NARIs 68,080 79,715

Central 35,445 48,163 Nat. res. instits. 11,306 20,728

Andean 47,112 57,077 Other public 36,050 42,460

Southemn 71,354 80,051 Semipriv./univ. 23,683 29,375

LAC Region ' 59,413 69,010 Centers 79,660 85,502

Concentration of Effort

In recent years, |IICA has entertained the hypothesis of an excessive dispersion of
efforts in relation to available resources for carrying out tasks, especially within the
NARIs. This is based upon observation of the increasing number of species under
research in these institutions, especially up until the late 1980s. During this time there
were often over 50 species covered, sometimes nearing 100. Added to this is the greater
burden due to more agroecological zones and the distribution of work among an increas-
ing number of research centers, stations, and farms, and a broader range of disciplines
and themes.

In spite of its important implications, the hypothesis has not been tested. In order to
explore this theme, the questionnaire included questions on the number of species stud-
ied in 1992, classified as annual crops, perennial crops, forest crops, pasture, land ani-
mals, or aquatic animals. The overall results are shown in Table 8. As can be observed,
the average is particularly high (over 50) in the Southern Cone area. The NARIs regis-
ter the highest number of species covered of the institutions, with the exception of the offi-
cial natural resource institutions in the south.

When the average numbers of species covered in the different institutions are relat-
ed to the average number of researchers in each type of institution, the results present-
ed in Table 9 are obtained.4 It shows that only the regional and international centers and
the NARIs have four to five researchers available per species under study, and even this
number appears low in terms of critical mass.

4  Dividing both the averages, researchers per institution by species per institution, Is not equivalent to dividing the total
number of investigators by region by the total number of species reported per region, since the “n” of both does not
coincide in all cases. More precisely, the same institutions did not always respond to both questions (on researchers
and species). However, using the second method doesn’t substantially alter the results: the biggest difference is
found in the Andean area, where the average goes from 2.7 to 4.3.

Another reason for presenting the results in terms of an average of averages is that they have meaning seen as
something that occurs within the institutions. In other words, the value of 1.5 for the Caribbean indicates that within
the institutions covered in the region, there was an average of 1.5 researchers per species covered.
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Table 8. Institutional mean of species studied in 1992 and the number of Institutions involved,

according to type and location.
Species
Subregions

Type of Central Caribbean Andean Southern Totals
institution

(1 @ O ) (1) @ @O @ m @
NARIs/cen.res. prog. 76 6 3 3 53 5 85 5 61 19
Ofic. nat. res. instits. 10 4 20 1 12 4 205 1 22 14
Other pub. instits. 2 7 1 1 9 1 69 13 42 22
Univs./semipriv. instits. 20 10 7 2 37 1 - - 20 13
Reg. or intl. centers 41 1 7 6 40 2 —_ - 18 9
Totails 27 28 6 16 34 13 81 19 7 77

Note: (1) = mean number of species investigated by institution; (2) = number of institutions involved.

The mean numbers correspond to the sum of species in annual, perennial, forest, and pasture crops, and
land and aquatic animals. .

Table 9. Institutional averages of researchers per species under study according to type of

institution.
Type of institution Average
NARIs/cen. res. prog. 4.8
Ofic. nat. res. instits. 0.7
Other pub. instits. 1.7
Univs./semipriv. instits. 1.7
Reg. or intl. centers 4.7
General 3.0

In conclusion, the results seem to suggest critical problems for research, particularly
if the agroecological diversity of LAC is taken into account, which requires larger teams
to manage the intrinsic complexity. This should be understood as a very tentative con-
clusion, however, due to the limitations of the indicator. Studying a diverse number of
crops doesn’t mean that the institution treats all of them with equal intensity. In that
sense, the result would be consistent with a large number of species receiving only mar-
ginal attention, while concentration is focused on only a few. For a more definitive con-
clusion, it would have also been necessary to consider the intensity of attention devoted
to each species, which would have required deeper research into the matter. In addition,
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interinstitutional cooperation in specific work areas or with certain species can at least
partially compensate for the lack of internal teams with sufficient critical mass. Even with
all these qualifications, however, the hypothesis of dispersion of efforts appears to hold
in a preliminary manner.

AREAS OF CONCENTRATION
Program Areas

What are the profiles of concentrated endeavor in LAC research institutions? One
answer appears by examining their programmatic work areas by category or species and
discipline, the subject of this section. The following section will examine effort distribution
in relation to experimental centers.

Tables 10, 11, and 12 show the distribution of existing programs by region, type of
institution, and volume of research personnel. It is important to take into account that the
results do not include the 2096 EMBRAPA researchers, for which program information
was lacking. In addition, two other institutions did not report information on programs due
to their different organizational structure. In some cases, when non university graduates
were included or certain researchers aren’t assigned to programs, the number of program
personnel differs from the total number of researchers.

The majority of programs are in Southem Cone institutions, folowed by Central
America, which probably reflects the greater institutional coverage in the latter. Slightly
more than a third of the programs are found in the NARIs, which have almost half the total
researchers. If the lack of EMBRAPA data was taken into account, this difference would
probably .be even greater and show that the NARIs have the highest average number of
research personnel, with the exception of international centers. '

in terms of overall distribution of areas and number of programs and personnel, the
largest category is in animal management and production (12%-13%). This simply
reflects that the category includes the majority of animal-related themes. In fact, if ani-
mal nutrition themes and half of the overall health efforts are added in, about 20% of the
programs and researchers would be concentrated in this category.

The second largest area (8%-10%) is cereals and grains. Other large areas include
those related to economic, social, organizational, and management themes; plant health;
animal production; and fruits and vegetables—especially if roots and tubers are added.

The NARIs, account for over half the programs in cereals and grains, legumes,
oilseeds, roots and tubers, and vegetables. Natural resource institutions stand out in sil-
viculture, the other public institutions in agronomy and plant-breeding, and the universi-
ties and semiprivate institutions in animal production and management.
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Table 10. Work areas of institutions (programs/disciplines) by location and quantity of

researchers.
Areas Totals  Quantity of
researchers

Program or discipline Central Caribbean Andean  South N % N %
Cereals & grains 14 3 17 30 64 8 666 10
Legumes 5 3 7 7 22 3 204 3
Oilseeds 5 - 7 15 27 3 257 4
Roots and tubers 2 5 7 6 20 3 216 3
Vegetables 7 5 s 14 31 4 392 6
Fruits 16 5 9 24 54 7 514 8
Coffee/sugarcane 1 1 3 6 1" 1 1656 2
Siiviculture 12 6 21 15 54 7 182 3
Animal nutrition/pasture

& fodder 6 15 6 7 34 4 186 3
Animal prod. & management 18 21 18 40 97 12 887 13
Soils/water/climate/irrigation 9 6 5 18 38 5 35 5
Plant & animal health and

protection 27 5 6 22 60 8 473 7
Agronomy, plant-breeding 26 1 4 18 59 7 420 6
Crop & livestock improvement 13 13 20 48 6 382 6
Natural resources 10 —_ 5 17 32 4 394 6
Socioeconomic &

related themes 25 7 " 22 65 8 578 6
Others 24 5 13 29 7 9 42 7
Totals: N 220 100 157 310 787 — 6693 —

% 28 13 20 30 100 99 — 100
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Table 11. Work areas at institutions (programs/disciplines) by kind.

31

Type of institution

Program or NARis & Ofic. nat. Other Univ. & Reg. & Totais
discipline cent. res. resource public semipriv. ' intl.
instits. instits. instits. centers N %

Cereals & grains 37 —_ 23 3 1 64 8
Legumes 12 — 5 4 1 22 3
Qilseeds 15 —_ 9 3 - 27 3
Roots and tubers 12 — 7 —_ — 20 3
Vegetables 16 —_ 8 7 —_ 31 4
Fruits 25 —_ 18 1 - 54 7
Coffee/sugarcane 4 —_ 7 - — 11 1
Silviculture 8 33 7 5 1 54 7
Animal nutrition/pasture

& fodder 9 — 7 14 4 4
Animal prod. & manage-

ment 42 1 26 23 5 ‘97 12
Soils/water/climate/

irrigation 14 —_ 15 6 3 38 5
Plant & animal health and

protection 21 —_ 24 9 6 60 8
Agronomy, plant-breeding 10 5 28 9 7 59 7
Crop & livestock improve-

ment 22 1 17 3 5 48 6
Natural resources 7 10 12 2 1 32 4
Socioeconomic & related

themes 24 2 21 8 10 65 8
Others 22 2 30 13 4 7 9
Totals: N 300 54 264 120 49 787 —

% 38 7 34 15 6 —_ 100
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Table 12. Research personnel and programs by type of institution and location.

Type of Research personnel (1) and programs (2) _
institution Subregions Totals
. Central Caribbean Andean Southem 1 2

1 2 1 2 1 2 1 2 N % N %

NARIs-central ,

res. progs. 516 67 20 16 1432 10 1424 11 3392 49 303 38

Official nat.

res. instits. 60 23 4 2 74 26 5 13 138 2 56 7

Other public

instits. 215 66 23 1 1 1 1991 19 2229 33 268 33

Univs. &

semipriv. 397 66 67 44 23 1" - - 487 7 121 15

instits.

Reg. & int'l. 201 4 51 28 379 21 - - 631 9 53 7

instits.

Totals N 1388 226 165 101 1909 162 3415 312 6877 100 801 100

% 20 28 2 13 28 20 50 39 - - - -

INITIATIVES IN CENTERS AND STATIONS

The work carried out by research institutions can also be located in terms of their
activities in centers and stations. The inventory sought to cover them in terms of their
location by agroecological zone, number of researchers, and main work areas. For loca-
tion by agroecological zone, the Consultative Group on International Agricultural
Research (CGIAR) classification system was used, which is in turn based on the zones
proposed by the United Nations Food and Agriculture Organization (FAO). The infor-
mants were asked to assign their centers to a category within the agroecological classi-
fication.

Table 13 shows the distribution of the 379 centers and 6148 researchers assigned to
them by area and type of institution. More than half are concentrated in the Southemn
Cone area and almost a quarter in the Andean area. Seventy-five percent of all the cen-
ters belong to NARIs.

In Table 14 the centers’ work areas are intersected with the agroecological zones in
which they are found. The principal work areas in terms of plants are cereals and grains,
temperate and tropical climate fruits, and oilseeds. The zones with the greatest concen-
tration are the tropics and cold subtropics with winter rains.
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LIMITING FACTORS AND TECHNOLOGICAL
RESTRICTIONS

Table 15 lists 1068 limiting factors and technological restrictions according to the cor-
responding agroecological zone and area where the institution is located. Table 16 pre-
sents the same information classified by type of informant institution. Of the 601 respons-
es that identify the corresponding agroecological zone, almost two-thirds fall into the hot
tropics category. Half of all of these were identified by the NARiIs.

Nine hundred and fifty-one references were mentioned in relation to limiting factors
by species (Tables 17 and 18). Cereals are affirmed as a priority in all areas and types
of institutions, except in natural resource and semiprivate institutions and universities.
This trend is reinforced when restrictions concerning legumes are added. Fruit restric-
tions mentioned by universities and semiprivate institutions (when the musaceae are
incorporated) and the NARIs in the Southern areas also stand out.5 Other problematic

Table 15. Limiting factors and technological restrictions by agroecological zone and location

of institution
Subregion of informant institution Totals

Agroecological zones Central Caribbean Andean Southem N %
Warm-arid, '

semiarid tropics 54 28 18 39 139 23
Warm, subhumid , . :

tropics 45 21 31 24 121 20
Warm humid tropics 62 . 17 - 52 1 132 22
Cool tropics 16 - 9 - 25 4
Semiarid subtropics
(summer rainfall) 3 — 3 20 26 4
Subhumid subtropics
(summer rainfall) 3 — 6 19 28 5
Cold-humid subtropics
(summer rainfall) 34 — 8 28 70 12
Cold subtropics »
(summer rainfall) N — 23 8 v 42 7
Cold subtropics '
(winter rainfall) — - 3 15 18 3
Some 47 15 5 33 100 100
All —_ 2 6 - 8 —_
No indication 48 24 137 150 359 -
Totals N 323 107 301 337 1068 -

% : 30 10 28 32 ' _ -

5  Fruit-related problems are divided into temperate and tropical zone problems.
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Table 16. Limiting factors and technical restrictions by agroecological zone and kind -of institu-

tion responding.
Type of informant institution
Agroecological zones NARIls/ Of. nat. Other Univ/ Totals
cent.res. res.inst pub. semip. nt’l
progs. inst. inst. ctrs. N %

Warm-arid,

semiarid tropics 31 7 69 15 17 139 23
Warmm, subhumid

tropics 34 2 54 6 25 121 20
Warm humid tropics 75 13 10 6 28 132 22
Cool tropics 17 - - - 8 25 4
Semiarid subtropics
(summer rainfall) 14 —_ 9 - 3 26 4
Subhumid subtropics
(summer rainfall) 12 _ 10 —_ 6 28 5
Cold-humid subtropics
(summer rainfall) 38 —_— 21 8 70 12
Cold subtropics
(summer rainfall) 23 2 8 3 6 42 7
Cold subtropics
(winter rainfall) 18 —_ —_ —_— _ 18 3
Some 36 4 40 7 13 100 100
All 6 - -_— —_ 2 8 -_
No indication 230 8 53 52 16 359 —
Totals N ‘ 534 36 274 92 132 1068 —_

% 50 3 26 9 12 —_ 100

Table 17. Technological restrictions and limiting factors by species and location of responding

institution.
Subregion of informant institution Totals
Species Central Caribbean Andean Southern N %
Oilseeds 14 2 22 25 63 7
Vegetables 35 10 9 23 77 8
Fruits 36 6 12 43 97 10
Musaceae 5 21 3 2 31 3
Cereals 52 24 47 54 177 19
Legumes 18 7 36 14 75 8
Roots and tubers 19 9 34 5 67 7
Pasture and fodder 15 -— 19 17 51 5
Coffee-cacao-tea-herbs-maté 49 4 4 6 63 7
Other vegetables 24 2 11 12 49 5
Forest-agroforest 15 8 15 24 62 6
Other animals (not specified)
Cattle 5 2 14 15 36 4
Sheep-goats-pigs-camelidae 12 5 9 21 47 5
Crops (not specified) 16 1 1 8 36 4
2 4 1 13 20 2
Totals N 317 105 247 282 951 -
% 33 1 26 30 — 100
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categories include vegetables and roots and tubers. Taken together, these indications
seem to reflect a growing problem caused by diversification of agriculture into fruits and
vegetables, new opportunities in international markets, and internal urbanization and
industrialization.

By theme (Tables 19 and 20), the most frequent restriction concerns health and san-
itation (including problems with pests, diseases, and biological control and integrated
pest management); production technology and. management; livestock and crop
improvement; and the soil-water complex. In general, few mentions were made of new
fields such as biotechnology or production sustainability, except under soil and water
themes.

Table 18. Limiting factors and technological restrictions according to species and type of
responding institution.

Type of informant institution

Species NARis/  Of.nat. Other Univ/ Reg. Totals
cent.res. res.inst pub. semip. int’i -_—
progs. inst. inst. ctrs. N %
Oilseeds 43 - 6 6 8 63 7
Vegetables 57 - 7 7 6 77 8
Fruits 67 - 16 8 6 97 10
Musaceae 4 — 10 16 1 31 3
Cereals 94 1 52 7 23 177 19
Legumes 16 1 17 5 36 75 8
Roots and tubers 43 - 4 1 19 67 7
Pasture and fodder 10 — 22 2 17 51 5
Coffee-cacao-tea-
herbs-mate 12 — 48 2 1 63 7
Other vegetable 26 3 14 4 2 49 5
Forest-agroforest 10 31 14 7 - 62 6
Other animals (not
specified) 22 — 1 1 2 36 4
Cattle 25 —_ 15 7 —_ 47 5
Sheep-goats-pigs-
camelidae 32 _ 3 —_ 1 36 4
Crops (not specified) 7 — 7 5 1 20 2
Totais N 468 36 246 78 123 951 -
% 49 4 26 8 13 — 100
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Table 19. Limiting factors and technological restrictions by theme and area of responding

institution.
Area of informant institution Totals
Themes Central Caribbean Andean Southemn N %
Crop & livestock
improvement 48 " 31 66 158 15
Prod. tech. & management 56 14 38 68 176 16
Harvest/post-
harv/market/
agroindustry 22 12 13 1 58 5
Seeds/propagation/germ
plasm 16 8 16 12 52 5
Soil
(Fertilizer/degradatiorv/
condition) 25 13 29 29 - 96 9
Water
(irrig/absorb/ contamina-
tion) 20 1" 20 20 71 7
Health
(pests/disease/bio.
control/IPM) 67 20 60 42 189 18
Weeds 19 2 4 17 42 4
Climate/wind/seasonal
variation 7 5 20 18 50 5
Others 8 3 24 13 48 4
Econ./soc./cultural .
problems 15 4 1 13 43 4
Conditions for research 4 - 6 -_ 10 1
Production quality 3 1 3 9 16 1
Yield/productivity/cost 16 4 23 19 62 6
Totals N 326 108 208 337 10689 —_

% 30 10 26 32 — 100
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Table 20. Limiting factors and technological restrictions by theme and type of responding

institution.
Type of informant institution
Themes NARIs/ Of. nat. Other Univ/ Reg. Totals
cent.res. res.inst pub. semip. int’l
progs. inst. inst. ctrs. N %
Crop & livestock
improvement 73 1 60 9 13 156 15
Prod. tech. &
management 90 4 59 1 12 176 16
Harvest/post-
harv/market/
agroindustry 32 2 6 8 10 58 5
Seeds/propagation/germ
plasm 24 1 1 9 7 52 5
Soil
(Fertilizer/degradation/
condition) 46 4 24 7 15 96 9
Water
(irrig/absorb/contamina-
tion) 34 4 15 8 10 71 7
Health
(pests/disease/bio.
control/IPM) 93 5 41 21 29 189 18
Weeds 24 - 14 2 2 42 4
Climate/wind/seasonal
variation 24 2 13 2 9 50 5
Others 23 5 10 5 5 48 4
Econ./soc./cultural
problems 21 2 10 4 6 43 4
Conditions for research 3 5 — 2 - 10 1
Production quality 10 —_ 3 - 3 16 1
Yield/productivity/cost 36 1 11 4 10 67 6
Totais N 533 36 277 92 131 1089 -
% 50 3 26 9 12 — 100

HUMAN RESOURCES AND CITATIONS OF NATIONAL
TECHNICAL WORKS ON PRIORITY SETTING

The institutions supplied 467 names of people designated as competent to carry out
research on priority setting (Table 21). Out of this number, 38% were proposed by
Central American institutions and another 31% by Southermn Cone country institutions.
Likewise, 62% of the proposed experts have a doctorate or master’s degree. Finally, a
smaller group of institutions identified 232 bibliographical citations of works on priority
setting in agricultural or forestry research.
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These results suggest the existence of considerable capacity and experience in LAC
for addressing priority setting issues.

Table 21. Experts on setting priorities by location according to type of responding institution.

Technicians in priority areas
Subregions
Type of Institution Central Caribbean Andean Southern Totals
1 2 1 2 1 2 1 2 1 2
NARIs/central
research centers 60 34 13 - 31 30 40 26 144 90
Official natural
resource
institutions 29 5 9 2 16 5 10 5 64 17
Other public
institutions 40 23 13 10 11 - 94 75 158 108
Universities and '
semipriv. inst. 50 35 22 16 15 1 —_ 87 62 -
Regional and
int’l. centers - —_ 7 6 7 7 - - 14 13
Totals 179 97 64 34 80 53 144 106 467 290

Note: (1) = totals, (2) those with master’s or doctoral degrees. Some people were mentioned by various
institutions.

Table 22. Citations of works and publications on priority setting and institutions invoived, by
their type and location.

Subregion
Type of institution Central Caribbean Andean Southern Total
Citations Citations Citations Citations Citations

NARIs/Central

research centers 9 6 9 59 . 83
Official natural

resource

institutions 14 4 4 -— 22
Other public

institutions 9 8 5 38 63
Universities and

semipriv.

instits. 7 16 41 —_ 64
Regional and

int'l. centers —_ 2 1 —_ 3

Totais 39 36 60 97 235
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CONSIDERATIONS CONCERNING EVOLUTION

An important question raised by this inventory concems the degree of evolution of
research capacities in LAC. It is addressed here by way of two main indicators: the num-
ber of researchers and research expenditures. The best source for this information is the
data compiled and systematized by the International Service for National Agricultural
Research (ISNAR) up through the mid-1980s (for example, Pardey and Roseboom 1989;
Pardey, Roseboom, and Anderson 1991).

Before attempting to make comparisons, however, it is important to consider the dif-
ficulties and dangers presented by the differences in concept and coverage. The ISNAR
data do not cover the natural resource agencies, in particular the forestry agencies, which
have been partially covered in this work. Regional and international centers are not cov-
ered either (CIAT, CIP, CATIE, CIMMYT). In sum, with a few exceptions, the ISNAR infor-
mation is limited to the NARIs. Table 24 presents the coverage details for the main coun-
tries, taken from Pardey and Roseboom (1989). Finally, the ISNAR coverage in the
Caribbean is broader than ours in some countries. Also, the adjustments made for
exchange rate to standardize costs were different and more complex in the ISNAR data
than those employed in this inventory.

Taking all these considerations into account, Pardey, Roseboom, and Anderson
(1991:249) estimate a total of 9000 researchers and US$709 million (in 1980 dollars) in
research expenditures in LAC for the 1981-85 period. If this amount is translated into
1992 dollars,¢ the total sum ascends to US$1,174,800,000.

The contrast with the adjusted results of the inventory—10,500 researchers and
US$709 million” in expenditures—paints a dramatic picture. In effect, while the number
of researchers rose almost 17% during the period, total expenditures dropped by almost
two-thirds (65.7%).8

This conclusion, however, is premature inasmuch as the data obscure serious prob-
lems in comparability in at least three substantial aspects. The first concerns the dollar
conversion method employed by ISNAR. The second refers to the inventory’s institu-
tional coverage in the Caribbean area. And third, comparability problems arise from cov-
erage differences between ISNAR and the inventory.

6 The total number of programmatic areas is 801, but in 14 cases the information is incomplete for some variables;
therefore, some tables show results for the remaining 787. The same occurs regarding the 6877 researchers, which
are reduced to 6693 in some tables.

7  The adjustments for the Caribbean area for the INIFAP and the CIMMYT discussed in previous sections are includ-
ed.

8 v.g. (10,500 -9000) x 100/9000 and (1174.8 - 709) x 100/709. The basis for the percentage is always of a lesser mag-
nitude.
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In relation to the first point, the ISNAR 1988 dollars are expressed in terms of “pur-
chasing power parity” (PPP). This means that the adjustments have been made using a
relative cost comparison in local currencies of a tradable and nontradable goods and ser-
vices basket (Crain et al. 1991:134) as a reference. Although the transformation does
offer some conceptual and methodological advantages for comparison (see previously
cited source and also Pardey and Roseboom 1989:23-35), it does not allow for direct
comparisons with results based on conventional exchange rates. In effect, the estimat-
ed magnitude in dollars expressed in terms of PPP in LAC exceeds the estimates made
using conventional exchange rates by 50%.

The ISNAR data taken for the comparison come from Pardey, Roseboom, and
Anderson (1991:417-418), which in turn is based on data from Pardey and Roseboom
(1989) with some adjustments. On the country level, this last source presents expense
values expressed not just in PPP dollars, but exchange rates based on the World Bank
Atlas as well. Although the Pardey, Roseboom, and Anderson (1991) data only appear
in PPP dollars, they did generate estimates equivalent to the Atlas dollar (using Pardey
and Roseboom 1989), which allows for greater comparability with inventory data in cases
where the FMI exchange rates were used.

In addition, in the Caribbean, only the data from the countries for which there is inven-
tory information have been retained. The results appear in Table 23. The yield is a total
of PPP$682 million (1980), equivalent to US$4.8 billion (Atlas) for the same year.® The
latter figure was in turn converted to 1992 dollars, which yielded a total of US$664 mil-
lion10 in comparison to the US$705 million for 1992 obtained by the inventory —adjusted
for Mexico and the CIMMYT according to the sources indicated in the section on budget
and financing.! In sum, an increase of US$41.4 million in 1992 dollars appears between
the two periods. The increase in researchers is slightly less evident when the values for
those countries not covered in the inventory are reduced from the ISNAR data.

Although this improves the comparability in dollars, serious problems remain due to
the difference in institutional coverage between ISNAR and the inventory and the limita-
tions already mentioned concerning the treatment of the Caribbean. As was noted pre-
viously, ISNAR coverage was essentially limited to the NARIs. Based on the notes of
Pardey and Roseboom (1989), summarized in Table 24, the ISNAR national data on
researchers and expenditures for 1981-85 have been adjusted to limit them to the NARIs
in South and Central America.’2 The same was done with the inventory data, but Chile
and Costa Rica were eliminated due to difficulties in comparability for the two periods.

9 Pardey, Roseboom, and Anderson (1991) estimate a total of PPP$708.8 miillion in research spending in LAC. Table
23 only includes Caribbean countries covered by the inventory and for which data were reportod.

10 This was arrived at using the implied deflator of the GDP of the United States, according to the IMF, which yielded a
muitiplying correction factor of 1657 between 1980 and 1992.

11 Which is to say, US$83.6 million in 1992 dollars are added for INIFAP based on the US$75 million for 1991 reported
in Alarcén and Elias Calle (1992:6) and US$33.7 miillion reported as spending in 1992 by the CIMMYT (1993:17).

12 With the exception of Chile, for which we could not identify a criterion for estimating the NARI component separate
from the universities component, which were also included in the ISNAR data. We also exclude Nicaragua, which did
not have a research institute at the time when the inventory’s information was collected. .




institutional inventory of resources, capabilities and areas of concentration 43

The results presented in Table 25 are impressive. The majority of the NARIs —10 out
of 14— present a combination of increase in number of researchers and a parallel drop
in real expenditures. ' '

Overall, the group of NARIs studied present a 15% decrease in expenditures, com-
bined with a 22% increase in number of researchers, which leads to a drop in expendi-
tures per capita for these of more than 40%. The trend occurs in the three geographic
areas, descending in seriousness from Central America (including Mexico), to the
Andean, and then Southern areas.

It is clear that this weakening of the NARIs is main source of the crisis in innovation
systems and agricultural research in LAC. The NAR:Is still account for two-thirds of the
expenditures and have an even greater proportion of the researchers identified by the
inventory at their disposal. Although more exhaustive coverage of other kinds of institu-
tions—universities and businesses, for example—would reduce the prior estimate of the
NARIs’ participation, they would beyond a doubt constitute a key subsector in the nation-
al agricultural innovation systems. Therefore, the crisis in that subsector is transmitted
to, and reverberates in, the viability and functioning of said systems. No strategy or pol-
icy directed toward strengthening agricultural innovation in LAC should ignore this prob-
lem.

Table 23. Research expenditures (1981-85 and 1992) by country and location.

1981-85 data 1992 data
PPP ATLAS ATLAS Inventory
In millions of 1980 US dollars In millions of 1992 US dollars
Argentina 61.7 28.2 46.7 103.5
Brazil - 292.3 192. 6 319.1 279.4
Chile 26.9 13.7 22.7 6.7
Paraguay ’ 10.2 7.1 11.8 1.1
Uruguay 4.1 2.6 4.3 12.6
Southern Cone 395.2 244 .2 404.6 403.3
subtotals
Bolivia 2.3 08 1.3 52
Colombia 47.9 23.0 38.1 50.2
Ecuador 13.3 7.2 ’ 1.9 4.5
Peru 20.3 8.3 13.8 36.7
Venezuela 35.9 27.0 447 214
Andean 119.7 66.3 109.8 118.0

subtotals
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Table 23. (Cont.)

1981-85 data 1992 data
P ATLAS ATLAS Inventory
In millions of 1980 US dollars In millions of 1992 US dollars

Costa Rica 28 19 31 38.9
El Salvador 54 2.7 45 6.3
Guatemala 7.3 4.1 6.8 71
Honduras 26 1.8 26 1.7
Mexico 129.0 69.0 1143 (117.3)
Nicaragua 5.1 18 3.0 39
Panama 6.1 42 7.0 57
Central Area 158.3 85.3 1413 180.9
subtotals
Antigua and

Barbuda 0.2 0.1 0.2 0.3
Barbados 1.8 13 2.1 0.7
Belize 0.7 0.4 0.6 03
Dominica 0.2 0.1 0.2 0.5
Haiti 1.7 0.6 1.0 0.8
Dominican

Republic 4.0 24 40 0.3
Saint Vincent

and the
Grenadines 0.2 0.1 0.2 03
Caribbean 8.8 5.0 8.3 3.2
subtotals
Totals in LAC 682.0 400.8 664.0 705.4

Table 24. ISNAR data coverage for the period 1981-85.

Argentina

Brazil

Bolivia

Chile

Colombia

Costa Rica

Ecuador

Personnel and expenditures only for the National Agriculture Institute (INTA). Expenditures
correspond only to research and were obtained as an estimate (68%) of the total for 1984-86.

Covers federal and national expenditures for EMBRAPA, state institutions, and integrated
program and special programs. EMBRAPA represented 78% of expenditures in 1981 and
42.4% of researchers in 1981-85.

Personnel and expenditures only correspond to the Bolivian Agricultural Technology Institute
(IBTA).

Personnel and expenditures correspond to the NARI and the four agriculture units of the four
universities. Data on personnel proportions not provided.

Personnel and expenditures for the period correspond to the ICA and CENICAFE. The per-
sonnel average for ICA was 403 and expenditures 52.28%.

Personnel and expenditures only correspond to the Ministry of Agriculture (MAG).
Personnel and expenditures only refer to the National Agricultural Research Institute
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Table 24. (Cont.)

El Salvador Both values appear to correspond to the CENTA and Salvadoran Coffee Research Institute
(ISIC) only. In 1980, CENTA's percentage participation was 69.8% in personnel and 67.4%
in budget.

Guatemala Both values correspond only to the Science and Agricultural Technology Institute (ICTA).
Mexico Only for the NARI.

Nicaragua Data for the General Directorate of Agricultural Technology (DGTA) in 1984, General
Agricultural Directorate (DGA) only.

Panama Only the Center for Agricultural Research (IDIAP).

Paraguay Only the Directorate for Agricultural and Forestry Investigation and Extension (DIEAF)
Peru The National Agricultural Research and Promotion Institute (INIPA).

Uruguay Only the Alberto Borges Agricultural Research Center

Venezuela Only the National Agricultural Research Fund (FONAIAP).

Table 25. Comparison of researchers and expenditures for NARIs in the periods 1981-85 and
1992-93 (in millions of 1992 USS$).

Country NARIs for 1981-85 NARIs for 1992-93
Researchers Expenditures Researchers Expenditures

Argentina 1062 46.7 46.7 70.4
Brazil 1610 248.9 248.9 217.3
Paraguay 86 11.8 11.8 1.6
Uruguay 77 4.3 4.3 12.6
Subtotals 2835 311.7 311.7 301.7
Bolivia 104 1.3 1.3 5.0
Colombia 402 19.9 19.9 18.8
Ecuador 211 11.9 1.9 43
Peru 262 13.8 13.8 22.7
Venezuela 383 44.7 44.7 20.6
Subtotals 1363 91.6 91.6 71.4
El Salvador 75 4.5 45 .8
Guatemala 160 6.8 6.8 43
Honduras 65 2.6 2.6 5
Mexico 1058 114.3 114.3 83.6
Panama 115 7.0 7.0 54
Subtotals 1473 135.2 135.2 94.6
Totals 5671 538.5 538.5 467.9

In this case we used the reported figure for personnel with a university degree or greater who work in research;
the figure of 1315 researchers with this education level includes personnel who carry out other functions.
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APPENDIX 1

Number of Personnel and Researchers in the Research
Institutions by Country

Country 1 2 3 4 5 6 7
Costa Rica 2,826 369 369 104 74 38,949.2 40,227.4
Nicaragua 1916 279 233 33 4 3,931.6 3,931.6
Guatemala 2,418 333 288 47 5 6,300.6 6,320.6
Honduras 555 286 188 37 37 1,688.5 3,307.0
Panama 1,508 188 178 75 19 5,643.5 5,007.7
El Salvador 1,356 83 52 10 2 7,095.4 7,095.4
Barbados 21 7 7 3 1 718.3 661.4
Haiti 204 35 35 16 3 799.7 819.7
Trinidad and

Tobago 65 6 6 5 1 7.8 -
Guyana 154 6 2 — 1 —_
Saint Vincent

and the

Grenadines 50 7 7 4 — 333.0 333.0
Belize 233 12 7 6 —_ 310.7 310.7
Dominica 45 10 10 5 1 460.8 95.5
Antigua and

Barbuda 5 5 5 4 1 2584 225.8
Dominican

Republic 43 30 1 4 333.2 333.2
Colombia 2,769 1,385 880 243 166 56,184.7 50,186.9
Venezuela 3,204 1,027 538 239 27 21,3715 28,660.6
Ecuador 1,015 255 255 65 1 4,482.6 4,482.6
Peru 1,318 578 271 36 42 36,718.5 36,718.5
Bolivia 805 141 123 17 3 5,221.6 5,723.2
Argentina 1,375 1,015 1,015 249 72 103,531.8 103,531.8
Brazil 19,960 4,045 3,504 1,910 848 279,390.1 311,280.8
Chile 1,250 262 261 81 30 6,731.1 6,731.1
Paraguay 276 221 132 35 —_ 1,059.6 2,111.8
Uruguay 483 149 126 46 5 12,585.2 12,585.2
Totals 43,854 10,734 8,522 3,281 3,281 588,107.6 620,680.8
1 = total personnel
2 = personnel in research
3 = researchers
4 = researchers with a master's
5 = researchers with a doctorate
6 = researchersin NARIs
7 = researchers in official natural resource institutions
8 = researchers in other public institutions
9 = researchers in universities and semiprivate institutions
10 = researchers in regional and intemational centers
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APPENDIX 2

Research Institutional Expenditures in 1992
by Type and Country Where Located (in US$)
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Country NARIs/ Of nat. Other Univ/ RegJ/int'l. Total
cent. res. res. insts. pub. Insts. semilpr. centers
progs. insts.

Costa Rica 15,519,487 0 923,653 3,676,440 18,829,440 38,949,202
Nicaragua 0 350,718 1,549,838 820,310,000 - 0 3,931,556
Guatemala 4,265,633 0 2,035,003 0 0 6,300,636
Honduras 526,525 87,479 0 1,064,494 0 1,688,498
Panama 5,360,838 176,676 0 106,000 0 5,643,514
El Salvador 774,086 25,775 1,001,319 5,294,267 0 7,095,447
Barbados 0 0 0 0 718,309 718,309
Haiti 0 71,600 668,144 60,000 0 799,744
Trinidad and Tobago 0 0 0 0 (1] (1]
Guyana 0 7.811 0 0 0 7,811
Saint Vincent and the

Grenadines 178,148 0 0 0 154,815 332,963
Belize 130,737 0 ] 0 179,983 310,720
Dominica 0 0 0 0 460,781 460,781
Antigua and Barbuda 0 0 0 0 258,413 258,413
Dominican Republic 321,742 0 0 11,500 0 333,242
Colombia 18,793,067 391,675 0 0 31,000,000 50,184,742
Venezuela 20,619,808 334,913 0 416,813 0 21,371,534
Ecuador 4,276,884 205,672 0 0 0 4,482,556
Peru 22,654,476 0 0 0 14,064,000 36,718,476
Bolivia 4,988,282 225,641 7,718 0 0 5,221,641
Argentina 103,531,786 0 0 0 0 103,531,786
Brazil 217,286,872 0 62,103,300 0 0 279,390,172
Chile 5,770,338 960,786 0 0 0 6,731,124
Paraguay 520,000 0 539,563 0 0 1,059,563
Uruguay 12,586,172 0 0 0 0 12,585,172
Total 438,113,881 2,838,746 68,828,538 12,660,696 65,665,741 588,107,602
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APPENDIX 3

Research Institution Income in 1992 by Typé
and Country Where Located (in US$)

Country NARIs/ Of nat. Other . Univ/ Reg.int'l. Total
cent. res. res. insts. pub. insts. semipr. - centers
progs. insts.

Costa Rica 15,941,496 15,941,496 985,524 3,750,970 19,549,440 40,227,430
Nicaragua 0 0 1,549,869 2,031,000 0 3,931,556
Guatemala 4,265,633 4,265,633 2,054,342 0 0 6,319,975
Honduras 526,525 526,525 0 2,683,019 0 3,307,023
Panama 4,832,000 4,832,000 0 0 0 5,007,680
El Salvador 774,086 774,086 1,001,318 5,204,267 - 0 7,095,446
Barbados 0 0 0 0 661,426 661,426
Haiti 0 0 668,144 80,000 0 819,744
Trinidad and Tobago 0 0 0 -0 0 ) 0
Guyana 0 0 0 0 0 (1}
Saint Vincent and the

Grenadines 178,148 178,148 0 0 154,815 332,963
Belize 130,712 130,712 0 0 179,983 310,695
Dominica 0 0 0 0 95,478 95,478
Antigua and Barbuda 0 0 0 0 225,766 225,766
Dominican Republic 321,743 321,743 0 11,500 0o 333,243
Colombia 18,793,067 18,793,067 0 0 31,000,000 50,186,917
Venezuela 27,908,915 27,908,915 0 416,813 0 28,660,641
Ecuador 4,276,884 4,276,884 0 0 0 4,482,556
Peru 22,654,476 22,654,476 0 0 14,064,000 36,718,476
Bolivia 4,988,282 4,988,282 509,231 0 0 5,223,154
Argentina 103,631,786 103,531,786 0 0 0 103,531,786
Brazil 250,011,965 250,011,965 62,168,857 0 0 311,280,822
Chile 5,770,338 5,770,338 0 0 0 6,731,124
Paraguay 1,572,157 1,572,157 539,563 0 ] 2,111,720
Uruguay 12,585,172 12,585,172 0 0 0 12,585,172

Total 479,073,385 479,073,385 68,576,848 14,267,569 65,930,908 630,680,824
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APPENDIX 4

Number of Researchers by Type of Institution and Country
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Type of Institution

Country NARIs/ Of nat. Other Univ/ Reg./int'l.
cent. res. res. insts. pub. insts. semipr. centers
progs. insts.

Costa Rica 66 — 41 81 182
Nicaragua - 16 61 156 —_
Guatemala 164 —_ 25 -_— —_—
Honduras 62 20 - 106 —_
Panama 124 17 - 55 -
El Salvador 99 13 25 14 —_
Barbados - —_ - - 7
Haitl - 2 38 1 —
Trinidad and Tobago —_ - - - 10
Guyana - 2 —_ - -
Saint Vincent and the

Grenadines 6 —_— - - 3
Belize 5 —_ _— - 2
Dominica - - - -— 10
Antigua and Barbuda —_ - - - 5
Dominican Republic 13 —_ - 26 —
Colombia 422 23 - - 435
Venezuela 504 17 —_ 17 -
Ecuador 238 17 - - -
Peru 153 - —_ - 118
Bolivia 115 7 1 - —
Argentina 1,315 — 1,416 - —
Brazil 2,088 - —_ - -
Chile 189 72 20 - —_
Paraguay 112 - - - -

Uruguay

126
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APPENDIX 5

Institutional Inventory of Regional Prioritles for Agricuitural and
Forestry Research (AFR) in Latin America and the Caribbean

CHAPTER It INSTITUTIONAL REFERENCES!

1. Name of the institution

2. Full address

3. Telephone 4. Fax 5. Telex

6. Person responsible for providing the information:

6.1 Name 6.2 Position

CHAPTER Ii: RESOURCES AND AREAS OF WORK?
1. Personnel:
1.1 Total number of personnel

1.2 Involved in research3
1.3 Researchers commissioned to carry out studies4

2. Number of researchers according to their highest qualification:

2.1 University degrees
2.2 Master’s degree
23 PhD

Attach a recent organizational chart for the institution.
Information on personnel as of December 1992.

Personnel who execute and/or direct research.

Commission abroad or within the country for over six months.
B.Sc. or equivalent.

NHEWN =
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Distribution of the number® of full-time or equivalent researchers by type? of research:

1. Basic research (pure and strat.)
2. Applied research and tech. gen.
3. Adaptive research

Total approved budget in local currency for research in 1992 by object of expenditures:

salaries and wages
operating exp.9
investment

total

bl

Sources of total approved income (4.4 above)10

government/fiscal budget
own resources

external resources

other (specify)

S

Number of different species for which at least one research experiment was carried out
in 1992,

1. annual crops
2. perennial crops
3. tree species

4. pasture and forage
5. terrestrial animal species
6. aquatic animal species

Or the best possible percentage estimate if there is no information on absolute values.

The objective of basic, pure and strategic research is to generate new concepts and basic knowiedge (theory, meth-
ods and findings). In most cases these are not immediately applicable to practical problems, although eventually they
may be.

The purpose of applied research and technology generation is to develop new expertise or technologies that are
directly applicable to the solution of a practical (technical) problem. In agriculture these results are initially valid for a
specific recommendation domain but can be extended (through adaptive research) to other domains and conditions.
The aim of adaptive research is to extend existing knowledge or technologies to different domains and conditions.
This is done through incremental testing, validation and adjustment or modification.

Including the proportional part of general administration and other expenses shared with activities other than
research. .
Expenses for conducting research that does not include salaries, wages or investment.

Internal resources: sale of products, services and technology. Extemal resources: extemal credits and donations.
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FOREWORD

This ISNAR report has been prepared as a contribution to a IDB/IICA initiative to
explore the need for, and feasibility of, enhanced support in quantitative research evalu-
ation in Latin America and the Caribbean (LAC). The report, which focuses primarily on
the scope for improved integration of environmental factors in evaluation methodologies,
is based upon a 21-day period of investigation spent mostly in the LAC region, but includ-
ing short visits to ISNAR, The Hague, and FAO (Rome) to collect additional material.
Given the limitations of this input and the size and complexity of the LAC region, the
report cannot hope to be comprehensive in its coverage. However, it attempts to set out
in broad terms some of the essential considerations and potential problems associated
with the proposed analysis at the regional scale, and provides illustrative examples of the
ways in which the environmental component of such analyses might be performed.

Specific Issues addressed are (a) the role of agroecology in the research evaluation
process, (b) the availability of data to support research evaluation analyses at the region-
al and national level, (c) the extent to which agroecological or agroecosystem zoning is
currently used in the region, and (d) the identification of cases where significant regional
benefits have been realized as a consequence of agroecosystem-targeted research.
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INTRODUCTION

Agricultural research can be viewed as a means of increasing the social returns to
agricultural production activities within windows of opportunity presented by a natural
environment that varies in both time and space. Within these windows, the choice of the
agricultural production system is dominated by the nature of markets for agricultural
inputs and outputs and by considerations of infrastructure, demography, and culture.
Wihile it is true that some extremely capital-intensive production systems can create their
own artificial environments (e.g., glasshouse production of high-value horticultural prod-
ucts), these are of marginal importance in the vast majority of developing countries. The
quality of land, the quantity and timing of radiation and water resources, and the effects
of natural hazards such as frost, flood, and typhoon remain, as farmers worldwide will
testify, the most fundamental of the binding constraints to agricultural production.
Agricultural research seeks both to improve the productivity of agricultural inputs within
these boundaries and, often with great success, to shift the constraining boundaries by
altering the abiotic (environmental) adaptability ranges of plants and animals, or by limit-
ing the impact of biotic (pest and disease) constraints that are themselves often confined
to specific environmental domains. Increasingly, agricultural research is also called upon
to address issues arising from the external consequences of agricultural production, in
particular to develop technologies that minimize environmental degradation.

Clearly the efficient allocation of scarce research resources across the range of
socially important production systems, in a myriad of environmental, sociopolitical and
market situations, presents a significant challenge to research policymakers and man-
agers. To help meet this challenge, analysts have developed a range of research eval-
uation methodologies that attempt to quantify the effects of alternative research invest-
ment strategies. These include the assessment of effects arising from both past invest-
ments (ex-post analyses) and current or proposed investments (ex-ante analyses).
These effects can be variously expressed in terms of subjective scores, physical pro-
ductivity indicators, or monetary measures of social benefit. Although much of the early
work in research evaluation focused on assessing the aggregate effects of research at
the commodity level, demands have grown for greater disaggregation to explore the con-
sequences of other strategic resource allocation options. To meet these demands, and
to improve our estimates of the aggregate benefits, recent evaluation methods have
attempted to partition research activities and their effects by various commodity sub-
types, environments, and problem/discipline domains.

This report explores the environmental component of these assessment procedures
within the broader technical dimensions of quantified research evaluation and priority set-
ting for LAC. Alston, Norton, and Pardey (1993) provide a comprehensive review of the
complementary economic dimensions of evaluating and prioritizing research. Both tech-
nical and economic dimensions are necessary, but neither are sufficient. The funda-
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mental challenge, also addressed in this repont, is to integrate them in ways that reflect
their real-world interdependence.

After briefly defining our usage of agroecological terminology, based, as far as pos-
sible, on terminology current in the LAC region, an overview is given of environment-agri-
culture linkages most relevant to establishing research priorities. The next section of the
report deals with some specific methodological issues of integrating agroecological
analysis into a quantified, hierarchical framework for research priority setting and
resource targeting at regional, national, and subnational levels in LAC—always with spe-
cial emphasis on improved contributions from the discipline of agroecology to the overall
decision support system.

As a more practical input to the proposed IDB/IICA regional initiative, a companion
volume provides a preliminary inventory of regional agroecological data available to
research analysts in digitized (computer-based) map formats.

AGROECOLOGY TERMINOLOGY

The Latin American region is no exception to the disparate use of terminology to
describe environment-agriculture relationships. CIMMYT’s wheat mega-environments,
FAO'’s agroecological zones, and the CGIAR system’s ecoregions are dictated by purely
environmental characteristics. CIAT’s agroecosystem clusters and the Amazon Treaty’s
ecologic-economic zones represent a more ambitious integration of environment with
selected infrastructure and socioeconomic criteria. For the purposes of this report, the
following terminology is adopted:

Agroecology is the generic name given to the study of the environment-agriculture
interface.

Agroecological zone (AEZ) is used to describe a geographical area that is homo-
geneous with respect to its environment and natural resources, e.g., climate, land form,
soils, and water bodies. Most importantly, for our purposes, an AEZ is also expected to
display a broadly uniform physical response to the application of agricultural production
technologies. Those responses may be in the form of productivity changes or environ-
mental impacts. An important special case of an AEZ is the agroclimatic zone (ACZ),
delineated using only climatic criteria. The CGIAR'’s ecoregions are agroclimatic zones.

Ecologic-economlic zones are the geographical areas described by the superposi-
tion on AEZs of additional layers of physical and infrastructural information (e.g., acces-
sibility) and socioeconomic information (e.g., population density, income levels, and land
tenure).

Agroecosystems (or production systems) are specific, integrated sets of land use
activities that transform a mix of natural resources, capital, labor, purchased inputs, and
management skills into economically useful products including food, feed, and fiber.
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The underlying principle of this choice of terminology is that an AEZ defines a physi-
cally homogeneous area within which a (potentially large) number of agroecosystems
could be supported. The term AEZ as defined here is widely accepted in the region, from
FAQ’s AEZ study covering Central and South America (FAO 1981) to national examples
such as the AEZ maps of Argentina (INTA 1982), Colombia (IGAC/ICA 1985), northeast
Brazil (MARA/EMBRAPA undated), and Venezuela (FONAIAP/CENIAP 1982), and the
Agroclimatic Zone Map of Chile (INIA 1989) and of the Andes (Frere, Rijks and Rea
1975). The same conceptual basis was used by CIMMYT in defining their wheat mega-
environments (CIMMYT undated).

The term ecologic-economic is adopted because of its current wide use in the region.
Several countries, including Brazil, Peru, Venezuela, Guyana, and Ecuador, are planning
or executing ecologic-economic zoning at scales from 1:1,000,000 to 1:150,000. Much
of this activity is related to the initiative coordinated by the Amazon Cooperative Treaty
Secretariat.

The TAC/CGIAR ecoregions are currently defined as aggregations of FAO’s agroe-
cological (agroclimatic) zones with the addition of administrative boundaries (TAC/CGIAR
1991), but these are implicit in most agroecological data sets. It is likely that these ecore-
gions will become something akin to ecologic-economic zones as a small number of
socio-economic layers, for example population density and market infrastructure, are
added to the underlying AEZs.

CIAT’s use of terminology cuts across the definitions given above. CIAT’s agroe-
cosystem programs appear designed to address a number of specific agroecosystem
clusters defined in terms of existing land use patterns and identified within a prioritized
range of ecologic-economic zones. Thus, although the CIAT program names “Forest
Margin,” “Hillside,” and “Savanna,” convey a purely AEZ definition, they are, in reality,
based on a structured analysis of ecologic-economic zones and associated agroecosys-
tem clusters (CIAT 1991e).

RESEARCH AND THE ENVIRONMENT: AN OVERVIEW

Clearly agriculture, by its very nature, is inextricably linked to the environment. This
section explores the most important components of the environment-agriculture interface
and points to opportunities for improved allocation of scarce research resources through
the greater integration of environmental considerations into the research decision-mak-
ing process. Some environment-agriculture interactions, summarized at the macro level
in Figure 1, will be identified as strategic in nature and, hence, of major interest in the
context of developing a research evaluation framework at the regional and national level
in LAC. At this aggregate level, research evaluation can help policymakers and research
managers to quantify the potential contribution that alternative investment strategies can
make to achieving research goals. Finally, some operational issues will briefly be
explored since, if properly formulated, any proposed strategic analytical framework
should be capable of conditioning and informing decision making at the operational level.



66 priorities for agricultural research in LAC

SPATIAL
OPPORTUNITIES
FOR

OTHER DEVELOPMENT  /~
FACTORS (_ THEENVIRONMENT -~
e I (~  NATURALRESOURCE

IMPROVING MANAGEMENT

PRODUCTIVITY

Design and use of technologies
keyed to the local capacity of
the environment to absorb neg-

) kative effects. A J

The environment is a key factor
in determining the need and the
use of...

Other
Threats to factors

sustainability

NEW PRODUCTION
TECHNOLOGIES

Figure 1. The agricultural research-environment interface: a simplified macro view.

Strategic Research Prioriy Issues

Agricultural research is scientifically complex—and this complexity is further com-
pounded by the need to address a much broader set of goals than scientific excellence
alone. Even the traditional growth-oriented goals of increased productivity and improved
product quality appear to be no longer adequate. And, almost without exception, today’s
research managers are called upon to address a range of issues including growth, equi-
ty, and sustainability. While economists and others debate whether the technology devel-
opment sector is the most relevant and effective way of tackling society’s equity and sus-
tainability goals (Alston and Pardey 1993), research managers must demonstrate that
research programs have been formulated with due regard for these objectives.

The following sections briefly examine some of the ways in which an awareness of
agroecology and a related analytical capacity can contribute to attaining the .de facto
research goals of growth, equity, and sustainability.
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Growth

Agriculture contributes to growth primarily through improvements in the productivity
of land, labor, and capital. Many of the well-established strategies for achieving agricul-
tural growth have strong agroecological dependencies. Intensification of production
requires careful selection of the most responsive land resources together with the adop-
tion of intensification technologies that minimize the enhanced threat of environmental
degradation. Extensification, increasingly into less favorable agricultural areas, requires
the identification of agroecosystems with the most potential for production expansion
while minimizing adverse environmental effects. Prehabilitation calls for the identification
of viable land improvement options for degraded agricultural land or land that has fallen
out of production altogether, often because of excessive environmental degradation
associated with previous intensification and extensification efforts.

Examples of the negative environmental effects that can arise from efforts to improve
land productivity are not difficult to find in LAC. The declining productivity of the Argentine
Pampas is viewed, in part, as a consequence of intensification of grain and legume pro-
duction without due regard for increased nutrient demands. In tropical areas, there are
similar instances of chemical and physical degradation of soils plus damaging changes
in the hydrological regime associated with extensification—in this case involving the con-
version of forest margins to low-input agricultural production.

However, it is not just in identifying opportunities for, or constraints to, improved land
productivity that agroecology can assist in analyzing growth-oriented research options. A
significant number of the technologies for improving productivity of labor and other agri-
cultural inputs are also conditioned by agroecological circumstances. Thus, the areas
suitable for tractor use are limited by, among other things, slope considerations while
manual cultivation technologies are generally ineffective in areas of vertic soil type.
There are clearly significant opportunities for and advantages to integrating agroecolog-
ical considerations into growth-oriented assessments of research effects.

Equity

Equity goals focus attention on the distribution of benefits arising from research-
derived technical change. Pursuit of equity goals, often considerably at odds with pure-
ly growth objectives, results in the biasing of technology development to bring about
some preferred distribution of research benefits. For example, in much of Latin America,
where a high proportion of the land is controlied by large-scale landowners, the structure
of land ownership gives rise to concerns that technologies appropriate for large-scale
operations, while possibly making a big contribution to growth, may have undesirable
consequences in terms of benefit distribution. Hence, the “equity pressure” to develop
technologies more appropriate to medium- and small-scale operations.

While equity is a sociopolitical issue, it would be wrong to suppose that it is unrelat-
ed to agroecology. There is often, but by no means always, a significant relationship
between the pattern of income distribution and agroecological factors, usually based on
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the correlation between land quality and rural income. Marginally productive, inaccessi-
ble, often environmentally fragile lands tend to be farmed by poorer farmers who (togeth-
er with the urban poor) are the most usual target beneficiaries of equity-oriented policies.

Thus, agroecology can contribute to equity-oriented research evaluation in cases
where a high correspondence exists between the spatial incidence of specific agroeco-
logical conditions, for example steeper slopes, poorer soils, and marginal water avail-
ability, and the distribution of disadvantaged social groups. In Ecuador and Peru, for
example, there appears to be a significant spatial correspondence between social group-
ings and various rainforest, sierra, and coastal ecosystems. In such circumstances, par-
titioning the total benefit from research in a spatial dimension using agroecological crite-
ria can be a useful means of approximating the distributional consequences of agricul-
tural research.

Natural resource management

Within the set of emerging “green issues” or “sustainability concerns,” the natural
resource management aspects of agricultural production are coming under the increas-
ing attention of policymakers. In this respect, two broad areas of concern generally
receive attention: one relates to environmental externalities and the other to resource
depletion and intergenerational equity. An externality occurs when one person’s actions
affect another’s economic opportunity, and where that effect is not compensated through
a market transaction. For example, agricultural production can cause pollution of ground
and surface water with agricultural chemicals or depletion of soil fertility and soil erosion.
Another example is the increased instability of the hydrological regime that can follow for-
est clearing, often to make way for agricultural production. A more abstract example is
when such clearing of rainforests also results in species depletion, reduction of pristine
wilderness, or other environmental damage which could be regarded as a cost that is not
factored into forest management decisions. Agroecological analysis can help to identify
those areas where specific agroecosystems are likely to present environmental exter-
nality problems (where there may be need for research), and in many cases can also
indicate the likely severity of those problems (i.e., the intensity of research). Analyses
can also be performed to help identify and evaluate mitigation options (i.e., suggest spe-
cific areas of research).

Institutional organization of research

Both national and international research efforts have traditionally been stratified at
the highest institutional level by commodity or environment domain.! CGIAR research
centers such as CIP, IRRI, and CIMMYT are typical of commodity stratification, while
CIAT, ICRISAT, and ICARDA have mandates that are stratified by mega-environments.

1 The two domains are not independent-commodity stratification itself implies some measure of environmental stratifi-
cation, given the finite environmental adaptability range of most plant and animal species and their related pests and
diseases.
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The relative merits of the primary disaggregation of research by commodity or envi-
ronment (e.g., agroecological zone) have been the subject of much debate in recent
times in the context of CGIAR reorganization (TAC/CGIAR 1991). Increased emphasis
on an ecoregional zone approach, it is argued, would stimulate research more relevant
to the realities of farming, particularly in a developing country context, where highly inte-
grated production of multiple crop and livestock commodities is commonly practiced.
Furthermore, it is presumed this approach is more compatible with the growing need to
address environmental sustainability concems. Two examples of commodity program
de-emphasis are the strategic restructuring of research within CIAT and PROCISUR.
The CIAT restructuring resulted in the emergence of three major “agroecosystem” pro-
grams within its broad tropical agriculture mandate, while the ongoing PROCISUR deliber-
ations seem likely to lead to a more sustainability-oriented agricultural research portfolio.

The trend to restructure research activities within an overall agroecological frame-
work, and the (related) increased sociopolitical awareness of natural resource manage-
ment issues, further indicate that agroecological analysis is an important component of
research decision support systems at all levels in the LAC region.

Consequences for Research Investment

We have seen that the formulation of research programs is driven by a set of politi-
cal and socioeconomic goals and that research evaluation is the process of quantifying
the potential contribution of alternative research investments toward those goals. Placing
an economic value on the expected effects of research helps in setting research priori-
ties and in guiding the allocation of scarce research resources. It does so by providing
a money measure of the effects of research that constitute a common and comparable
economic yardstick. This makes it possible to generate summary measures of the
expected net social benefits of research that are more readily understood by those fund-
ing and executing agricultural research. It also enables research managers to develop
research portfolios that target resources to a range of technology developments most
likely to maximize beneficial impacts. In this process some basic, strategic questions
arise. What are the geographical regions, social groups, and agricultural production sys-
tems that should be targeted? What are the relative priorities that should be attached to
each of these? What type of technologies would best be developed and how can we
assess their likely effects— both technically and economically?

This section explores some of the strategic elements of this decision-making
process— with particular emphasis on the role of agroecology. The main discussion
addresses individual issues that, because of their interdependence, need to be resolved
jointly. They are (a) the targeting of research resources, (b) the expected direct effects
of research, and (c) the expected spillover effects of research. Finally, some of the trade-
offs that must be made between these and other research determinants are briefly dis-
cussed.
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Technology targeting

The research policy environment is typically represented by a set of growth, equity,
and sustainability goals, and these in turn give rise to a range of strategic targeting
options as summarized in Table 1. Specific administrative regions may be important for
a range of political and socioeconomic reasons, and these can often be linked to agroe-
cological factors, e.g., agriculturally less-suitable areas that give rise to low rural
incomes. However, there is no general and systematic link between regional targeting
and agroecology. Targeting rural social groups may coincide with a specific set of agroe-
cological conditions, certainly in some parts of LAC, but again, there is no inviolate link
between social targeting and agroecology.

Table 1. Strategic targeting options.

Targeting options Examples
Administrative regions Areas of political importance, social deprivation, or economic opportunity
Social groups Landless laborers, small farmers, urban consumers
Agroecological zones High production potential, environmentally susceptible areas
Production systems Food crops, mechanized cash crops, extensive livestock
Problems/Technologies Genetic improvement, pest/disease control, plant/animal husbandry

Targeting agroecological zones is commonly practiced. The rationale for doing so is
well summarized by Brinkman (1987):

A universal clone or cultivar would be resistant against a wide range of pests, dis-
eases and other environmental stresses, adapted to a wide range of daylengths,
heat and cold tolerant, tolerant to drought and to oxygen deficiency in the root
zone (waterlogging), adapted to low fertility but with a large response to fertilizer,
and tolerant to a range of toxic conditions in the root zone. Since this ideal culti-
var cannot be produced, choices must be made in plant breeding. Cultivars or
clones are designed and selected for resistance or tolerance to combinations of
stresses prevalent in specific environments.

If zones are properly defined, then new technologies would be expected to have fair-
ly homogeneous effects in terms of both enhanced productivity and environmental con-
sequences within each zone. Agroecological zones may be targeted because of high
production potential (i.e., the lack of physical constraints), or because of the existence of
specific constraints that research could seek to mitigate, such as acid sulphate soils,
pest/disease incidence, and erratic rainfall patterns. Increasingly, the targeting of
research is also driven by environmental degradation concerns related to production sys-
tems for which remedial or protective technologies may be needed.

Targeting production systems, perhaps until recently the most common of targeting
strategies, clearly has a high degree of agroecological dependency both in terms of the
environmental adaptability ranges of the plant and animal species concerned, and in
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terms of their associated pests/diseases and environmental degradation effects.
Production systems involving more than one market commodity present some analytical
challenges that need to be addressed, especially given the movement away from single
commodity-oriented research in the LAC region. However, disaggregation of a single
market commodity into subcommodities such as ecotypes is also possible. For example,
the targeting of research into irrigated, upland, and swamp rice production systems and
the very different research impact that can arise from this may be analyzed indepen-
dently at the agroecology and technology level. This type of limited disaggregation is
useful for research evaluation and priority setting even though, for many purposes,
reporting the overall market effects for the single commodity rice are sufficient.

The extent to which a strong correspondence exists between the targeting of agroe-
cological zones and production systems/commodities depends on the environmental
“plasticity” of the species concerned. Thus, animals tend to be more environmentally
adaptable than crops (though some of their pests and diseases may not be), and maize
is much more widely adapted than, for example, arabica coffee, coconuts, or soybeans.
However, it can be said with some certainty that (a) the economic production of a com-
modity can be found in a finite number of zones, and (b) that different levels of physical
production potential (i.e., production suitability) exist between these different zones.2

Targeting of specific production problems has an agroecological dimension in two
important respects. Firstly, research may be designed to address specific agroecologi-
cal production constraints such as improving tolerance to drought, frost, or acid soils; or
environmental degradation problems such as reducing soil erosion or nutrient leaching.
Secondly, there is the issue of the environmental specificity of research. Environmental
specificity reflects the extent to which new technologies are likely to be transferable
across agroecological zones. Two polar examples are (a) technologies for improved
saline tolerance—which could be considered as totally environment-specific to AEZs hav-
ing soil with saline phases, and (b) technologies for cloning fruit trees—which, since they
are applicable equally to all AEZs in which fruit tree production is feasible, are considered
as environmentally nonspecific.

In general, there are several major technology areas to which research may be tar-
geted to address specific production opportunities or constraints, all of which exhibit
some level of agroecological dependency:

a. increasing the genetic potential of basic plant and animal materials

b. reducing the impact of abiotic productivity constraints, e.g., improved drought resis-
tance or aluminum tolerance

c. reducing the impact of biotic constraints to productivity—a continuous task, as pest
and disease biotypes often develop to erode each technological advance

d. other improved production management techniques, e.g., improved soil/water man-
agement

2 Indeed, this is the basis of FAQ's AEZ methodology and the general approach taken in most land evaluation
analyses.
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Ameliorating the effects of abiotic and biotic constraints often has two consequences:
it tends to increase productivity of existing production environments, and it also broadens
adaptability ranges and, hence, can serve to expand potential production areas. In this
sense agricultural research can redefine the spatial and temporal windows of environ-
mental opportunity for agricultural production.

Clearly an important set of resources in the process of targeting research by com-
modity, zone, research problem, and, to the extent it is possible, by social group, is the
availability of appropriate maps and databases describing the spatial pattern and classi-
fication of agroecological zones.

Technology impacts

Identifying targeting options and delineating potentially homogeneous zones are
some of the initial tasks of the research evaluation analyst. However, if we are to pursue
the objective of quantified research evaluation it is also necessary to assess the poten-
tial physical and economic effects of research within each zone. The extent to which the
potential effects of new technology are realized depends on the extent to which that tech-
nology is adopted. For the purposes of this discussion, we focus on impact assessment
assuming full adoption-this benchmark, “potential” impact can be modified later to take
account of expected spatial variation in adoption. Clearly, however, it must always be
unambiguous whether zones are defined purely by physical characterization, as in FAO's
AEZs, or whether they include other criteria such as ecologic-economic zoning. AEZs
can only be used to assess potential physical impact, whereas ecologic-economic zones
may include sufficient factors to delineate zones having uniform economic effects and,
hence, could provide a basis to assess realized effects directly.

The analytical procedures to convert the physical effects of new technology into mea-
sures of economic benefit usually require these effects to be expressed ultimately as a
reduction in the unit cost of production. However, the range of direct measures of tech-
nology impact is wide, including the following:

Yield increase (e.g., kg/ha)

Factor increase or decrease (e.g., $/kg of output)
Product quality (price) increase (e.g., $/kg of output)
On-site or off-site damage avoided (e.g., $/year or kg/ha)

apop

None of these measures is simple to use in estimating reliably, and the overall effect
of any technology could be a complex combination of them all. For example, a technol-
ogy package emerging from a national research and development program could simul-
taneously increase maize yields, increase fertilizer costs and, through closer plant spac-
ing and a shorter growing period, reduce soil erosion and hence reduce associated on-
site and off-site costs (assuming there were no externalities associated with the
increased fertilizer application). Output price changes are typically associated with
increases in product quality, and also present some analytical complexities in the sense
of a nonhomogeneous commodity at the market level (Macagno 1990).
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The gross benefits accruing from research investments can be estimated by aggre-
gating the different research effects expected across agroecological zones. The most
satisfactory aggregation weights are the production values or areas within each
zone-recognizing that production shares by zone may well change themselves as a con-
sequence of research. As a final step, AEZs can be aggregated into administrative
regions, on which basis market information is usually held. With the use of geographical
information system (GIS) technology, this zone-to-region reaggregation is not a signifi-
cant problem.

Our discussion to date has focused on the supply shifting or unit cost reduction
effects of research. An assessment of the economic effects of research requires two
additional, and jointly determined, parameters, namely the research and development lag
time and the probability of research success. Obviously the deployment of all research
resources to a single research problem could, with a reasonable degree of confidence,
be expected to have relatively large effects in a relatively short space of time. Similarly,
a problem researched with fewer, and perhaps less-skilled researchers, would probably
provide less satisfactory results in a longer time frame. The joint determination of these
research production function parameters is further discussed.

Technology transfer

The analytical framework being proposed is built on the concepts of disaggregating
a research portfolio into agroecological or ecologic-economic zones and exploring the
research impacts likely to arise in them as a consequence of alternative research invest-
ment options. This formulation begs many questions, one being the extent to which tech-
nologies developed for one zone can be transferred, with or without adaptation, to other
zones—a.process referred to in literature as technology spillover (Davis et al. 1987; Alston
et al. 1993). Conceptually, this question is also valid for commodity-to-commodity and
discipline-to-discipline spillover, but here we confine ourselves to technology spillover
between zones.3

Technology spillover is important because the total impact of research in any zone is
the sum of the impact of technologies that are directly targeted to the zone (if any) plus
the additional spillover impacts (if any) that can be realized by the adoption of technolo-
gies developed for other zones. While the concept is relatively simple, estimation is com-
plex—not least because it is difficult to establish (a) the potential performance of tech-
nologies across different zones, and (b) whether the spillover technology is a comple-
ment to or a substitute for existing or emerging technologies in the receiving zone.
Moreover, the institutional and socioeconomic impediments to technology transfer may
be significant and should, ideally, be an integral part of any research assessment proce-
dure.

3  This discussion also ignores price spillovers, but these can be taken into account in the economic component of the
research evaluation analysis (see Alston et al. 1993).
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The extent to which technologies are potentially transferable relates to the agroeco-
logical “similarity” of sites and to the environmental adaptability range of specific com-
modities. Furthermore, it is also related to the environmental specificity of the technolo-
gy. As polar examples, technologies that are not site-specific are potentially one hundred
percent transferable, whereas technologies which are totally site-specific are zero per-
cent transferable.4 Where technologies are sensitive to environmental factors, the rela-
tive values of those factors between zones serve to indicate the likely limits of potential
transferability. It seems plausible to estimate such relativites. However, the comple-
mentarity or substitutability of different technologies is a complex issue that is much less
amenable to formal estimation.

Nonetheless, it should be apparent that the ability to make sensible estimates of the
potential spillover effects of technologies between AEZs has major implications for
resource allocation. A more efficient and flexible allocation of resources would be possi-
ble if the mechanisms of technology spillover between zones were better understood and
could be integrated into the resource allocation process.

Strategic trade-offs

The effects of research (by whatever measure), the research and development time
lag, the confidence with which these effects will be achieved, and the extent to which
research outputs may spillover are all, to a greater or lesser extent, governed by resource
allocation decisions. Furthermore, they are mutually interdependent. Thus, research
managers face trade-offs between, for example, low-impact and high-spillover research
or high-impact and low-spillover technology developments, while simultaneously trading-
off any impact level against the duration of investment in specific research programs.
Scientists could be asked to deliver short development cycle, low-impact or longer cycle
and higher-impact technologies. The confidence levels of achieving specific levels of
impact (as well as the impact level itself and its development lag time) could be improved
in the long term by increasing resource allocation to staff education training, and
improved infrastructural support and/or by improving the pool of available expertise
through national and international institutional collaborative linkages.

These trade-offs, compounding those associated with the targeting of regions, zones,
social groups, and production systems, are often too complex to make in an informed
manner without proper analytical support. The research evaluation framework being out-
lined here is seen as a key element in such a support system.

4  This terminology is preferred by Pardey and Wood (1993) to the roughly equivalent terminology that classifies
research as “basic” (implicitly of broad applicability at the pretechnology level), and “adaptive” or “applied,” which may
imply a low level of spatial transferability.
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Operational Consequences

The ability to undertake strategic research evaluation presupposes some insight into
the range of agricultural production opportunities and constraints and their associated
researchable issues. Furthermore, strategic level analysis largely avoids the important
question of how research could be conducted. These are the concerns of operational
management. Operational aspects of research management are beyond the scope of
this LAC regional review, but the need for, and requirements of, analysis at this level must
be recognized. Ideally, the conceptual framework of research evaluation should provide
for a smooth methodological transition between regional/national strategic analysis and
national/subnational operational analysis. Operational analysis should appear to be
zooming in on the levels of spatial and research aggregation used at the macro level, for
example, more specific definitions of a commodity by subtypes and varieties/cultivar
groups, more detailed identification of technologies by specific problems/disciplines, and
more detailed subdivisions of zones to acknowledge spatial heterogeneity within zonal
aggregations used at the strategic level.

The two levels are not independent. The macro framework presented so far is appro-
priate at regional and national levels for supporting strategic decision making on priority
setting and resource allocation by production system, geographical area (administrative
region and/or agroecological zone), and major technology group. While avoiding the
operational questions of research and experimental design, this macro analysis needs to
be aware of the range of potential research opportunities and their likely effects—infor-
mation that may best come from scientists and research managers working at the oper-
ational level. Thus, a two-way flow of information between the strategic and operational
levels is essential.

Major responsibilities at the operational level include detailed research specification,
experimental design, and selection of appropriate research sites, all of which have agroe-
cological dependencies. The environmental specificity of certain types of research will
often influence the selection of technologies or disciplines so as to maximize spillover
potential. Experiments will be designed and sites will be selected within agroecological
zones that are, in some sense, representative. In practical terms this means sites are
selected that have no significant physical constraints or, alternatively, exhibit known and
significant abiotic or biotic constraints (e.g., acid soils or pest/disease hot spots).

Table 2 summarizes the strategic and operational issues in research management
discussed above and indicates the likely extent to which agroecological analysis may
contribute to strategic decision making.
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RESEARCH EVALUATION AND AGROECOLOGICAL
ANALYSIS: METHODS AND ISSUES

Research Evaluation

Research evaluation, as it is viewed in this report, seeks to quantify the effects of
research in terms of its contribution to predefined research goals. Using such tools,
research managers, scientists, and analysts can place a value on alternative research
investment strategies in terms of their likely contribution to, for example, rural income
generation (growth), income distribution (equity), and protection of the natural resource
base (sustainability). These approaches can also be used to identify the likely opportu-
nity costs, in terms of foregone output growth, of targeting research to address distribu-
tional or equity concerns. Alston, Norton, and Pardey (forthcoming) review the range of
research evaluation options and the scope of their application in research priority setting
and resource allocation. A practical, but not conceptual, distinction is made between
evaluating the effects of past research investments (ex-post analyses or, more popular-
ly, rate-of-return studies) and estimating the likely benefits that will arise from current or
proposed research investments (ex-ante analyses). The analytical tools at the disposal
of research analysts include congruency analysis, scoring/weighting systems, and a vari-
ety of ex-ante and ex-post economic surplus methods. To date, the explicit inclusion of
agroecological considerations into these methods has been extremely limited.

Economic surplus models commonly estimate the annual benefit of research by view-
ing research-induced, technology effects as shifts in aggregate market supply curves.
One such model, MODEXC, was developed at CIAT (Lynam and Jones 1984; Rivas et
al. 1991).

For the applications proposed in this review, however, MODEXC has the drawbacks
of not explicitly supporting any agroecological disaggregation, nor of supporting multiple
markets, for example, multiple countries and/or administrative regions. Perhaps the most
widely known model recognizing the multiple market effects of research was first formu-
lated by Edwards and Freebairn (1981) and developed further to explicitly reflect agroe-
cological aspects, by ACIAR (Davis, Oram and Ryan 1987). ACIAR's ex-ante economic
surplus formulation adopted a set of AEZs (those defined by FAO’s global AEZ study)
between which allowance was made for potential technology spillover. This work has
progressed even further (Davis, McKenney and Turnbull 1989; Pardey and Wood 1993).
Improved specification of the agroecological component of the ACIAR model has been
one of ISNAR'’s concerns, and their enhancements now support (a) dynamic definition of
AEZs to match specific agroecosystems or agroecosystem clusters; (b) disaggregation
of research into commodity subtypes, for example, rice into three ecotypes; irrigated, dry-
land, and swamp; (c) disaggregation of the (sub) commodity research domain by major
technology groups such as genetic improvement, pest/disease control, and crop/animal
husbandry; (d) variable levels of expected research impact by (sub-) commodity, tech-
nology type, and AEZ; and (e) an improved AEZ-to-AEZ technology spillover algorithm.
These enhancements are under continuing development and are being used in part or in
whole in ISNAR-supported national research evaluation and priority setting projects in
Indonesia, China, and Argentina.
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For the remainder of this report, it is assumed that some form of these multi-market
models would provide a logical methodological starting point for the development of an
analytical framework for strategic research decision making at the regional and country
level in LAC.5 The references should be consulted for further methodological principles
of ex-ante economic surplus models. In summary, however, the models estimate the
expected year-by-year stream of economic benefits to producers, consumers, and tax-
payers arising from the application of new technologies to the production of individual
commodities. These models require, at a minimum, the type of information summarized
in Table 3. Enhancements to this basic model include other options such as autonomous
growth of demand and supply, various government policies such as input and output
taxes and subsidies, and variously more sophisticated adoption algorithms.

Table 3. Minimum data set for ex-ante economic surplus models with muitiple markets
and agroecological zones.

Variable disaggregated by

Research evaluation variable (Sub) Technology Region Zone Time
Commodity dependent

Quantities produced
Quantities consumed

Price

Supply elasticities

Demand elasticities
Research (supply-shifting) effects
R&D time lag

Probability of success
Adoption data (max. adoption
level, timing)

Spillover potential

R s
TRgRRRRS
<
R 9

A N N N N N N N N N
AN

va v

a Calculated by the evaluation model based on spatial aggregation weights (taken from a GIS).
b Calculated by the evaluation model after initial conditions are specified.

To implement this type of analytical framework requires data from a range of agricul-
tural production, market, natural resource, research, and extension data sources, and
clearly this represents a challenge to research analysts. From the methodological per-
spective some of the key analytical steps in the research evaluation process are

a. delineation of zones of potentially homogeneous technology impact
b. estimation of the direct effects of targeted technology in each zone
c. estimation of potential spillover effects

The remainder of this section will describe specific techniques that could be used to
implement these three steps in the context of a LAC regional research evaluation frame-

5 The framework would also support the analysis of subnational regions as required.
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work. These techniques are increasingly being embodied in quantitative algorithms, soft-
ware products, and training materials that, together with the growing body of analytical
expertise in the region, can significantly increase the capacity for quantitative support to
research decision makers in LAC.

Zoning
Aggregation, classification, and technology

There are a number of fundamental difficulties with zoning, particularly at the level of
regional analysis. Given that optimum land management and production methods can
change on a field-by-field basis in agroecologically diverse areas, how is it possible to
delineate meaningful zone boundaries at a regional or even a national scale? This trade-
off between scale and accuracy is not a new problem either to information science or to
natural resource specialists, and historically the solution has been to classify environ-
mental characteristics in ranges appropriate to (a) the application for which the classifi-
cation is being made, for example, delineation of areas suitable for food crop production,
or (b) the natural occurrence of environmental patterns (environmental clusters). At high
levels of aggregation it is customary to identify and group commonly occurring associa-
tions of ranges, as in soil science, where soil mapping units frequently represent com-
plexes or associations of different physiographic units and/or soil types. Since these
associations are usually quantified in proportionate terms, precise spatial definition is
lost, but information on the heterogeneity occurring within each mapped unit is retained
for subsequent analysis.8 Another important principle involved is to maintain compatibil-
ity between the hierarchical (aggregation) level of environmental characterization and the
hierarchical (aggregation) level of production system characterization. Thus, it would be
misleading to match the precise environmental requirements of a specific crop cultivar
with an agroecological zoning scheme designed for application at a continental scale, a
scheme in which zones are likely to be highly heterogeneous from the perspective of the
cultivar.

Two important technologies are rapidly changing perceptions and practices on the
subject of zoning; these are geographical information systems (GIS) and remote sens-
ing. Much of the historic need for classification was related to the constraints of manual
analysis and mapping whereby early classification (reduction) of the information content
was essential to make analysis tractable. Classification results in the delineation of more
contiguous zones and, thus, a simplified mapping process. Raster-based GIS and
remote sensing technologies support the computer-based storage, analysis, and “map-
ping” of very large quantities of spatial data. Computer-derived images are made up of

6  For example, the mapping unit “Bh12-3c” delineated on the FAO/UNESCO soil map is made up of three proportion-
al elements: soil type Humic Cambisol with heavy textures and steep slopes for 60% of the unit, soil type Orthic
Acrisol with medium texture and medium slopes for 30% of the area, and soil type Dystric Fluvisol with medium tex-
ture and gentle slopes for 10% of the area.
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individual rectangular pixels, each representing, in the case of satellite data, 100 to 400
square meters at the most detailed level. Adjacent pixels can depict totally different
agroecologies. Similarly, point data from climate stations and soil pedons are increas-
ingly being stored in their original format and only analyzed and spatially interpolated to
meet the requirements of each new application, thus minimizing information loss or dis-
tortion associated with classification. These developments do not undermine the useful-
ness of classification and zoning, but, rather, they result in the practice of classifying and
zoning much later in the analysis cycle, often only for the purposes of output presenta-
tion.

A final issue concerns the type of zoning information generally available to research
analysts compared with that ideally required to support research evaluation.
Agroecological analysis can delineate zones that are likely to exhibit a homogeneous
physical response to the application of new technology. However, the actual (or realized)
response is limited by the market, infrastructural, institutional, cultural, and other condi-
tions governing technology adoption and use. If purely agroecological zoning criteria are
used, then the research evaluation analysis must use other means to estimate actual
adoption/impact that may occur within AEZs of uniform potential impact. For this reason,
inter alia, it is becoming more usual to incorporate adoption-related characteristics into
the spatial zoning process, that is, to make combined ecologic-economic zones.

Zoning methods

Issues of scale, purpose, and the availability of such technologies as GIS and remote
sensing have all influenced the approaches taken to zoning. Furthermore, the complex-
ity of zoning is, as we have seen, increasing as the defining criteria (spatial overlays)
increase. The earlier work, such as FAO’s AEZ study for LAC (FAO 1981) used relatively
few thematic layers to delineate the agroecological boundaries to production potential.
While there is still great scope for improving the agroecological component of spatial
analysis at the regional level, there is growing acceptance that many other spatially vary-
ing factors governing both production potential and technology adoption warrant incor-
poration into the zoning process.

A related but separate issue from the number and type of variables used to delimit
zones is that of the particular zoning method adopted. There are many approaches to
agroecological classification and zoning (Young 1987) and, with respect to LAC, four of
these, summarized diagrammatically in Figure 2, are considered most relevant:

a) Fixed zones

On the basis of an expected range of potential production systems and environmen-
tal degradation hazards, a general set of environmental classification criteria are
defined. When applied to the land resources database of an area, the criteria trans-
late into spatial boundaries that delineate zones. These zones are fixed regardless
of the actual land use or agroecosystem options that are eventually tested. The FAO
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b)

d)
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AEZ methodology adopts this fixed approach to zones.?” Because ACIAR's research
priority study used FAO’s AEZs, the fixed zone approach was inherent in their origi-
nal research evaluation methodology.

Dynamic zones

Here adaptability and degradation criteria are identified separately for each potential
production system. Thus, a different spatial definition of zones, that is, a new zonal
map, is produced for each individual or group of production systems. This approach
has been used in ISNAR’s collaborative ex-ante research evaluation project with the
Ministry of Agriculture in Indonesia. '

Cluster analysis

Here the starting point is not potential production systems, but the land resource
database. Although conditioned by the selection of zoning variables and the statisti-
cal control parameters, an otherwise unhindered statistical grouping of environmen-
tally similar clusters is obtained. Once defined, these clusters can be interpreted by
agronomy/land evaluation experts to assess their relevance to specific production
systems/land uses.

Production geography

In this approach the starting point is the actual distribution of production. This distrib-
ution can be characterized from a number of perspectives including agroecology,
socioeconomics, and the institutional and policy environment. The characteristics so
identified can then be used to delineate zones in other geographic areas.

Comparison of zoning methods

All of the above methods have their strengths and weaknesses. The fixed and

dynamic zone methods are conceptually very close. An extremely disaggregated set of
fixed zones—that is, many classification criteria and, hence, zone boundaries—could con-
ceivably be aggregated into (dynamic) production-specific zones for each new produc-
tion system. In practice, however, classification boundaries for fixed-zone systems tend
to be oriented to general cartographic needs and seldom coincide with the requirements
of any individual potential production system. On the other hand, the criteria used for
dynamic zoning are selected to correspond with the agroecological thresholds related to
specific production systems.

7

The fixity of zones is not inherent in FAO's AEZ concepts, but represents the way in which the concepts have been
implemented in the original global study and in various subsequent country level studies.
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Before the advent of computer-based GIS, zones were manually defined. Fixed
zones then had the distinct advantage that zoning was performed only once, regardless
of the number and type of production systems. The significant disadvantage, however,
is that the zones so delineated may have considerable spatial mismatch with the actual
requirements or tolerances of specific production systems. The dynamic method over-
comes this problem since it redefines zones for each production system (or group) to
match its precise requirements,8 but it does have the disadvantage of requiring a capa-
bility to update zones as new production systems are analyzed. Updating involves the
addition of delimiting criteria by digitizing or spatial interpolation. Dynamically defined
zones, by virtue of their more precise criteria, should not only provide better spatial def-
inition, but should also display greater homogeneity in their response to research.

Cluster analysis takes a fundamentally different approach by not predefining classifi-
cation boundary values, but by defining only a set of characterization variables from
which statistically significant environmental “cluster” boundaries (i.e., classification crite-
ria values) are estimated. Expert judgment is then used to match defined clusters with
production system requirements or tolerances to determine some acceptable aggrega-
tion of clusters that have broadly similar production system responses. This is not always
easy. Experts are required to make judgments in a multivariable domain (compared with
fixed and dynamic zones where variables are treated independently);® secondly, there is
not necessarily a close correspondence between the naturally occurring agroecological
clusters and the specific requirements of production systems. There are also some the-
oretical and practical difficulties in the statistical analysis itself, such as the choice of “dis-
tance” algorithm and the user specification of the number of clusters, both of which affect
the clustering results. Nevertheless, the method does help to identify naturally occurring
clusters that, by virtue of their size and/or location, could become the subject of research
and development. Thus, cluster analysis is well suited to locating potentially significant
environmental niches, and can help to recognize mismatches between the adaptability
ranges of, for example, current germ plasm and environmental clusters occurring in
zones to which that germ plasm may be targeted.

Cluster analysis is somewhat like the fixed zones approach if analysis for a new pro-
duction system is made by a reinterpretation of existing cluster groupings, rather than by
totally redefining cluster boundaries. Cluster analysis is a means of aggregating envi-
ronmental space. The only way in which the clustering process is related to a specific
production system is if the selection of cluster variables is production-system biased. In
this case, there is scope to redefine cluster variables and, hence, clusters on a produc-
tion system basis.

8 The limits of precision are defined by (a) the extent to which the production system requirements or tolerances are
known, and (b) the level of aggregation inherent in the underlying environmental data.

9 This is not to say that the independence (ceteris paribus) assumption is more scientifically defensible—rather that
it has proved a more practical way of eliciting expert opinion on crop requirements or tolerances.
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The production geography approach is manpower intensive, but does (theoretically
at least) allow for the complete characterization of production. In this sense, it comes
closest to the ultimate goal of identifying areas of homogeneous technology impact
including adoption.1© However, the approach is by definition limited to current practices,
practices that do not necessarily provide reliable indicators of the likely impact of new
technologies. For example, research may seek to shift the environmental adaptability
range of a crop or to improve its tolerance to geographically specific pests and diseases.
In this case, the potential impact of the new technology may define a significantly differ-
ent production geography. Alternatively, the crop geography approach may be seen as
a relatively rigorous scientific attempt to determine productivity, adoption, and, to some
extent, sustainability criteria that could be used in any of the ways described above to
help delineate zones beyond the current areas of production.

Assessing the Direct Effects of Research

Zoning is a means of bracketing the spatial extent of homogeneous areas with
respect to the effects of new technologies. For the purposes of research evaluation,
however, it is also important to quantify the likely level of impact within each homoge-
neous zone. In the section on technology impacts we saw some of the ways in which
research effects can be measured, with the note that, for economic surplus methods,
they need to be expressed ultimately as a reduction in the unit cost of production.

In an ex-ante setting, since experimental data will be limited or nonexistent, there are
essentially two methods of estimating likely research impacts: by expert elicitation or by
some form of quantitative algorithm. Expert elicitation is labor intensive and demands the
willingness of scientists to participate in an essentially empirical review of their scientific
endeavors. However, the elicitation process, an informal Delphi procedure, does allow
experts to take into account complex and nontechnical factors that would otherwise be
difficult, if not impossible, to represent in a modeling framework. The elicitation approach
is also amenable to exploring important disaggregations of the research domain, for
example, by eliciting expected impacts on the basis of important technology groups such
as genetic improvement, pest/disease control, and crop/animal husbandry. Such a
framework for disaggregated expert elicitation has been described by Pardey and Wood
(1993). '

Analytical impact estimation has proved possible mainly on the basis of projecting
research-induced changes in various partial productivity measures such as changes in
output per unit of land, labor, fertilizer, and so on. These productivity estimators can be
used to infer measures of unit cost reduction. However, the major limitation in this
approach is to find a range of practical models that can address all of the various ways
in which productivity could be enhanced by new technologies. To the extent that tech-

10 Acloser approximation to this objective could also be obtained by including appropriate variables in any of the other
methods.
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nologies may seek to change the agroecological adaptability of crops, for example, with
respect to drought or frost tolerance, then various types of crop growth models may be
appropriate. Similarly, environmental degradation models could be used to assess some
of the likely effects of research on the environmental consequences of agricultural pro-
duction. At a practical level, however, the capacity to make routine ex-ante impact
assessments on an analytical basis appears limited for the foreseeable future, and
expert elicitation seems likely to remain the method of choice.

One significant limitation of the elicitation approach is the tendency of scientists to
overstate the likely impacts of their work. Given research and development time lags of
4 to 12 years, there may be little incentive to be cautious in their expectations. One
means of bringing more objectivity into the assessment is to seek the independent
review of research impact estimates (e.g., independent from the scientists proposing or
undertaking the research). Another is to calibrate expected impacts with, at best, results
from ex-post evaluation studies of the effects of research or, otherwise, historic produc-
tivity trends for the commodity of interest. Productivity trends serve as an upper bound
to past research achievements since they include the impact of factors other than
research.

Whatever method is used, it is important to distinguish whether the impact analysis
is assessing only potential impact (assuming full adoption), or realizable impact that
takes into account technology adoption regimes.

Assessing the Spillover Effects of Research

The basic choices in assessing potential technology spillovers are the same as for
assessing the direct effects of research, but in this case there is more scope for some
type of analytical solution. While the direct effects of research need to be assessed on
an absolute basis, potential spillovers are required only in relative form, for example,
zone A’s technology would likely have 60% of its zone A impact if adopted in zone B.
Analytical approaches are often built around the assumption that yield relativities
between zones can be used as a proxy for spillover potential (Patamawadee,
Setboosarng and Arepagorn 1991). Thus, in the case quoted above, the change in zone
B’s yields would typically be 40% lower than the change in zone A. Even assuming this
was a reasonable assumption in transferring technologies from zone A to zone B, there
is little credible basis to accept the inverse relationship, that is, that zone B’s technolo-
gies would have a 66% higher impact in zone A than in zone B. Spillover potential must
be calculated in both directions and this assumption implies that a matrix of zone-to-zone
spillover coefficients would be symmetric. Furthermore, it has been the practice to set
the leading diagonal elements to unity on the basis that zone A's technology should
always be able to “spill” perfectly into zone A (Davis 1991), and that the off-diagonal val-
ues have values in the range 0 to 1.0.

Practical experience has shown that most of these assumptions are questionable.
Firstly, asymmetry in spillovers appears common. One rationale is that technologies
developed for zones that have little or no agroecological constraint probably have little
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agroecology bias (environmental specificity) and may therefore “travel well” to less favor-
able zones. Conversely, technologies developed for zones facing severe agroecological
constraints would presumably be addressed, in part or in whole, to overcoming those
constraints and, therefore, are less likely to have a corresponding cost of production (or
yield) effect in zones where those constraints do not apply. On the question of coefficient
values it has been shown that technologies targeted to one zone may actually perform
better in a different zone. For example, many small ruminant technologies in Java are
targeted to the coastal plains to promote product diversification in predominantly rice
growing areas. However, those same technologies have much greater impact in the
cooler highlands where the general health and prolificacy of small ruminants is much bet-
ter. Thus, the spillover coefficient from lowland to highland is greater than unity (and,
conversely, highland to lowland is probably significantly less than unity). Finally, for rea-
sons of heterogeneity within zones it is possible that technologies targeted to one zone
may be applicable less than perfectly in some parts of that zone. Thus, if zones are made
up of environmental associations (see the zoning section “Aggregation, classification,
and technology”) technology impacts may be significantly reduced in some of the more
agroecologically unfavorable components of the association.

It is widely considered that early estimates tended to overstate technology spillover
impacts. Problems arise in assessing the extent to which a potential “spill-in” technolo-
gy is superior to existing or emerging technologies in receiving zones. Linked with this
is the issue of complementarity or substitutability of research (see “Technology Transfer”
section). In discussing both of these issues, Pardey and Wood (1993) suggest that if
potential spillovers are elicited or estimated according to disaggregated technology
groups, for example, germ plasm spillover potential or crop management spillover poten-
tial, then a conservative rule-of-thumb is to view similar technologies as substitutes, but
dissimilar ones as complements. A completed example of impact assessment using this
approach is presented in Box 1.

REGIONAL EXPERIENCES, ISSUES,
AND RECOMMENDATIONS

The preceding sections have highlighted some of the conceptual and practical issues
involved in developing a research evaluation framework appropriate for the regional and
subregional level in LAC. This section reviews some of the regional experiences to date
in the fields of agroecology and research impact assessment, as well as the existing insti-
tutional and organizational structures that are available to support the future development
of this work. Despite the significant political, institutional, and technical challenges that
a truly regional approach to research evaluation would present, there are many reasons
to believe that it is both feasible and worthwhile. One major cause for optimism is the
history of regional and subregional research collaboration, coordinated and nurtured by
lICA, in particular through its Technology Generation and Transfer Program.

The sections to follow deal with some specific areas of regional concern, along with
a brief description of the type of methodological enhancements that would be necessary
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Box 1: A worked example of calculating the direct and spillover effects of technology.

This example estimates the effects of research for a single zone (A), assuming the existence of two
zones (A and B) to which research is simultaneously targeted. Expected targeted effects (e.g., unit
cost reductions) and spillover coefficients are assumed to have been elicited on the basis of two
major research technology thrusts, namely germ plasm improvement and crop management.

To assess total effects it is assumed that “like” technologies are potential substitutes (so that only
the largest effect will be selected) whereas “unlike” technologies are complements (so that the
effects are considered additive).

Expected targeted effect?
Zone A Zone B
(dollars)
Germ plasm improvement 2 3
Crop management 3 6

aMeasured, say, as reductions in production costs per unit of output.

Spillover matrix: germ plasm improvement Spillover matrix: crop management

To Zone A To Zone B To Zone A To Zone B
From Zone A 1.0 0.5 From Zone A 1.0 0.66
From Zone B 0.5 1.0 From Zone B 0.66 1.0

Potential spillover from B to A

$3x0.5
$6 x 0.66

Germ plasm improvement
Crop management

Total effect in zone A (direct and spillover)

max. germ plasm (2, 1.5) + max. management (3, 4)
$6

The total impact in zone A of $6 with this algorithm is much more realistic than that of $10.5
obtained assuming all spillovers are complementary (as the Davis, Oram and Ryan (1987)
approach appears to do). As the number of zones in which research is being done increase, it is
more likely for potential spilling effects to be grossly overestimated if no attempt is made to discern
substitutable from complementary technologies. In the example shown, zone A germ plasm tech-
nology would be applied in zone A, but zone B crop management practices would be used in zone
A since, even after discounting for spillover effects, these technologies are expected to reduce per
unit costs of production by $4 in zone A compared with the $3 unit cost reduction of the best of zone
A's own crop management technologies.
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to properly address existing or emerging regional issues. Finally, suggestions are made
on how the proposed quantified research evaluation framework could evolve, with spe-
cial emphasis on the enhanced role of agroecology within the overall framework.

Regional Experiences

In the fields of both agroecological analysis and research evaluation the LAC region,
as a whole, has much expertise and experience, while on a country-by-country bassis,
particularly in some of the smaller NARSs (national agricultural research systems) of
Central America and the Caribbean, a good deal of variation appears to exist.

Characterization and classification of space

Almost without exception, both NARSs and regional IARCs (international agricultur-
al research centers) have experience in agroecological classification and mapping, and
some are already familiar with the integration of data on the socioeconomic classification
of space. Such activities are supported by rapidly growing familiarization with GIS and
remote sensing technologies, the regional availability of satellite receiving stations, and
good access to sources of data and expertise beyond the LAC region itself.

The region is rich in its share of classification systems, zoning studies, and various
forms of land resource appraisal. At the agroclimatic level, the region is the home to two
extensively used systems, those of Papadakis (1961, 1966, 1970, and 1975) and
Holdridge et al. (1971). Papadakis developed a hierarchical, multidigit decimal coding
system to classify agricultural environments throughout the world. The classification
scheme is made up of fairly complex combinations of temperature and humidity ranges
and patterns of occurrence that result in many hundreds of possible classes. The
Holdridge system was developed specifically for the tropical zones of Latin America, pri-
marily for forest areas, but it has found a much broader application with natural resource
scientists in the region. Based on a triangular nomogram, the system relates annual
rainfall and temperature (assuming a fixed potential evapotranspiration ratio) to various
climatic groupings defined in terms of indigenous, tropical-American, vegetation zones.
A third system in use at the regional level is the agroclimatic classification system devel-
oped by FAO to support its global AEZ study (FAO 1981). The method defines agrocli-
matic zones on the basis of thermal zones (called “major climates” in the early FAO doc-
umentation) on which were superimposed isolines of the “length of growing period”
(LGP). LGPs were calculated from rainfall observations and potential evapotranspiration
estimates in a simple soil moisture accounting model using a fixed “reference” soil mois-
ture holding capacity of 100mm."" Both the Papadakis and FAO systems have the

11 Although at the country level FAO studies have used additional overlays, e.g., LGP pattem (year-to-year variation of
LGP) in Mozambique, Kenya, and China, and others in Bangladesh. Furthermore, the thermal zone and LGP class
boundaries are not fixed. Thus, country specific classifications and the ecoregions proposed for TAC/CGIAR adopt
a variety of agroclimatic aggregations.
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advantage of being applicable throughout the LAC region, and FAO’s system has the
additional advantage of being available in digital map format.

However, advances in information technology in general, and GIS and remote sens-
ing in particular, are eroding the need for fixed classification systems. It is now cost-effec-
tive to store and manage large volumes of data and to analyze and spatially interpolate
them to suit the precise requirements of specific applications. A good example of this
approach is CIAT's METGRID system which is a large climate station database that is
periodically reinterpolated onto a raster grid in an unclassified format (see Jones 1990).
These data support all kinds of agroclimatic analyses including, if necessary, classifica-
tion according to any or all of the Papadakis, Holdridge, or FAO systems. There are
many examples of agroclimatic zoning studies in LAC. For example, at a regional level
there is the agroclimatic component of FAO’s AEZ study (FAO 1981), at a subregional
level there is the agroclimatic study of the Andean zone (Frere et al. 1975), and at the
national level there is the agroclimatic map of Chile (INIA 1989).

The systems described above are for general climate classification, albeit in the agri-
cultural and forestry sectors. However, there are also plenty of examples of production
system or commodity specific agroclimatic classification and zoning systems. Perhaps
the most widely known are the mega-environments used by CIMMYT to stratify their
breeding and management programs at the highest level. Although the wheat mega-
environments are determined by climatic factors, the maize mega-environment classifi-
cation also includes color and texture properties of the maize grain, and both systems uti-
lize temperature and elevation criteria in ways that appear to lead to nonuniqueness in
zoning. CIMMYT has recently established a GIS unit to help clarify some of the practi-
cal applications of the mega-environment concept, and to help expand commodity spe-
cific environmental analysis at macro and micro levels.

To identify AEZs as they are defined in this report requires recognition of physio-
graphic and edaphic heterogeneity within agroclimatic zones. At the regional scale,
FAO’s AEZ data sets combine the FAO agroclimatic classification system with the 1:5M
FAO/UNESCO Soil Map of the World (FAO-UNESCO 1974 and 1975). Once the map-
ping unit associations are decomposed, the FAO AEZ database comprises AEZ charac-
terization by country, thermal zone (14), length of growing period (27), soil type (132), soil
slope (3), soil texture (3) and soil phase limitations (20), where bracketed figures indicate
the number of classes. However, because the soil-related information is derived from a
mapped soil association, the spatial definition of individual entries below the mapping unit
level is lost. Nevertheless, information on soil heterogeneity is retained for analytical pur-
poses. A much more comprehensive data set has been compiled by CIAT at a scale of
1:1M of the land (including climate) resources of tropical America (Cochrane et al. 1985).
The maps associated with these data sets have been digitized in vector format
(ARC/INFO) and subsequently rasterized. FAO's AEZ data is known to be available on
a 10-minute (approximately 18km at the equator) grid, while CIAT’s land resources data
is rasterized on a 5-minute by 4-minute grid. A major effort is also being made within the
region to implement the UNEP/ISRIC SOTER soil and terrain digitized database at 1:1M
scale (UNEP/ISRIC 1990). Following successful pilot studies, subregional groups have
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assumed the responsibility to secure funds and proceed with implementation according
to a standardized methodology. The time scale for availability of SOTER data sets is
unclear, since funding remains uncertain. In addition to the regional and subregional
published work of FAO and CIAT, there is a wealth of data at the national level from a
wide variety of land resource assessment and agroecological zoning exercises, usually
published at a scale of 1:500,000 to 1:1M. One representative example is the
Agroecological Map of Colombia, published jointly by the Agustin Codazzi Geographical
Institute (IGAC) and Instituto Colombiano Agropecuario (ICA) at a scale of 1:500,000 in
1985. Additionally, there are many other land resource assessments in which some form
of agroecological zoning is implicit, such as the 1:1M scale land resource capability
assessment of Argentina (UNDP/Ministry of Agriculture 1986).

In addition to its extensive work in land resource assessment, CIAT has pioneered
the development of crop-specific characterizations of space with its crop geography-
related activities. This approach has gradually been extended far beyond agroecology
into characterizations of the socioeconomic and market aspects of production systems
and determinants of technology adoption. CIAT has focused on its mandated commodi-
ties, including rice, cassava, beans, and tropical pasture; perhaps the most widely pub-
lished of these activities is its work on cassava production systems (Carter 1986, and
Carter and Jones 1989).

A compilation of maps in computerized digital format generated by some of the stud-
ies described above has been prepared as a companion volume to this report (Wood and
Panghudi 1993). Samples of important thematic maps drawn from this volume are pre-
sented in Figure 3. The figure illustrates FAO's agroclimatic variables: (a) thermal zones,
(b) length of growing period, (c) an aggregation of FAO-UNESCO soil information pre-
pared by CIAT,2 and (d) a mapping of land accessibility also prepared by CIAT. Itis easy
to imagine, even at this scale, the enormous range of potential production environments
represented by the superposition of these themes alone.

CGIAR ecoregions

Of particular importance in a regional research policy and priority setting context is
the appropriate division of labor and research emphasis between national, regional, and
international research agencies. In this regard the ecoregional framework that supports
current CGIAR thinking about the system’s structure, problem focus, and its relationship
with NARSSs is of special interest. In its present formulation, this classification scheme
fails to account for variations in soil and terrain attributes but captures important agrocli-
matic characteristics.

Table 4 provides a summary of the names, classification criteria, and “global” inci-
dence of the ecoregions.

12 CIAT took dominant soil types as representative of each FAO-UNESCO mapping unit, but the image presented here
has been aggregated to the level of soil group. The image is thus two levels of aggregation removed from the asso-
ciated computerized database of soil information.
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Table 5 shows, for many of the larger LAC countries, the proportion of arable land
that falls within a particular AEZ. Clearly, this is a coarse classification scheme. Five of
the 20 countries in the region have been assigned to a single agroclimatic zone and 7
countries have been assigned to just 2 zones.

Table 5. Proportion of arable land by CGIAR ecoregions for LAC (percentage).

Zone
Country 1 2 3 4 5 6 7 8 9
Argentina 8 16 5 69 2
Bolivia 18 14 19 49
Brazil 7 29 20 45
Chile 100
Colombia 32 68
Costa Rica 7 10 82
Cuba 58 42
Dominican Rep. 100
Ecuador 27 3 21 50
El Salvador 41 59
Guatemala 3 97
Haiti 100
Honduras 29 71
Mexico 12 15 17 27 29
Nicaragua 100
Paraguay 2 98
Peru 6 94
Suriname 100
Uruguay 100
Venezuela 38 46 16 '

Source: Kassam 1991.

Note: For definitions of the diﬂereﬁt agroecological zones see Table 4.

Figure 4 presents agricultural land and labor productivity patterns for the LAC coun-
tries reaggregated into the nine CGIAR AEZs defined in Table 4.13 This represents a
crude attempt to “overlay” the nine agroclimatic zones on country-specific, agricuitural

13 Because of data limitations, particularly for the smaller countries, only 20 countries are included in this analysis, but
those countries included account for an overwhelmingly large share of the region’s total agricultural output.
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input and output data. Without data on the spatial distribution of labor and output within
countries having multiple AEZs, we simply assigned national totals of labor and output to
each zone according to the level of labor and output per hectare in the country as a
whole. While this does not provide any new information on productivity measures across
AEZs within one country, aggregating productivity measures across AEZs in different
countries provides a rough measure of the impact of agroclimatic variation on productivity.
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Figure 4. Regional comparison of agricultural land and labor productivities by agroeco-
logical zones, 1961-1990.

Source: Adapted from Craig, Pardey, and Roseboom (1992).

Note: Numbers in figure refer to agroecological zones defined in Table 4. Output is measured in
terms of “final” agricultural output expressed in 1980 agricultural purchasing power parity
(PPP) dollars. Land is the stock of total hectares of land in agriculture (whether they be
arable, permanently cropped or permanently pastured), and labor is the economically
active agricultural population.



96 ' priorities for agricultural research in LAC

The horizontal axis in Figure 4 measures labor productivity, the vertical axis land pro-
ductivity, and the dotted (45-degree) lines represent constant land-labor ratios. The
graph shows that across zones in Latin America and the Caribbean there were relative-
ly small differences in land productivities, but quite marked differences in levels of output
per worker. The pampean and cool subtropical zones of the Southern Cone (AEZs 9
and, particularly, 6 and 8) have land-labor ratios ranging from two to seven times higher
than the regional average of 19 hectares per worker. The length of the graph is directly
related to the growth in productivity, so there appear to be no marked differences across
zones in this regard. Nevertheless, all of these zones exhibited some productivity
growth, so that the lower, left-hand end points of all the graphs in every case corresponds
to the beginning of the period. A flatter graph indicates a greater substitution of land for
labor (e.g., zones 6 and 8) and a steeper one indicates that labor is being substituted for
land (e.g., zone 5).

Using these ecoregions to develop broad characterizations of the developments with-
in LAC agriculture does serve to illustrate that agroclimatology plays a significant role in
shaping the pattern of productivity growth in this part of the world.14 But there is a good
deal of significant heterogeneity that these zones do not attempt to capture, not least
from the variability of physiography and soil. Certainly these zones cannot pretend to
define tolerably homogeneous production areas in terms of the productivity enhancing
prospects of a particular line of research on a particular commodity, nor the impact of that
research on the environmental consequences of agricultural production. To this extent,
it is difficult to envisage the utility of these ecoregions even in the context of a regional
priority setting exercise—which in turn begs the question of the relevance and utility of the
currently defined ecoregions to the CG (Consultative Group) system itself. This does not,
however, negate the idea that agroecological characterizations of space provide power-
ful means of analyzing the variability of research effects and their spillover potentials. But
it does appear that the CG ecoregions are too aggregated to be of much practical value,
except perhaps for such global assessments as the original FAO study that generated
the agroclimatic databases from which the ecoregions are drawn. However, it should be
noted that in the FAO study well over one hundred combinations of thermal zone and
length of growing period were mapped in the LAC region alone, compared with the
CGIAR'’s nine ecoregions.15

Research evaluation: impact assessment, priority setting,
and resource allocation

In an era of increasingly scarce funds there is a need to show that it pays to invest in
agricultural research. This has generated much interest and activity throughout the
region in impact assessment. Although most studies have focused on ex-post analysis

14  Applying this approach to data covering 64 less-developed countries, Craig, Pardey, and Roseboom (1992) show that
the discriminating power of these zones is far less dramatic in other parts of the world, particularly in Asia.

15 Although some proportion of the FAO zones covered cold or dry regions where agricultural production would not be
viable.
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of research investments, there is a growing realization that research evaluation should,
and can, do more to support priority setting and resource allocation in an ex-ante frame-
work.

In fact, the region has a relatively active history in all types of research evaluation,
mostly at the single country, single commodity level. Research evaluation cum priority
setting exercises using the scoring approach have been applied in the Dominican
Republic (ISA 1986), Ecuador (Espinosa et al. 1986), and Uruguay (CIAAB 1987), usu-
ally in the context of ex-ante priority setting. More popular have been various forms of
economic surplus studies, usually for ex-postimpact assessment (Echeverria et al. 1988,
Martinez and Sain 1983, Yrarrazaval et al. 1982). One such study of relevance to region-
al collaborative research was the multicommodity research impact assessment under-
taken for PROCISUR (Evenson and Da Cruz 1989a). Other efforts have been more lim-
ited in scope, and most have neither multimarket, nor multizone disaggregations,
although technology spillover was addressed in at least one study (Evenson and Da Cruz
1989b). CIAT has been a prime mover in the area of ex-ante analysis using economic
surplus and comparative advantage formulations (Lynam and Jones 1984, Pachicho et
al. 1987, Sere and Jarvis 1988, Velasquez et al. 1991) and, as discussed in section 4.1,
have developed a spreadsheet based ex-ante economic surplus software package called
MODEXC (Rivas et al. 1991). An ex-ante economic surplus model of the ACIAR (multi-
market and zone) type has been used in Peru (Norton and Ganoza 1985 and 1986, and
Norton, Ganoza, and Pomerada 1987), while a combined economic surplus-scoring
method approach has recently been used in Ecuador (Palomino and Norton 1992). As
part of its research evaluation strengthening, INTA is currently adapting the latest ISNAR
implementation of multimarket evaluation models (Macagno 1992).

Regional research collaboration
Macalla (1991) justifies collaborative research in the following way:

[W]e want to invest (in collaborative international research) because: (1) we con-
sider it to be more efficient (to take advantage of economies of scale); (2) there
is potential wide adaptability of the research product (varieties which perform well
under a wide variety of conditions, e.g., dwarf wheat); (3) we expect the results of
the research to have applications beyond the site on which it is done (spillover);
or (4) because the speed and comprehensiveness of the research is enhanced
by multi-locational opportunities (e.g., shuttle breeding, different pest and disease
pressures—hot spots).

Although these comments were addressed to the CGIAR collaborative research
effort, they are equally valid in the context of research collaboration in the LAC region.

Regional and subregional cooperation and collaboration in research gives every
appearance of being active and relatively successful in LAC. Perhaps the prime exam-
ples are the PROCI groupings supported by lICA, but there are many others including
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LAC networks on food crop-production systems (Red de Cooperacion Técnica en
Produccién de Cultivos Alimenticios) and animal health and disease diagnosis (Red de
Cooperacién Técnica entre Laboratorios de Investigacion y Diagnéstico Veterinario). On
the agroecological side, there are also regional collaborative groups concerned with envi-
ronmental sustainability, watershed management, acid soil management, and the
Amazon Treaty’s ambitious program of ecologic-economic zoning, which promises to
deliver much valuable data for the entire Amazon basin over the next two to three years.
Undoubtedly a significant contributing factor to this active collaboration is the high level
of communication and interchange afforded by a common language (with the notable
exceptions of Brazil and the British-speaking Caribbean). However, of primary concern
is the extent to which the potential economies of scale and scope that collaboration can
offer are actually being realized in practice.

There are many examples of regional collaborative research success, and we briefly
mention two that appear to have provided significant benefits although, as far as is
known, neither has been evaluated quantitatively. The firstis a NARS-to-NARS success
story of technology transfer facilitated by the PROCISUR germ plasm program LACOS
(Lineas Avanzadas del-Cono Sur) in which the Chilean wheat cultivar Millaleau-INIA was
found to be significantly superior to local cultivars in Paraguay. Following the shipment
of 180 tons of seed from Chile, the locally renamed Cordillera 3 cultivar was released in
Paraguay and soon accounted for around 60% of the planted wheat area (Sergio Bonilla,
personal communication). This is but one of several impacts briefly documented in the
periodic reports of PROCISUR. The only known attempt to quantify the impact of the
overall PROCISUR program was made by Evenson and Da Cruz (1989a). The second
example is of an IARC-NARS collaboration in which CIMMYT and EMBRAPA embarked
upon an ambitious program to improve wheat yields in the large, acid, savanna areas of
Brazil where aluminum toxicity and phosphorus deficiency are major production con-
straints. The collaboration evolved a system of shuttle breeding between germ plasm
pools in Mexico and Brazil. At the Mexican end were the high-yielding, semi-dwarf culti-
vars and in Brazil were the low-yielding but relatively aluminum tolerant lines. Scientists
at both ends made crosses of the most promising lines, which were then sent to the part-
ner for screening under local abiotic and disease pressures. Over the life of this program,
breeders enhanced aluminum tolerance to the extent that yields increased a minimum of
25-30% in comparison with the best pre-existing varieties.

Above, four main areas were identified in which production-related research was
focused: increased genetic potential, amelioration of abiotic environmental constraints,
amelioration of biotic constraints, and improved production management. The cases just
described are representative of the first two areas: the PROCISUR/LACOS program
identified germ plasm with superior yield potential, whereas the CIMMYT/EMBRAPA col-
laboration was specifically targeted to ameliorating abiotic constraints. Examples of sim-
ilar regional collaboration addressing biotic constraints can be seen in CIMMYT’s dis-
ease-monitoring international nursery where more rapid screening and development of
germ plasm is possible through access to a wider range of pest and disease hot spots.
In a similar way, collaborative research on crop, land, and water management practices
through various regional networks seeks to accelerate the identification and dissemina-
tion of appropriate technologies in these areas.
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However, it is not only in production research programs that regional collaboration
has been active. Regional collaboration in land resource assessment was discussed in
above. Another important long-term goal is the strengthening of research planning and
management in the region’s NARSs. It is in this latter context that capacity building in
the development of quantitative research evaluation is being proposed.

Issues from the Region

During the course of this review the goals and applications of research evaluation in
the LAC setting were discussed with a large number of the individuals identified in
Appendix 1. Many issues were raised, but several appeared to be of general concermn
and are drawn together here. It is important that these issues receive proper attention in
formulating any subsequent proposals for action.

LAC research management as a multiactor endeavor

With the active participation of IICA and IARCs such as CIMMYT, CIAT, and CIP,
regional and subregional groupings such as PROCISUR and PROCIANDINO, and the
NARSs themselves (and with an apparently strong tradition of subnational autonomy
over research planning and investment in many countries), there are many intricacies in
the formulation of research strategy at any level in LAC.1¢ A major question posed by
several managers was the extent to which it is (a) desirable and (b) feasible to formulate
a research priority setting and resource allocation decision support system that attempts
to capture this real world complexity. Such a framework would need to handle multiple
resource allocation layers and, correspondingly, multiple sets of objectives. On the other
hand, a simple analytical framework could be developed that could be applied indepen-
dently at each layer, assuming all other research allocations and impacts were exoge-
nous. However, it is difficult to escape the conclusion that the facility must exist for eval-
uation on the basis of multiple decision and investment levels even for a single national
research system. This is not a- major methodological hurdle, and ongoing ISNAR
research priority-setting projects, for example China and Argentina, are applying models
in situations where there are multiple decision-making levels from a research evaluation
perspective.

Trade

Trade is an important issue in LAC for practically all commodities. The ability of
researcH evaluation to assist in exploring the potential trade impacts of research was
questioned by several. In fact, this poses little problem to the proposed evaluation

16 Even putting aside the important issue of private- versus public-sector research roles and responsibilities.
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methodology, which is built around the concept of muitiple markets. These markets can
be individual LAC countries (or even subnational regions), but can also be important
external trading partners, e.g., the USA and EEC.17 Different expected research impacts
across zones and regions gives rise to different market impacts and these, in tum, dif-
ferentially effect relative market prices, production, and consumption levels. Trade could
be defined as occurring within the LAC region only, or it could include external markets
as required. Extensions to the basic model can also take into account various forms of
taxes and/or subsidies on a region-by-region or country-by-country basis (Alston, Norton,
and Pardey 1993). These other policy interventions can alter the size and, more signifi-
cantly, the distribution of the benefits of research. For this reason, it is important to
include them explicitly in a research evaluation exercise, especially where the distribu-
tional consequences of research (e.g., between different countries) has obvious policy
ramifications.

Beyond the single commodity approach

The growing tendency to move away from single-commodity research programs
toward, for example, agroecosystem programs has already been noted. Since agroe-
cosystems often involve multiple products, it is feasible that research impacts would be
observed simultaneously in several commodity markets. To estimate the likely levels of
research impact on multiple product systems is complex both technically and economi-
cally because of cross-commodity effects. How will this type of research be properly ana-
lyzed in the single commodity, partial equilibrium, economic surplus model?

Likewise, research into natural resource assessment and agroecology, and many
aspects of socioeconomics are all important agricultural research issues, but are often
not commodity specific and raise their own set of evaluation challenges. How can this
type of research be taken into account in a commodity-based assessment framework?

While these challenges are not new to research analysts, broadly acceptable quanti-
tative methodologies to tackle them are only beginning to be developed. It is obviously
desirable that the effects of all types of research activity be assessed within any region-
al analytical framework, and satisfactory procedures need to be developed to ensure that
this is possible.

Sustainability

A frequently asked question was whether research evaluation could “handle” sus-
tainability. As discussed briefly above, to the extent that sustainability concerns can be
related to the potential environmental impacts of new technologies then an evaluation

17 Remembering that data of the type summarized in Table 2 must be provided for each defined region.
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framework can indeed be useful. For example, the definition of agroecological zones can
include criteria that are important from an environmental degradation perspective, for
example soils of different slope, depth, and erodibility. Subsequently, technologies can
be assessed not only for their productivity impacts but also in terms of their environmen-
tal impacts in each of the zones. The zones then provide a means of aggregating poten-
tial environmental impacts across all production areas. Given the many ways in which
environment can be affected, this type of assessment would not be trivial, but the evalu-
ation framework would provide a means by which some measure of research impact on
degradation could be generated alongside more traditional and narrowly defined mea-
sures of productivity gain.

Maintenance research

There was much awareness that a seemingly growing proportion of research expen-
diture involves maintenance research (e.g., research to counter the breakdown in resis-
tance of existing varieties to pest and disease), and questions were raised about whether
research evaluation would be able to analyze maintenance research efforts. It was
hoped that evaluation would allow research managers to demonstrate, particularly to
funding agencies, the ongoing need for, and benefits of, maintenance research.

If impact assessment is made on the basis of comparing two production alternatives,
one without new technologies and one with new technologies, then maintenance
research effects would be taken into account. If, without new technologies, scientists
expect yields to breakdown by 5% over the next five years but, with new technologies,
that breakdown will be only 1%, then research (including maintenance research) will
have provided a gain (avoided loss) of 4%—on which basis the benefit of the research can
be assessed.

Flexibility in spatial decision units

Some LAC countries are very small, while others are extremely large. While there will
always be a need to produce results on a national basis, it may also be desirable and
necessary to undertake an analysis at the subnational level. The hope was expressed
that the evaluation methodology would contain the flexibility for users to select the spa-
tial unit most relevant to their analysis. Subject to the availability of suitably disaggre-
gated data, this would indeed be the case.

Implementation Options

Investment in improved quantitative support to LAC agricultural research decision
making appears timely from perspectives of relevance, feasibility, and probability of suc-
cess. The growing complexity of research policy formulation, coupled with ever-tighten-
ing budget constraints, demand improved decision aids to monitor, evaluate, and plan
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research investments. However, in a region as diverse as LAC care must be taken to
develop approaches with sufficient institutional and technical resilience—it is unlikely that
any one approach will be universally applicable. A stylized representation of the type of
overall framework envisaged is presented in Figure 5. Below is a set of ideas for mov-
ing forward with the implementation of this type of analytical framework.

Identification of the client group

There appear to be at least three client groups for improved research evaluation infor-
mation:

NARSs improving the effectiveness of national research by identifying and prioritizing
investments likely to maximize targeted impacts. Better understanding of the
potential advantages and disadvantages that may arise from transnational
research collaboration.

IARCs planning interventions in their own fields of comparative advantage in collab-
oration with, or complementary to, the work of NARSs.

Funders identifying research investment needs or opportunities in locations and in pro-
grams that address the concerns of the funding agencies, be they local
sources of support or the international donor community.

Speclfication of the primary products and services

There appears to be a need for two (phased) parallel streams of products and ser-
vices, one at a regional level and the other at national level.

Regional level. An evaluation capacity needs to be developed around a region-
ally comprehensive but relatively aggregate research evaluation database linked
to a limited range of evaluation models.'®* The minimum database requirement
covers agroecological zoning criteria in digital map form with supplemental data
on, say, land status and accessibility; market information including production,
consumption, import, export quantity and related price data; elasticities for all
major agricultural commodities, demographic and income trends; and research
system time series of personnel, expenditure and other indicators of research
capacity. In terms of evaluation methods and applications, it is probably most
appropriate to focus on ex-ante research assessments to support regional policy
analysis and priority setting. At this level the regional model would provide an
interface with IARCs and the funding community. A major area of interest would

18 The data would be held aggregated to country level except for larger countries, for example Brazil and Argentina,
where subnational units would need to be utilized.
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Figure 5.

The analysis and synthesis layers must be capable of addressing issues of multiple regions, trade (mul-

tiple markets), multiple agroecological zones, and multiple decision-making layers.
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be in identifying specific economies of scale, economies of scope and pattemns of
comparative advantage that would suggest the opportunity for various types of
bilateral and regional research initiatives to complement those at the national
level.

National level. Individual countries would have the responsibility to establish
their own research evaluation cells but could all take the regional evaluation sys-
tem as a starting point and expand the specification of their individual countries
as required. Given the potentially large number of countries involved there is an
obvious need to establish some form of phased implementation support. At this
level, the range of analysis options would need to be broader, including ex-post
impact monitoring and evaluation studies in addition to ex-ante analysis for prior-
ity setting and resource allocation. A two-way exchange of information with the
regional level could be envisaged in which the national level provided periodical-
ly updated aggregate data in exchange for updated aggregates from other coun-
tries in the region. Even at the national level, each country needs aggregate sta-
tistics from other countries in order to investigate research spillover and trade
issues.

Organizational and institutional responsibilities

IICA provides a clear institutional lead agency in terms of mandate and experience,
as well as its strong linkages to NARSs both through its subregional PROCI groupings
and direct contact. Whether IICA has the wish or capacity to house the regional evalua-
tion unit and some regional support capacity for national-level implementation would
need to be established. The involvement of IARCs, primarily the regional CGIAR cen-
ters, would be important both technically and institutionally, and probably could be
achieved on the basis of representation on a standing technical committee and/or by con-
tractual, technical backstopping services. One speculative allocation of such backstop-
ping tasks, coinciding with the major data groupings, could be CIAT-agroecology, IFPRI
(International Food Policy Institute) and CIMMYT-—policy and economics, and
ISNAR-research systems. At the national level, NARSs, themselves, would be respon-
sible for implementing and managing local research evaluation tasks, assisted, to the
extent possible, by these various support services.

Training and manpower development

Quantified research evaluation requires specialist skills. Successful development
of an in-house capacity calls for a serious and probably sustained training effort at both
the decision-making and analyst level. Research managers, and decision makers in
general, need to be informed of the type of information that could be made available to
them and how that could help in making better decisions. Analysts need to be trained in
the skills of scenario formulation, analysis, interpretation and presentation of resuits in
ways that are timely, accurate, and as relevant as possible. This implies a major effort
in the development of appropriate training materials in addition to delivery of training
courses.
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Activity plan

To explore the modalities of implementation and to allow a chance to better gauge
patterns of interest and need at the national level, the following activities could be con-
ceived:

Regional pilot study (24-30 months)
A regional research evaluation unit would be established to

— establish regional aggregate databases; agroecology,!® market-related data, and
research-related data

— evaluate and modify as appropriate existing ex-ante economic surplus model formu-
lations

— integrate database and analysis systems

— formulate, investigate, and report upon an illustrative set of regional research policy
issues

For a limited range of commodities an illustrative set of policy scenarios could be
explored. These would serve not only to test the initial adequacy of the database and
evaluation methodology, but would serve to demonstrate to funders and NARSSs the gen-
eral capabilities and limitations of the quantitative approach, in addition to generating
valuable training material. At least two of the obvious candidate commodities would be
wheat and rice. They have regional importance, provide good agroecological comple-
ments, are well documented, and could test the modalities of relationships with key
regional CG centers in this type of activity.

Preparation for national implementation (12-18 months)

— This phase (partially overlapping with the pilot regional study) would finalize the meth-
ods, procedures, and software aids necessary to commence implementation at the
national level. A key element would be the preparation of documentation and train-
ing materials to support a comprehensive program of training.

The national implementation phase (3-5 years)
— Would focus simply on the transfer and evolution of research evaluation technologies

based on the regional system, and on institutional guidance on the integration of
research evaluation into the broader responsibilities of research management.

19 As a contribution to this early work on the establishment of an agroecological framework for research evaluation, the
associated volume Digital Map Inventory of Latin America (Wood and Panghudi 1993) has been prepared.
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FINAL COMMENTS

By the mid-1980s, the latest year comparable figures are available, public agricultur-
al research systems in the LAC region employed a total of 9000 researchers and spent
over US$700 million (1980) annually. As government budgets tighten generally, there is
mounting pressure for these research agencies to be more accountable for their use of
public resources. And accountability, regardiess of the source of funds,20 increasingly
calls for a clear demonstration that the likely economic returns from research remain
attractive. While the international donor and lending community is making similar
demands for accountability, for them the potential returns to research at the regional and
subregional level are often as much of a concern as are the payoffs to research for any
particular country.

Many of these investment decisions—including how much to commit and to whom,
what types of research to support, and who should pay for what-are currently being
made with little reference to any systematic evaluation of the expected economic effects
of research. The size and, particularly, the distribution of research benefits, whether
between social groups (e.g., urban consumers or low-income farmers) within a country,
or between countries themselves, are directly influenced by a host of government pro-
grams that ultimately tax or subsidize the agricultural sector. So, in order to gain an
appreciation of the ultimate growth, equity, and environmental consequences of
research, it is not enough to study only its technological impact. This is particularly so in
the LAC region where there are widespread attempts to reduce government intervention
in domestic markets and pursue more outward-oriented economic policies. These
changes could radically alter the pattern of agricultural production and trade throughout
the region and with it, the demand for, and effects of, new agricultural technologies and
know-how.

An improved understanding of the likely economic effects of research would help to
inform research priority setting at the regional and national levels. This report deals with
the potential for incorporating agroecological considerations into an ex-ante research
evaluation framework designed to do just that. As we have described, agroecological
analysis, and the relatively cost-effective GIS procedures that are now the established
tools of the trade, can help to develop plausible estimates of the local and spillover
effects of agricultural research at the spatial scales needed for working at national and
regional levels. In this way, the informed estimates of scientists and others about the pro-
ductivity and environmental consequences of agricultural research can be integrated with
market-related data to obtain national and continent-wide estimates of the size and inci-
dence of the economic effects of research.

The analytical methods reviewed in this report in no way substitute for the best judg-
ments of scientists and policymakers in the research priority setting process. What they

20 Be they government, semipublic, or private.
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do is provide a unifying framework within which to synthesize a wide range of scientific
and economic data, be they quantitative or qualitative, which would otherwise be difficult
to reconcile and use. Thus, good judgment can be made even better and poor judge-
ments may be revealed for what they are. These procedures also enable the disparate
productivity and environmental consequences of research to be reported using a com-
parable money measure. By so doing they can reveal research opportunities and con-
sequences that at first sight may not be obvious. The potential for research results to
spill across national boundaries because of agroecological similarities may point to pos-
sible gains from cross-country collaboration in research. There again, government poli-
cies (e.g., quarantine regulations, trade restrictions, and so on) and institutional con-
straints may limit the trade in technologies that is needed to realize these spillover poten-
tials. The systematic approach described in this report pays due regard to these broad-
er economic factors without abandoning the scientific basis of research evaluation.
Striking a balance between these economic and scientific aspects is essential if notions
of regional cooperation in agricultural research are not to founder on the political and
institutional realities within which they must be implemented.
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APPENDIX 1

Institutions and Persons Contacted

ARGENTINA
INTA
Juan A. Nocetti Director of Planning
Luis Macagno Director, Operational Planning and
Resource Allocation
Carlos Scoppa Director, Natural Resources Research
Center
Cesar Rebella Director, Institute of Climate and Water,
CIREN
Dr. Musto Senior Soil Scientist, CIREN
Gustavo Moscatelli Senior Soil Scientist, CIREN
Gustavo Maccarini Senior Soil Scientist and GIS Specialist, !
CIREN |
|
CHILE ;
FAO Regional Office for Latin America and the Caribbean
Mathias Prieto Celi Regional Soils and Water Officer
Walter Couto AEZ—Soils Specialist

INIA

Sergio Bonilla Espindola  Foreign Affairs Coordinator
CIREN

Jose Antonio Bustamante Deputy Director General

COLOMBIA
CIAT

Gustavo Nores Director General

Filemon Torres Deputy Director General

Gerardo E. Haebich Associate Director, Institutional
Relations

Peter Jones Leader, Agroecological Studies Unit

Dan Robinson Forest Margins Program

Cesar Martinez Acting Leader and Rice Breeder, Rice
Program

Almiro Ramirez Suarez Economist, Rice Program
Robin H. Ruggles Project Design Officer
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Dimas Malagon Castro
ICA, Tibaitata
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Jose Antonio Forero
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Luis Carrera de la Torre

Armando Vallejo Espinel

Roberto Damanez
PRONAREG

Enrique Suarez

Guillermo del Posso
CIMMYT

Gregorio Martinez Valdes

Paul Fox

Edith Hesse de Polanco

John Corbett

Miguel A. Lopez

FAO

Robert Brinkman

Jose Benites

Marina Zanetti

D. Courteille D’Andrea

ISNAR

Christian Bonte-Friedheim
Howard Elliot

Agroecological Deputy Director General

Director
Technical Coordinator
Chief Technical Advisor, FAO

Executive Director
Project Leader MAG-FAO/ECU/0051

Head, Government and Public Affairs
Head, Intemational Wheat Testing
Head, Scientific Information Unit
Associate Scientist, Rockefeller Fellow,
GIS Unit

Economist

Chief, Soil Service (AGLS), AGL
Technical Official, AGLS

GIS Analyst, GIS Unit

Librarian, AGL

Director General
Deputy Director General
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APPENDIX 2

FAO’s LAC Regional Workshop on Agroecological
Zones Methodology and Applications”

During Stanley Wood'’s period in South America (August-September 1992) he was
invited to participate in a guest lecturer capacity at the FAO Regional Workshop held in
Santiago. In addition to delivering three lectures, on a) AEZ conceptual framework,
b) land use classification and AEZ analysis, and c) AEZ applications, discussions were
held with individual country participants on the current status of, and approaches to,
agroecological zoning and analysis in their respective countries. During the course of the
workshop discussions were held with the following participants and fellow presenters:

Argentina Gustavo Maccarini, Research Specialist, INTA-CIRN Soil Institute.

Bolivia Milton Ruiz Barea, Irrigation and Soil Conservation Projects, Regional
Development Corporation of Tarija (CODETAR).

J. Oscar Siles Salas, Photo-interpreter/Remote Sensing,
Environmental Impact Studies and Natural Resources. '

Brazil Fernando Barreto Rodrigues, Head, National Surveying and Soil
Conservation Service, EMBRAPA.

Alexandre Grimaldi de Castro, Associate Researcher, National Space
Research Institute. .

Chile - Horacio A. Merlet Badilla, Head, Climate Unit, Natural Resources
Information Center (CIREN).

Dominique Saintraint, GIS expert, FAO-GCP/RLA/107/JPN.

Ricardo Honorato Pinto, Professor specializing in soils, Faculty of
Agronomy, Pontificia Universidad Catolica de Chile.

Matias Prieto-Celi, Regional Land and Water Development Officer,
FAO Regional Office for Latin America and the Caribbean.

Colombia Pedro Rubio Rivas, Head, Classification and Correlation. Section,
Agrological Subdirectorate, Agustin Codazzi Geographical Institute.

Costa Rica Luis Alberto Arroyo Morales, Phytotechny Specialist, MAG Land Use
Planning Directorate.

Gilberto Palacio Alvarez, Soil Erosion Researcher, Universidad
Nacional, Heredia.



Cuba .

Dom. Rep.

Ecuador

El Salvador

Guatemala

Honduras

Indonesia

italy

Mexico

Nicaragua

Paraguay
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Francisco. J. Arcia Porrua, Assistant Researcher and Head, Soils
Section, National Sugarcane Research Institute.

Tomas Montilla, Cartographer, Division Head, Agriculture Secretariat.
Guillermo del Posso Moncayo, Head, Technical Coordinator MAG-
FAO/ECU/0051 Project, Natural Resources Studies Division,
PRONAREG-MAG. o

Armando Vallejo Espinel, Technical Coordinator, Amazon Cooperation
Treaty. :

Ramon Garcia Vasquez, Head, Project Division, Subdirectorate for
Irrigation and Drainage, General Directorate of Natural Resources,
Ministry of Agriculture and Livestock.

Carlos Fernandez Rivera, UNDP-DIRYA Consultant, National
Irrigation Plan.

Carlos Orozco Ovando, Regional Planning Consultant, Research and
Social Studies Association (ASIES).

Candido Alberto Ruiz, LUPE Project, Forest Specialist, Ministry of
Natural Resources recommended to USAID Office.

Mario Roberto Nufiez, Agronomist, LUPE Project.
Ulrike Wood-Sichra, Advisor, FAO.

Jacques Antoine, Technical Officer, AGLS, FAO.
Jose Benites, Technical Officer, AGLS, FAO.

Eduardo Garcia Cardona, Biologist, Section Head, INEGI-General
Directorate of Geography.

Luis Herrera Gadea, Agronomist, Head, Forest Resources Evaluation
Dept., Nicaraguan Institute for Natural Resources and the
Environment (IRENA).

Lorenzo Alfonso Ortiz, Natural Resources Planning and Management
Project, Ministry of Agriculture and Livestock.

Miguel A. K. Moriya Roa, Head, Natural Resources Division, Technical
Assistance, SEAG-MAG.
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Peru Jorge Ordoitez, H., Director, National Cadastre Program, PRONAC,
Ministry of Agriculture.

Cesar Cervantes Galvez, Director General, Integrated Studies on
Natural Resources, National Office for Natural Resource Evaluation

(ONERN).
Uruguay Walter Couto, Advisor, FAO.
Venezuela Mireya Mireles, Researcher |l, National Agricultural Research Fund

(FONAIAP), National Agricultural Research Center (CENIAP), IIAG,
Land Evaluation Dept.
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SUMMARY

IICA and the IDB (Inter-American Development Bank) have combined efforts in a pro-
gram entitled Priorities and Mechanisms for Coordinating and Managing Projects on
Agricultural Research and Technology Development at the Regional Level (Agreement
IICA/IDB, Technical Cooperation ANT/SF-3410-RE[4]). One of the objectives of this pro-
gram is to “design an operating mechanism for identifying priorities and conducting coor-
dination and management of agricultural research and technology development projects
at the regional level.”

The program held its first two working meetings in November 1992 in Bogota,
Colombia, sessions that were attended by directors of research institutions in Latin
America and the Caribbean (LAC) and experts in planning, evaluation, and priority-set-
ting for agricultural research. The participants asked a group of specialists to review the
report that the Technical Advisory Committee (TAC) had prepared for the Consultative
Group on International Agricultural Research (CGIAR) and adapt it for use in LAC.

This document reviews the TAC method, drawing attention to certain drawbacks.
Due to its limitations (hard to understand, insufficient information and time available), the
original model is adapted only partially. The exercise preserves the same agroecological
zones and offers a simple-to-understand method that will encourage greater participation
by decision makers.

The paper contains an important innovation based on clear concerns expressed by
decision makers. The idea is to have a methodological tool that incorporates new trade
opportunities and greater market demand for traditional and new products.

The last chapter points out certain limitations of the proposal and suggests possible
revisions of the indicators and methods being used.






INTRODUCTION
General Objectives of the Program

— Design a working mechanism to identify priorities and provide coordination and man-
agement of agricultural research and technology development projects throughout
the region, so that the different parties involved can exchange experiences and more
easily develop concrete proposals in areas of shared interest, thus making better use
of available resources.

— Develop guidelines for boosting investments in agricultural research and technology
development, in response to the processes of economic opening and liberalization
and the new interest in natural resources, agriculture, and sustainable development.

— Design mechanisms to help national agricultural research and technology transfer
systems orchestrate their work with the international centers of the CGIAR, in coordi-
nation with other donor agencies, based on the region’s own particular priorities for
agricultural research and technology development.

Specific Objective

To design tools by which the national agricultural research systems of LAC can more
efficiently allocate resources available through donors, including the IDB and the World
Bank.

The group of specialists that met in Buenos Aires produced a number of tools to help
meet this specific objective.

THE TAC MODEL FOR LATIN AMERICA
AND THE CARIBBEAN

This chapter describes the methods outlined by the TAC (originally applied to the
entire developing world) in its model for setting priorities among agroecological zones
(AEZs) and commodities in LAC. It also looks into certain assumptions, limitations and
implications of the model.
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Review of the Model

The TAC model! singles out three sectors: agriculture, forestry, and fisheries. Nine
AEZs previously defined for LAC are ranked by priority for each of these three produc-
tion sectors (see Appendix A):

AEZ1 - WARM ARID TROPICS AND SEMI-ARID TROPICS. Antigua, Suriname,
Haiti, parts of Bolivia, Brazil, Cuba, Ecuador, Mexico and Venezuela.

AEZ2 - WARM SUBHUMID TROPICS. Bahamas, Dominican Republic, Guadeloupe,
Martinique, St. Lucia, and parts of Bolivia, Brazil, Costa Rica, Cuba, Ecuador, El
Salvador, Mexico, Paraguay and Venezuela.

AEZ3 - WARM HUMID TROPICS. Barbados, Belize, French Guiana, Guyana,
Jamaica, Nicaragua, Panama, Puerto Rico, Suriname, Trinidad and Tobago, Windward
Isles, and parts of Bolivia, Brazil, Colombia, Costa Rica, Ecuador, Guatemala, Honduras,
Mexico, Peru and Venezuela.

AEZ4 - COOL TROPICS. Parts of Bolivia, Colombia, Costa Rica, Ecuador, El
Salvador, Guatemala, Honduras, Mexico and Peru.

AEZ5 - WARM ARID AND SEMI-ARID SUBTROPICS WITH SUMMER RAINFALL.
Parts of Argentina and Mexico.

AEZ6 - WARM SUBHUMID SUBTROPICS WITH SUMMER RAINFALL. Parts of
Argentina.

AEZ7 - WARM/COOL HUMID SUBTROPICS WITH SUMMER RAINFALL. Parts of
Argentina, Brazil and Paraguay.

AEZ8 - COOL SUBTROPICS WITH SUMMER RAINFALL. Uruguay and parts of
Argentina.

AEZ9 - COOL SUBTROPICS WITH WINTER RAINFALL. Chile and parts of
Argentina.

The model is then used to determine priorities for different lines of agricultural and
forestry production. For the case of LAC, the data given in the TAC and CGIAR docu-
ment (1992) rank only agriculture and forestry.

The first stage was to produce a basic priority rating for the nine AEZs, using the con-
gruence approach with three fundamental objectives (criteria): efficiency, equity, and sus-
tainability. Three “representative” indicators were selected for this purpose: value of pro-
duction, number of poor, and number of hectares in use. The model assigns a score in

1 TAC model as described in the TAC CGIAR document Review of CGIAR Priorities and Strategies FAO, April 1992
(AGR/TAC/92/18).
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direct proportion to the value of these variables, using the same scale. The assumption
is that research yields the same returns in each AEZ, and this return rises in regions that
post higher values of production, greater numbers of poor, or more land in use. This
gives a first bias for setting higher priority on regions with large countries.

For each of the three variables, this model normalizes data from the AEZs to add up
to 1000. The point values for each AEZ are then multiplied by a weight for each variable,
giving a weighted average for each AEZ, called the baseline value, that can be used to
set an initial priority ranking. Table 1 gives initial priority rankings with weights for the
agricultural sector. Appendix C (Table 1) gives the information for the forestry sector.

Once this initial priority ranking is complete, a second step is to define modifiers for
certain objectives to be used in adjusting the scores given in the congruence model.
Below are descriptions of the TAC modifiers for each AEZ, along with the direction of their
impact.

Modifier Associated Direction
Objective of Modifier
a. Gap in yields Efficiency It is assumed that as the gap nar-
rows, greater efforts are required
in strategic research (-)
b. Level of malnutrition Equity As malnutrition increases, the pri-
ority increases (+)
c. Per capita GDP Equity As per capita GDP decreases, the
priority increases (-)
d. Food "urgency" or pressure Sustainability As the urgency grows, greater is
. pressure the need for growth and
the priority increases (+)
e. Deforestation Sustainability The priority increases as defor-
estation increases (+)
f. Risk of soil degradation Sustainability As the risk increases, the priority
increases (+)
g. Capacity of national research Institutional strength The greater the capacity, less pri-
systems ority is assigned (-)
h. Size of country Institutional strength As the average country size
increases, the priority decreases (-)
Capacity for supply As the gap widens, the priority
i. Gap in food imports increases (+)
j.  Area of forest per capita Preservation of More weight is assigned to AEZ's
forest resources whose forested surface area per
capita is low ()

The modifications described are used to change the basic values presented in Table 1.
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Table 1 shows baseline values from each agroecological zone. The purpose of the
model is to adjust these values by applying the different modifiers given above.

Table 1. Baseline values for setting agricultural priorities by agroecological zone (x 000).

AEZ Value of production No. of poor Usable land Baseline value
(VOP)
Weights 0.333 0.333 0.333
1 734 824 78.7 78.1
2 198.3 1449 221.0 187.9
3 181.8 196.7 304.4 2274
4 128.2 3219 119.7 189.7
5 50.0 29.2 34.6 379
6 28.3 7.6 18.3 18.0
7 195.9 129.4 102.4 142.4
8 115.0 53.5 93.2 87.1
9 29.1 344 27.9 30.5
1000.0 1000.0 1000.0 1000.0

Source: Prepared by the authors based on TAC/CGIAR 1992.

Table 2 shows how to calculate the effect of the “yield gap” modifier, to give adjusted
baseline values. The first step is to normalize the value of the modifier to base 1 (see
line 3 of Table 2, with the AEZ6 figure as base 1). If the modifier has a negative direction
(-), it then needs to be reversed by subtracting the normalized value from one (line 4).
Muitiply this by a weight, which in the example is 0.5 (line 5). The baseline value (line 1)
is then multiplied by these weighted modifiers (line 6), so that each one is affected pro-
portionally. Divide this product by 1000 and multiply by the baseline value (line 1), so
they will all be modified in the same proportion (line 7). Make sure the figures for all the
AEZs add up to the same total as the figure in line 6. The point score for each zone is
then redistributed, subtracting the values in line 7 from those in line 6, so they add up to
zero (line 8). Finally, add line 8 to the original baseline value (line 1), giving the adjusted
baseline value.

Several different procedures can be used for normalizing the values of the modifier
(lines 3 and 4). The TAC uses a linear method, while IFPRI suggests an exponential
approach. However, it is not critical to select one particular method over another because
the effect of the modifier, as for example in redistributing points across zones, can be con-
trolled by selecting an appropriate weight.
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Table 2. Example: Baseline value adjusted by vield gap modifier.

131

Agroecological zones in LAC

1 2 3 4 5 6 7 8 9 TOTAL
1. Baseline value 78.10 187.90 227.90 189.70 37.90 18.10 14250 87.20 30.70 1000.00
2. Yield gap 0.61 084 077 053 084 090 082 086 082
3. Normalize to 1 0.68 093 0.86 059 093 100 091 096 0.91
4. Change direction (1 - line 3) 0.32 007 0.14 0.41 007 000 009 0.04 0.09
5. Weigh (line 4 _ 0.5) 0.16 0.03 0.07 0.21 003 000 004 002 004 8520
6.Line 5 _line 1 12.58 626 1646 38.99 126 000 633 194 136 8520
7. Line 1 _ line 6/1000 665 1601 1942 1616 323 154 1214 743 262 0.00
8. Net change (line 6 - line 7) 5.93 975 -296 2283 -197 -154 -581 -549 -1.25 1000.00 -
9. New value (line 1 + line 8) 84.03 178.15 22494 21253 3593 16.56 136.69 81.71 29.45

Source: Prepared by authors based on Table 1 and TAC/CGIAR 1992.

Table 3 shows how the baseline values change with the application of each modifier
in each region. The penultimate column gives the adjusted baseline value for each AEZ,
reflecting addition or subtraction of all the net changes. The final column shows percent
changes in baseline value for each AEZ. The relative priorities of the AEZs shift when the
effects of all the modifiers are considered simultaneously. For example, while AEZ 4 was
originally in second place, it drops to third priority when the effect of all the modifiers is

included.

This procedure was also applied to LAC for the forestry sector, with modifiers for
which information was available (yield gap, per capita GDP, urgency, soil degradation,
capacity of NARIs, size of country). The results are given in Appendix C (Tables 1 and 2).

Table 3. Quantitative impact of modifiers on agriculture, with a weight of 0.5.

AEZ zone Baseline Yield gap Per-capita Urgency Soll NARIs Country New %
value GDP degradation capacity size baseline  change
1 78.10 5.93 0.33 454 -2.96 12.58 -22.10 76.36 -0.02
2 187.90 -9.75 -5.87 -9.53 11.31 -4.06 26.19 196.59 0.05
3 227.90 -2.96 6.93 2.1 52.72 -6.46 22.91 298.52 0.31
4 189.70 22.83 15.57 17.41 -13.00 5.92 -63.70 184.71 -0.03
5 37.90 -1.97 -0.94 5.15 -3.55 7.75 4.02 48.44 0.28
6 18.10 -1.54 -2.00 -3.50 -0.60 4.42 291 17.83 -0.01
7 142.50 -5.81 -5.84 -4.64 -24.90 -7.31 7.20 101.34 -0.29
8 87.20 -5.49 -9.15 -13.23 -15.10 -19.69 9.27 33.65 -0.61
9 30.70 -1.25 0.98 5.92 -3.90 6.84 3.25 4259 0.39
1000.00 0.0 0.0 0.0 0.0 0.0 0.0 1000.0 0.0

Source: Prepared by the authors based on Table 1 and TAC/CGIAR 1992.
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Now that the priorities have been rescored for each AEZ, commodities can be indi-
vidually ranked for the different zones. The first step is to complete Table 4. The figures
on value of production given in Table 1 are copied onto column 1 of Table 4. Column 2
shows the final score for each agroecological zone, copied from Table 3 (penultimate col-
umn). This figure is then divided by the figure in column 1, and the result given in col-
umn 3. This tells the relative importance of each AEZ. If the index is greater than one, it
means that the AEZ'’s priority is greater as modified than it was given the simple value of
production (as in the case of AEZ 3).

Table 4. Priority index of agroecological zones for the agricultural sector.

AEZ Value of production (1) Priority (2) Index (2)/(1)
1 734 76.36 1.040347
2 198.3 196.60 0.991427
3 181.8 298.50 1.641914
4 128.2 184.60 1.439938
5 50.8 48.44 0.953543
6 28.3 17.83 0.630035
7 195.9 101.50 0.518121
8 115.0 33.65 0.292609
9 29.1 42.52 1.461168

Source: Tables 1 and 3.

Now commodities can be listed by value of production for the agricultural sector, and
then priority ranked according to their weighted value of production in each AEZ. For this
purpose, the index calculated in Table 4 is multiplied by the value of the commodity in
each AEZ. This raises the relative importance of production lines in high-priority AEZs,
and lessens the priority for lower ranked zones.

Table 5 shows modified production values for each production line in each AEZ.
These are summed to give total adjusted production value for the entire region. This
adjusted regional total is then used as a basis for normalizing the production of each
commodity by AEZ to base 100, so that the AEZs can be priority ranked for each pro-
duction line. Column 2 of Table 5 also shows percent distributions of each commodity for
the whole region. Priorities for each production line for LAC as a whole emerge clearly.
A similar procedure was followed to determine priorities for the forestry sector, and the
information can be found in Appendix C.

Limitations of the Model

It is important to understand why the TAC called for a priority-setting model to be
developed. The objective was to contribute to the CGIAR’s task of allocating resources
among regions, AEZs, production categories, and commodities, eventually also reaching
the level of individual activities (natural resources, germ plasm, and the like).
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Table 5. Percent distribution of gross value of production, adjusted by priority of AEZs.

Agroecological zones

Commodity VOP VDP

Adjust 1 2 3 4 5 6 7 8 9 Total
Rice 3.29 3.51 923 20.26 4470 7.09 1.14 0.20 1481 2.07 0.50 100
Wheat 291 212 467 0.00 0.00 1735 1429 551 2520 25.59 7.39 100
Maize 5.10 499 763 1842 2530 18.32 6.69 140 15.04 6.19 1.01 100
Barley 0.18 0.17 0.00 0.00 084 5211 16.74 2.10 854 16.46 3.20 100
Sorghum 0.91 091 1274 1594 195 36.86 18.69 2.30 0.74 10.54 0.25 100
Millet 0.01 0.01 0.00 0.00 000 000 1209 1498 499 65.93 2.00 100
Cassava 1.84 208 1044 3486 4785 0.00 0.11 0.14 6.60 0.00 0.01 100
Potato 2.00 205 4.40 1.16 0.64 65.19 4.38 1.92 8.98 8.98 435 100
Sweet potato  0.24 022 2838 1837 1504 848 6.00 6.64 1449 1.70 0.89 100
Yam 0.07 0.09 1337 1831 68.32 0.00 0.00 0.00 0.00 0.00 0.00 100
Banana, 3.37 400 12.21 17.31 3993 21.96 2.09 0.26 6.21 0.00 0.03 100
plantain
Chick-pea 0.05 006 894 1042 2286 3433 19.63 0.19 0.09 0.75 2.80 100
Cowpea 0.02 0.02 96.14 0.00 386 0.00 0.00 0.00 0.00 0.00 0.00 100

Pigeon pea 0.01 002 1355 5436 3209 000 000 0.00 0.00 0.00 0.00 100
Broad bean 0.08 009 6.02 17.78 1710 3957 690 055 9.36 267 0.06 100

Lentil 0.03 003 3.77 392 1407 2989 1037 353 1.04 1515 1827 100
Beans 2.42 245 852 2081 2777 1784 560 040 1597 179 129 100
Soybean 7.29 619 623 22,09 2705 0145 319 292 2514 1291 0.32 100
Groundnut 0.44 037 1938 2923 308 1.14 1925 2174 377 0.09 232 100
Coconut 0.35 040 12.08 2279 4641 000 1299 000 573 0.00 0.00 100
Tomato 1.22 123 919 18.05 2417 2139 791 097 9.73 483 3.75 100
Onion 0.50 050 442 1238 2457 30.10 126 165 10.88 775 7.00 100
Cabbage 0.10 0.12 6.63 604 2964 5158 38 000 000 013 214 100
Orange 9.81 980 358 3160 3774 390 223 033 1871 169 022 100

Lemon & lime 1.44 142 697 1889 2995 1208 926 250 6.08 1244 183 100
Pineapple 0.59 070 314 2126 4555 1778 303 006 9.18 0.00 - 0.00 100

Grape . 418 301 198 881 1317 382 355 842 676 3852 1497 100
Apple 092 073 000 000 000 4100 000 482 1361 2249 1798 100
Sugarcane 552 584 2085 2575 3722 000 568 115 825 0.7 093 100
Coffee 757 886 000 1796 3146 3931 000 000 1128 000 000 100
Tea 009 007 000 839 1245 1692 000 963 1051 4211 000 100
Cocoa 098 125 000 3654 6342 004 000 000 000 000 000 100
Tobacco 169 164 998 2551 3638 000 564 329 1790 012 118 100
Rubber 0.05 0.06 137 1681 67.92 0.00 0.00 0.00 13.91 0.00 0.00 100
Cotton 183 188 1140 3630 3244 014 881 441 603 000 047 100
Jute 001 001 000 2391 5279 000 000 000 2330 000 000 100
Hemp 000 000 000 000 000 000 000 000 000 000 10000 100
Sisal 011 010 2432 6614 044 000 939 000 000 000 000 100
Palm oil 018 027 024 812 9155 000 009 000 000 000 000 100
Beef 1264 1199 737 1380 2265 2045 729 285 937 1454 167 100
Sheep, goat

meat 061 057 767 979 17.73 2724 612 243 594 1977 331 100
Pig meat 232 254 743 1320 2603 3466 348 043 947 321 209 100
Poultry 3.08 333 783 17.28 3044 26.79 1.98 0.56 9.67 3.91 153 100
Milk 1117 1121 864 1592 2568 2229 553 156 10.16 829 193 100
Eggs 278 312 658 1265 2572 3836 353 052 753 368 143 100
Total 100 100

Source: Prepared by the authors based on Table 4 and TAC/CGIAR 1992.
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The CGIAR has a worldwide mandate. Because of its broad coverage, and because
of the limitations of the agroecological zone classification system it used, the information
had to be aggregated to some degree. This substantially curtails its potential contribu-
tion at the regional (or subregional) level. Moreover, the availability of high-quality infor-
mation varies tremendously from one region to another. Because all the regions were
analyzed with the same model, it was necessary to find a lowest common denominator.
This means that only such information as was available for all the regions could be used.
Another very serious limitation of the AEZ regionalization approach, already acknowl-
edged by the TAC, is that the FAO classification system overlooks soil variables (crucial
for agriculture) and topographic characteristics in defining the parameters of the regions,
limiting itself to temperature and rainfall. This constraint, undoubtedly dictated by the lack
of soil information at the world level, seriously detracts from the accuracy of the model at
higher scales of analysis.

In this general framework, the major drawbacks are the following:

— Those pertaining to any “congruence” model. As the TAC working group itself points
out, the congruence approach “assumes that the opportunities for research to gener-
ate new knowledge to increase productivity are equal across commodities,” and adds,
“[tlhe value of new knowledge produced by research is proportional to the value of
output, ignoring the cost of inputs or value added by processing.”

— The baseline values for calculating results introduce a bias into the priority-ranking
process because of the high incidence of the three indicators being used. The method
measures “efficiency” according to VOP (value of production), “equity” according to
the number of poor, and “sustainability” by usable land. The bias emerges when
regions where countries are larger receive a higher score. Even though the TAC
acknowledges that greater impact will be obtained in zones with a higher VOP, this
may not necessarily occur when benefit/cost relations are analyzed, or when effi-
ciency is measured from the standpoint of use of resources and retums to society.

— If the number of poor is used as an indicator of equity, it is not clear whether or not
this measure reflects a basic basket of subsistence goods and services differentiated
by zone. If it does not, the difference between rural and urban poverty goes unde-
tected.

— Taking usable land as an indicator of sustainability may show a positive correlation
with the risk of degradation, but not necessarily. Some indicator should be incorpo-
rated that shows the use of the land or information on prevailing production systems.

— By using the “modifiers,” the TAC has attempted to weigh other factors relevant to the
objectives of the CGIAR; such a methodology is not transparent for decision makers.
In this case, it would be more transparent to use a scoring model that assigned explic-
it weights to all the variables under consideration and that incorporated decision mak-
ers from the very beginning of the priority-setting process.
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— The TAC claims to be a demand model for setting priorities over the medium and long
term. However, it fails to factor in new trade opportunities or market trends. Most of .
the indicators and modifiers used in the analysis come from historical or current infor-
mation. This strongly conditions the outcome of the exercise toward preserving the
status quo.

ADAPTING THE TAC MODEL FOR LAC:
PRIORITIES BY ZONES AND COMMODITIES

Objectives

This chapter offers a limited proposal to fine-tune the TAC methodology for setting
research priorities in LAC, based on the original TAC approach and database. As stated
in the introduction to this document, the purpose is merely to provide an initial informa-
tion tool useful in making decisions on priorities and allocation of external resources for
the region. Its use should provide gains in efficiency.

Assumptions and Definitions
Users (Clients)

The main clients of the exercise in setting priorities for LAC will presumably be donors
(IDB, World Bank) and other institutions that supply CGIAR funding or finance regional
and national programs.

Long-term horizon

To keep this exercise consistent with the work the TAC has done, and to facilitate
comparisons, the year 2010 is taken as the planning horizon for determining future
demands for technology.

Levels of priority
Geography

In keeping with the work of the TAC, the geographic level is defined according to the
nine agroecological zones set for LAC (see Appendix A).

Commodities

This exercise used the same classification of crops and livestock defined by the TAC.
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Topics and activities

Although the TAC classification was used, it should undergo a conceptual review in
the future, based on the results of the inventory whose use and application are
described below.

Such a conceptual review is justified because the recommendations cannot be imple-
mented until the AEZs have been redefined, and until the necessary information
becomes available.

Technology

Technologies are defined as the result of investments intended to increase the gen-
eral store of knowledge and solve research problems. Research problems in the
1990s and into the next century will presumably be different from those of the past 30
years. Therefore, many of the technologies required will be different from those of the
past.

Research problems should respond to three primary concemns:

Efficiency Increase the supply of foodstuffs and marketable goods and provide a
means to meet future demand.

Equity Ir?proye conditions of income and consumption among the poorest groups
of society.

Sustainability Provide ways to maintain and improve the natural production base.

Technologies should be recommended in the framework of these three objectives,
avoiding conflict as much as possible. When necessary, research should delve into
changes in legal structures, regulations, economic and social incentives, input and prod-
uct prices, macroeconomic policies, and the like, so as to provide government officials
and other economic agents with the tools they need to minimize such conflicts.

Participatory model

Because the model is participatory, managers and directors (decision makers) are
expected to be involved on two levels:

— Formulation. This is a scoring model. A diverse group of decision makers sets the
weights for each criterion and offers recommendations on future opportunmes for
research.

— Decision making. This model, like the TAC model, generates different alternative out-
comes for decision-making.
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Priorities by Zone

Appendix B describes the formulas and equations used in setting priorities, as given
in the TAC/LAC model. The results are presented in the following sequence:
Agriculture

The TAC methodology produces three tables ranking the nine agroecological zones,

described in Appendix A, according to each of the three criteria (efficiency, equity, and
sustainability). ‘

Table 6. Efficiency.

Zone VOP GDP Weighted score
1 73.4 87.2 80.4
2 198.3 120.2 159.2

-8 181.8 . 110.2 T 146.0
4 128.2 75.8 102.0
5 50.0 120.2 85.1
6 28.3 128.8 78.5
7 195.9 117.3 156.6
8 115.0 123.0 119.0
9 29.1 117.3 73.2

1000.0 . 1000.0 o ~1000.0

Source: Prepared by the authors based on Table 1 and TAC/CGIAR 1992.

The criterion of efficiency is based on two categories:
- VOP: Value of production in each zone.

-~ Yield gap: Gap between yields attainable with available technology and yields actu-
ally obtained with the technology being used in each zone.

The values are normalized so they will total 1000. The methodology for constructing
these figures was described in detail in the previous section.

Figures in both categories were weighted with a factor of 0.5 for this initial exercise to
get the last column (weighted score). These weights work in the same way as the TAC
modifiers. If the value of production is considered a more significant criterion of efficien-
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cy, it can be given a greater weight (more than 0.5). Automatically, the weight (impor-
tance) attributed to the factor “yield gap” falls below 0.5. This type of modifier is called
an “interfactoral modifier,” because it changes the relative importance of the different fac-
tors under a single criterion. '

The interpretation of Table 6 is that zone 2 would hold the highest priority on the basis
of efficiency alone. Any additional resources for research will have a greater impact here
than in other zones in terms of increasing the value of production and reducing the yield

gap.

Table 7. Equity.

Zone Poor GDP Welghted score
1 82.4 105.0 93.7
2 1449 1146 129.8
3 196.7 97.8 147.2
4 321.9 83.7 202.8
5 29.2 112.9 71.0
6 7.6 136.7 : 72.2
7 129.4 173 123.3
8 53.5 134.7 94.1
9 34.4 97.3 65.9

1000.0 1000.0 1000.0

Source: Prepared by the authors based on Table 1 and TAC/CGIAR 1992.

Poor (poverty level): This factor is defined as the number of rural and urban poor in
each zone.

Per capita GDP: Gross domestic product per person. Because purchasing power
varies considerably among countries, this factor should actually be
adjusted with an indicator of purchasing power in each region. No
such adjustment was used in this report because the necessary
information was not available.

Weighted score: Each of the two categories (poverty and GDP) was weighed by a
factor of 0.5. Table 7 shows that region 4 holds the highest priori-
ty from the standpoint of equity.
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Table 8. Sustainability.

Zone Usable land Risk of degradation Food pressure Weighted score
1 78.7 149.1 129.5 119.1
2 221.0 212.4 90.9 174.8
3 304.4 ) 32.3 105.6 147.4
4 119.7 129.2 141.4 130.1
5 34.6 113.0 157.0 101.5
6 18.3 150.3 40.4 69.7
7 102.4 60.9 97.3 86.9
8 93.2 62.1 60.6 72.0
9 27.9 90.7 177.2 98.6

1000.0 1000.0 1000.0 1000.0

Source: Prepared by the authors based on Table 1 and TAC/CGIAR 1992.

Usable land, risk of degradation and food pressure (urgency) were defined in the pre-
vious section (“The TAC Model for Latin America and the Caribbean”). The weighted

scores in the last column were figured by assigning equal weights (0.33) to all three fac-
tors.

Table 9. Final scores for agriculture by geographic zone.

Zone Efticiency Equity Sustainability Final score
1 80.4 93.7 119.1 97.9
2 159.2 129.8 174.8 154.8
3 146.0 147.2 147.4 146.9
4 102.0 202.8 130.1 1448
5 85.1 71.0 101.5 86.0
6 785 72.2 69.7 73.4
7 -156.6 123.3 86.9 "121.9
8 119.0 94.1 72.0 94.8
9 732 65.9 98.6 79.4

1000.0 1000.0 1000.0 1000.0

Sources: Tables 6, 7, and 8.

Under this model, the weight of each criterion can also be changed with the use of
modifiers. These are called “intercriteria modifiers.” In the above table, each of the three
factors received the same weight (0.33). However, if one factor, such as sustainability,
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holds more relative importance and should have greater weight, the figure can be raised
to more than 0.33.

The configuration used here, with equal weights for all three criteria, assigns the high-
est priority to zone 2 as the geographic area where more resources should be allocated.
In this zone, investments in research would produce a simultaneous impact on efficien-
cy, equity, and sustainability greater than in the other zones.

Forestry

Table 10. Efficiency.

Zone VOP

349
205.7
369.4
135.1

3.7
5.1
1713
26.4

48.4

OCONOONDWN =

1000.0

Source: Prepared by the authors based on Table 1 and TAC/CGIAR 1992.

VOP figures for forestry differ from those in agriculture, as they are calculated to
include such products as marketable sawlogs and fuelwood.

Table 11. Equity.

Zone GDP Fuelwood per capita Weighted score
1 105.0 150.8 127.9
2 114.6 142.8 128.7
3 97.8 293.6 195.7
4 83.7 443 64.0
5 112.9 96.7 ‘ 104.8
6 136.7 53.5 95.1
7 1173 57.0 87.2
8 134.7 59.9 97.3
9 97.3 101.3 99.3

1000.0 1000.0 1000.0

Source: Prepared by the authors based on Table 1 and TAC/CGIAR 1992.



setting priorities for agricultural research 141

In the future, per capita GDP should be adjusted to reflect purchasing power in each
region.

Table 12. Sustainability.

Zone Wooded area Food pressure Risk of Weighted
degradation score
1 88.4 149.1 129.5 1223
2 267.6 2124 90.9 190.3
3 403.6 32.3 105.6 180.5
4 104.3 129.2 141.4 125.0
5 227 113.0 157.0 97.6
6 4.5 150.3 40.4 65.1
7 52.2 60.9 97.3 70.1
8 29.9 62.1 60.6 50.7
9 27.2 90.7 177.2 98.4
1000.0 1000.0 1000.0 1000.0

Source: Prepared by the authors based on Table 1 and TAC/CGIAR 1992,

The concept of wooded area is described in more detail above in the section entitled
“The TAC Model for Latin America and the Caribbean,” which also explains the risk of
degradation and food pressure (urgency). For this exercise, the same weight (0.33) was
used for. all three categories.

Table 13. Final weighting for the forestry sector, by zone.

Zone Efficiency Equity Sustainability Final score
1 34.9 127.9 122.3 95.3
2 205.7 128.7 190.3 1751
3 369.4 195.7 1805 247.9
4 135.1 64.0 125.0 108.2
5 3.7 104.8 97.6 69.0
6 5.1 95.1 65.1 55.2
7 171.3 87.2 70.1 109.1
8 26.4 97.3 50.7 58.1
9 484 99.3 98.4 82.2

1000.0 1000.0 1000.0 1000.0

Source: Tables 10, 11, and 12.
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Scores for the forestry sector show that zone 3 holds the highest priority, which is dif-
ferent from the results for agriculture. The fisheries sector was not addressed here
because too little information was available by agroecological zone in LAC.

Priorities by Commodity, Adjusting for Opportunities

Incorporating citeria of “opportunity”

Bearing in mind the limitations inherent in the TAC model for LAC, as described
above, the original model was modified by applying an indicator of future opportunities for
each commodity. The use of such a criterion is problematic for this kind of model, rest-
ing as it does on the basic assumption of present congruence. It raises the dilemma of
how to assign a priority ranking to compare a product with a very high production value
to another, whose current production may be minimal (or zero). There is no easy solu-
tion to this problem, even though it does not necessarily violate the assumption of con-
vergence. Instead, the idea is to reconcile present congruence with future congruence.
The emergence of new products with a growing intemational market can certainly raise
the demand for resources to cover research and development, and this leads to the prob-
lem of setting priorities among the various new opportunities and between these and the
traditional products from each AEZ, whose markets are better consolidated.

Proposed method and results

The first task is to gauge relative opportunities for the different commodities in each
AEZ. The following approach could be used:

1. Rate the agroecological potential of the zone for each commodity on a scale of 0 to
9. Appendix D gives a form used for quantifying the agroecological potential of the
different AEZs in LAC.

2. Simplify the information by eliminating commodities that are not appropriate for culti-
vation in the AEZ (any original ranking less than 7 is reclassified as 0).

3. This leaves four categories for consideration:

3: Maximum agroecological potential, rated 9 on the agroecological potential ques-
tionnaire.

2: Commodities rated 8.

1: Commodities rated 7.

0: Commodities rated from 0 to 6.

4. Weight these categories to give final figures on agroecological potential:
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Commodities with a reclassified potential of 3 for the AEZ:
3/(1+2+3) = 0.5

Reclassified aptitude of 2: 2/ (1+2+3) = 0.33
Reclassified aptitude of 1: 1/ (1+2+3) = 0.17

5. Obtain estimated likely growth rates of demand (annual average rate through the year
2000) for commaodities included in the TAC list. Using this information, classify the
products into four categories of future demand: 3, 2, 1 and O, corresponding to
growth rates that are high, medium, low and negligible or negative2. The question-
naire given in Appendix D was designed as an aid in obtaining information on growth
rates of demand.

6. Derive the opportunity indicator ‘by multiplying the indicator of future demand for a
commodity by the agroecological potential rating of the particular zone. Thus, the
opportunity indicator for a commodity can take one of the nine values shown in Table
14

Table 14. Opportunity indicator.

Future demand Agroecological potential
High (0.5) Medium (0.3) Low (0.17)
High (3) 1.5 0.99 0.55
Medium (2) 1.0 0.66 0.34
Low (1) 0.5 0.33 0.17

Source: Prepared by the authors.

The next step is to figure a priority ranking for commodities in each AEZ, using a com-
bined index of production value and opportunity indicator.

Questionnaires were designed to gauge agroecological potential and growth of
demand (see Appendix D). IICA’s cooperative programs were then used as a vehicle for
distributing the questionnaires among various national agricultural research institutes
(NAR:Is), representing all nine AEZs in LAC. Because the responses varied so widely,

2 If ‘t" is the growth rate, the four categories are defined as:

Negligible t<0=0
Low O<tec1=1
Medium 1<ts2=2
High t>2=3



144 priorities for agricuitural research in LAC

especially with regard to agroecological potential, an outside expert was contacted to
guide decisions on the values of agroecological potential for AEZs 2 and 3. The exercise
covered only those commodities for which the World Bank had provided estimates on
annual demand growth from 1991 through 2005. Given the limitations of the information
at hand, the results are presented only as an exercise suggesting ways to incorporate the
concept of opportunities into priority setting for commodities.

Table 15. Information on growth rate of demand, agroecological potential and calculation
of opportunity index for certain commodities.

Original data Ranked data Opportunity index

Commodity Population Potential Demand Potential
growth (%) ———

ZAE2 ZAE3 ZAE2 ZAE3 ZAE2 ZAE3
Rice 2.70 8 9 3 0.33 0.5 0.99 1.5
Wheat 3.00 1 1 3 0 0 0.00 0.00
Maize 2.50 8 8 3 0.33 0.33 0.99 0.99
Sorghum 2.50 8 7 3 0.33 0.17 0.99 0.51
Banana 1.30 9 9 2 Q.5 0.5 1.00 1.00
Soybean 3.10 . 8 8 3 0.33 0.33 0.99 0.99
Orange 2.40 8 8 3 0.33 0.33 0.99 0.99
Lemon & lime 2.40 8 8 3 0.33 0.33 0.99 0.99
Sugarcane 2.10 8 9 3 0.33 0.5 0.99 1.00
Coffee 1.00 6 5 1 0 0 0.00 0.00
Cocoa 0.30 9 9 1 0.5 0.5 0.50 0.50
Jute 2.80 8 9 3 0.33 0.5 0.99 1.50
Palm oil 8.10 8 9 3 0.33 0.5 0.99 1.50

Source: Prepared by the authoré, based on World Bank data on demand-growth for agricultural com-
modities.

Finally, the production value information presented in Table 5 and the opportunity
index calculated in Table 15 can be combined to give the priority for each commodity, as
shown in Table 16.

Information on VOP is normalized to a base of 1000. The values of the commodities
reflect a ranking based on VOP. For example, the column on AEZ2 shows that oranges,
coffee, and sugarcane are the most important products in this agroecological zone. The
same products occupy the first three places in AEZ3.

The information on opportunities given in Table 15 is adjusted to a basis of 1000 in
Table 16. The weights (percentages) to be applied to the VOP and opportunity index are
then determined. In this case, 70 percent of the final result is determined by the present
VOP, and 30 percent, by future opportunities.
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Table 16. VOP rank adjusted according to the opportunity index.

VOP Opportunity Adjusted rank order
index (Ol)

Commodity base 1000 (base 1000) 0.7(VDP) + 0.3(Ol)
AEZ2 AEZ3 AEZ2 AEZ3 AEZ2 AEZ3
Rice 65.96 96.51 95.10 125.31 74.70 105.15
Wheat 0.00 0.00 0.00 0.00 0.00 0.00
Maize 85.34 77.75 95.10 82.71 88.27 79.24
Sorghum 13.46 1.09 95.10 42.61 37.95 13.54
Banana 64.26 98.32 96.06 83.54 73.80 93.89
Soybean 126.90 103.06 95.10 82.71 117.36 96.95
Orange 287.36 227.56 95.10 82.71 229.68 184.10
Lemon/lime 24.85 26.14 95.10 82.71 45.93 43.11
Sugarcane 139.56 133.77 95.10 125.31 126.23 131.24
Coffee 147.70 171.56 0.00 0.00 103.39 120.09
Cocoa 42.45 48.86 48.03 41.77 4413 46.73
Jute 0.12 0.18 95.10 125.31 28.62 37.72
Palm oil 2.03 15.20 95.10 125.31 29.95 48.24
TOTAL 1000 1000 1000 1000 1000 1000

Weight 0.7 0.3 1

Source: Prepared by the authors.

The decision on how to distribute the weighting factor between VOP scores and the
opportunity index will reflect a trade-of between a desire to attach high priority to “tradi-
tional” products, and a willingness to assume certain risks regarding an uncertain but
attractive future.

This adjusted order reverses the priority of sugarcane and coffee in AEZs 2 and 3, in
comparison with the VOP ranking. This is because sugarcane has a higher opportunity
index than coffee for both zones. ldeally, the demand for sugarcane will grow more rapid-
ly than the demand for coffee, as sugarcane is a more suitable crop for both zones (see
Table 15).

In AEZ3, when the VOP rank order is adjusted using the opportunity index, the score
of palm oil rises from 15.20 to 48.24, surpassing even cocoa (46.73) and lime/lemon
(43.11), despite the higher VOPs of the latter. This is because of the effect of the weight
factors, with palm oil showing a higher opportunity index because it is more suited for cul-
tivation in AEZ3 or anticipates higher growth of demand than cocoa and lime/lemon (see
Table 15).
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The final “adjusted” ranking can be an important tool in reallocating research and
development resources, based on anticipated new trade opportunities over the meciium
term.

It should be stressed a table such as this is useful for comparing VOP rank order
adjusted by opportunities only within each AEZ.

Finally, the incorporation of future opportunities into the priority analysis requires
greater methodological development, especially for measuring agroecological potential
and showing how it interacts with other socioeconomic factors. It may also require fur-
ther fine-tuning of agroecological zoning. The classification of AEZs used here, as noted
by Wood and Pardey (1993:39-40), is too broad to reveal the potential production advan-
tages of similar production areas.

RECOMMENDATIONS AND SUGGESTIONS

The region should find methods for priority-setting that will minimize the limitations of
the TAC model, described in this chapter. One possibility might be the gradual imple-
mentation of methods for analyzing the region’s priorities, beginning with simple proce-
dures such as the adjusted scoring methods for LAC (improved scoring) as described
above.

As the region improves its skills at strategic analysis, it should develop models that
fully incorporate the costs and benefits of research, with indicators that more realistically
describe efficiency and more accurately incorporate the criterion of sustainability.
Another important consideration involves new market openings for the region’s products.
This circumstance requires a better methodological approach, with an urgent need to
explore how these markets will operate and how they can be measured.

Members of the group also examined objectives (criteria) and agree that efficiency
and sustainability are both important. There is some question about indicators of equity.
Various social groups are covered, including small-scale farmers, farm workers (employ-
ment), cash-crop producers, the urban poor, nutrition, and the like. While it is clear that
technology has certain effects on these groups, the effects are so diverse and the trends
are so unpredictable that the issue is a difficult one to manage. If this item is to be includ-
ed in the priority-setting process, better ways need to be found for conceptualizing and
handling it.

More appropriate indicators of efficiency are also needed, such as the effect of for-
eign trade (the absolute value of the total export and import balance). Also useful would
be the payoff of each commodity (indicators of cost/benefit, internal rate of return, invest-
ments in producing or researching the commodity), together with the yield gap, yield
growth rate, indicators of added value, indicators of comparative and competitive advan-
tages, cost of domestic resources, and future market demand. With these additions, the
criterion of efficiency could be made more accurate.
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Sustainability can be reflected with indicators of land-use intensity and potential,
based on such factors as risk of erosion and indicators of agrochemical use.

It is not clearly understood how technology affects income, employment, natural
resources, and so forth. The impact of technology would be a useful area for future
inquiry, so that indicators for subsequent resource allocation models can be improved.
Models developed for the region should have certain features such as:

1. Trénsferablllty '

Methods should' facilitate assimilation and replication by a broad range of subregions
and countries.

2. Transparency

Methods for calculation and aggregation require a number of variables. These vari-
ables should be put together according to a clear process based on a simple struc-
ture that embraces the relationships among criteria, variables, indicators, and
weights, free of ambiguities and easily understandable.

Even if methods for obtaining certain indicators are very sophisticated, the final stage
of scoring should be transparent, as managers and decision makers from institutions
intervene directly.

3. Participatory method

The mechanism should facilitate interaction among the various components of par-
ticipating institutions, such as decision makers, researchers at various levels, plan-
ners, and, if possible, other sectors outside the institutions.

These processes can be carried out to greatest advantage if people in the region are
trained in the subject, and if substantial efforts are made to build databases for the same
purposes.
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APPENDIX A

Definitions, Agroecological Zones,
and Agroecological Zones in LAC

Definitions
Tropics: Year-round mean monthly temperature above 18°C, corrected to sea level.

Subtropics: One or more months with monthly mean temperature below 18°C, cor-
rected to sea level.

Temperate: One or more months with monthly mean temperature below 5°C, correct-
ed to sea level.

Length of growing

period (LGP): Relationship between soil moisture and potential evapotranspiration (in
days).

Warm: Daily mean temperature above 20°C during the growing period.

Cool: Daily mean temperature between 5°C and 20°C during the growing period.

Cold: Daily mean temperature below 5°C.

Warm/cool:  Daily mean temperature above 20°C during part of the growing period,
and below 20°C the rest of the year.

Arid: LGP less than 75 days.
Semiarid: LGP from 75 to 180 days.
Subhumid: LGP from 180 to 270 days.

Humid: LGP more than 270 days.

Agroecological Zones

Warm, arid, and semiarid tropics: Semiarid moisture zone in the tropics. Arid
moisture zone included for purposes of irrigation and rangeland assessment, and for rec-
onciliation with political boundaries. Daily mean temperature during the growing period
above 20°C.

Warm, subhumid tropics: Subhumid moisture zone in the tropics. Daily mean tem-
perature during the growing period above 20°C.
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Warm, humid tropics: Humid moisture zone in the tropics. Daily mean temperature
during the growing period above 20°C.

Cool tropics: Semiarid subhumid and humid moisture zones in the tropics. Daily
mean temperature during the growing period from 5°C to 20°C. Includes moderately cool
tropics with daily temperatures from 15°C to 20°C.

Warm, arid, and semiarid subtropics with summer rainfali: Semiarid moisture
zone in the subtropics, and some arid zones. Daily mean temperature during the grow-
ing season above 20°C. '

Warm, subhumid subtropics with summer rainfall: Subhumid moisture zone in
the subtropics. Daily mean temperature during the growing period above 20°C.

Warm/cooi, humid subtropics with summer rainfall: Humid moisture zone in the
subtropics. Daily mean temperature above 20°C during the warm part of the growing peri-
od, and below 20°C during the cool part of the growing period. The cool part is moder-
ately cool with daily mean temperature from 15°C to 20°C.

Cool subtropics with summer rainfali: Semiarid, subhumid, and humid moisture
zones in the subtropics. Daily mean temperature during the growing period from 5°C to
20°C. Includes moderately cool subtropics.

Cool subtropics with winter rainfali: Semiarid, subhumid, and humid moisture
zones in the subtropics. Daily mean temperature during the growing period from 5°C to
20°C.

Agroecological Zones in LAC

AEZ1 - WARM ARID AND SEMI-ARID TROPICS.
Antigua, Suriname, Haiti, parts of Bolivia, Brazil, Cuba, Ecuador, Mexico and Venezuela.

AEZ2 - WARM SUBHUMID TROPICS.
Bahamas, Dominican Republic, Guadeloupe, Martinique, St. Lucia, and parts of Bolivia,
Brazil, Costa Rica, Cuba, Ecuador, El Salvador, Mexico, Paraguay and Venezuela.

AEZ3 - WARM HUMID TROPICS.

Barbados, Belize, French Guiana, Guyana, Jamaica, Nicaragua, Panama, Puerto Rico,
Suriname, Trinidad and Tobago, Windward Isles, and parts of Bolivia, Brazil, Colombia,
Costa Rica, Ecuador, Guatemala, Honduras, Mexico, Peru and Venezuela.

AEZ4 - COOL TROPICS
Parts of Bolivia, Colombia, Costa Rica, Ecuador, El Salvador, Guatemala, Honduras,
Mexico and Peru.
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AEZ5 - WARM ARID AND SEMI-ARID SUBTROPICS WITH SUMMER RAINFALL.
Parts of Argentina and Mexico.

AEZ6 - WARM SUBHUMID SUBTROPICS WITH SUMMER RAINFALL.
Parts of Argentina.

AEZ7 - WARM/COOL HUMID SUBTROPICS WITH SUMMER RAINFALL.
Parts of Argentina, Brazil and Paraguay.

AEZ8 - COOL SUBTROPICS WITH SUMMER RAINFALL.
Uruguay and parts of Argentina.

AEZ9 - COOL SUBTROPICS WITH WINTER RAINFALL.
Chile and parts of Argentina.



setting priorities for agricultural research 151

APPENDIX B
Mathematical Formulation of the Priority-setting Model

As was stated in this chapter, the exercise began with a simple scoring model based
on information from the TAC study. Certain basic criteria were selected as a basis for set-
ting priorities, and indicators were provided for each one, insofar as available information
permitted. The result was presented according to the AEZs defined by the TAC work
group.

Analytically, the model begins with the following definitions and derives a final result
through a series of equations:

We define Z; i=1.9
C j=1.3
lik k=1..nj=1.3

where Z; represents the different AEZs, C; the criteria selected for setting priorities,
and /;, the k indicators used for each criterion j.

Weight factors o, where i = 1...n, are defined as £ o; = 1, with 0 < o; <1. These
weights are applied to each of the criteria C; in the final result. Weight factors B, with
i=1...n, calculated as X B, = 1, where 0 < B,<1 are applied to each of the indicators /.

The final result for each AEZ Rz would be Rz; = Z P, forj=1...3
where P;= Ciay + Cyo, + Ca04
where C1 = ,1'1‘31 + l1'2'32 + ..+ ’1',,'3"

If a 1000 base is selected, the relative importance of each AEZ will depend on the
value it receives, as

an,-moo
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APPENDIX C

Values for the Forestry Sector

Table 1. Baseline values for setting forestry priorities by agroecological zone ( x 000).

AEZ VOP Ne¢ of Usable land Baseline value
POOB
Weights 0.17 0.33 0.5

1 349 824 88.4 773
2 205.7 144.9 267.6 216.6
3 369.5 196.7 403.6 320.5
4 135.1 321.9 104.3 181.3
5 3.7 29.2 27 21.6
6 5.1 7.6 4.5 5.6
7 171.3 129.4 52.2 97.9
8 46.4 53.5 295 36.9
9 48.4 344 27.2 33.2

1000.0 1000. 0 1000. 0 1000. 0

Source: Prepared by the authors based on TAC/CGIAR 1992.

Table 2. . Quantitative impact of modifiers on forestry, with a weight of 0.5.

AEZ Baseline Forest(+) GDP (-) Soil (-) Size (-) New %
vaiue baseline Change

1 77.30 -2.58 -0.49 6.31 -22.30 58.24 -24.66
2 216.60 -13.00 -9.04 -3.52 29.00 220.04 1.59
3 329.50 144.90 6.56 -61.74 31.23 450.45 36.71
4 181.40 -70.10 12.99 20.42 -52.30 92.41 -49.06
5 21.60 -4.60 -0.76 297 2.17 21.38 -1.02
6 5.60 -2.00 -0.70 0.45 0.87 4.22 -24.64
7 97.90 -33.70 -5.04 21.38 439 84.93 -13.25
8 36.90 -12.40 -4.25 7.99 3.70 31.94 -13.44
9 33.20 -6.60 0.72 5.72 3.33 36.37 9.55

1000.00 -0.1 0.0 0.0 0.1 1000.0 . 0.0

Source: Prepared by the authors based on Table 1 and TAC/CGIAR 1992.
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Table 3. Percent distribution of gross value of production, adjusted by priority of AEZs
for the forestry sector.

Commodity VOP Adjusted Z1 22 Zz rZ z5 26 rad Z8 29 TOTAL
LAC VOP LAC

Traded

sawlogs 125 124 053 20.7 539 864 0 0.01 433 029 11.64 100
Nontraded

sawlogs 414 432 057 234 57 6.11 0 08 453 437 3.178 100
Fuelwood 46.1 444 124 21 31 124 481 0.16 13.5 286 1.857 100

100 100

Source: Prepared by the authors based on Table 1 and TAC/CGIAR 1992.
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APPENDIX D

Forms for Obtaining Information

Table 4. Evaiuation of production potential for particular products by agroecological
zone.

Commodity

1 2 3 4 5 6 7 8 9

Rice 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 56789 56789 56789 56789

Wheat 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Maize 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 656789 56789 56789 56789

Barley 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Sorghum 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Millet 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Cassava 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 56789 56789 56789 56789

Potato 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 656789 56789 56789 56789

Sweet 01234 01234 01234 01234 01234 01234 01234 01234 01234
potato 56789 656789 56789 56789 56789 56789 56789 56789 56789

Yam 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 56789 56789 56789 56789

Banana, 01234 01234 01234 01234 01234 01234 01234 01234 01234
plantain 56789 66789 56789 56789 56789 56789 56789 56789 56789

Chick-pea 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 56789 56789 56789 56789

Cowpea 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 56789 56789 56789 56789

Piggpon 01234 01234 01234 01234 01234 01234 01234 01234 01234
pea 56789 656789 56789 56789 56789 656789 56789 56789 56789

Broad 01234 01234 01234 01234 01234 01234 01234 01234 01234
bean 56789 56789 56789 56789 56789 56789 656789 56789 56789

Lentil 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 56789 56789 56789 56789

Soybean 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 56789 56789 56789 56789

Groundnut01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 656789 56789 56789 56789
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Table 4. (Continued).

Commodity

1 2 3 4 5 6 7 8 9

Coconut 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 656789 56789 56789 56789

Tomato 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 56789 56789 56789 56789

Onion 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 56789 56789 56789 56789

Cabbage 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Orange 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Lemon 01234 01234 01234 01234 01234 01234 01234 01234 01234
& lime 56789 56789 56789 56789 56789 56789 56789 56789 56789

Pineapple 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Grape 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Apple 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 656789 56789 56789 56789

Sugarcane0 1234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Coffee 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Tea 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 656789 56789 5678y

Cocoa 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Tobacco 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Rubber 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 56789 56789 56789 56789

Cotton 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 656789 56789 56789 56789

Jute 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Hemp 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 56789 56789 56789 56789

Sisal 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Paimod 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 56789 56789 56789 56789
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Table 4. (Continued).

Commodity

1 2 3 4 5 6 7 8 9

Beef, buff-01234 01234 01234 01234 01234 01234 01234 01234 01234
alomeat 56789 56789 56789 56789 56789 56789 56789 56789 56789

Sheep& 01234 01234 01234 01234 01234 01234 01234 01234 01234
goatmeat 56789 656789 56789 56789 56789 56789 56789 56789 56789

Pigmeat 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 56789 56789 656789 56789

Poultry 01234 01234 01234 01234 01234 01234 01234 01234 01234
meat 56789 656789 56789 56789 56789 656789 56789 56789 56789

Milk 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 656789 56789 56789 56789 56789 56789 56789 56789

Eggs 01234 01234 01234 01234 01234 01234 01234 01234 01234
56789 56789 56789 56789 56789 56789 56789 56789 56789

Instructions:  Evaluate the agroecological potential of each zone for producing each commodity. Circle
a number from 0 (no potential) to 10 (maximum potential).

Source: Prepared by the authors.

Determining Future Demand for Agricultural
Commodities from LAC

This form was designed to set certain parameters on the growth of demand for agri-
cultural commodities produced in LAC. The results can be combined with additional
information to build an indicator of future opportunities for research in the region.

Based on their knowledge of markets for these commodities, informants should esti-
mate a probable range within which demand is likely to grow, as an annual average, from
1993 to the year 2000.

A hypothetical example is given below to help informants understand the question-
naire more clearly.

Example. Mangoes of all varieties are consumed in LAC and exported to Europe and

the United States. Exports are expected to continue from 1993 through 2000, to these
markets only. If D, is the total demand for mangoes in LAC, this can be expressed as:

Dy, = Dmgacy + Dmeeur + Dms)
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Where:
Dpaac) = demand for LAC mangoes in LAC.
Dpeur) = demand for LAC mangoes in Europe.
Dpus)= demand for LAC mangoes in USA.

Informants are asked to select one of four ranges describing the likely average annu-
al growth rate of demand for mangoes from LAC from 1993 through 2000. In other
words, informants should select the range of average annual percent variation:

Drmtrotapt = Dimgrotap-1
T t=1994,..,2000

Drgtotaiy-1
Dmaatant is the total demand for mangoes in year t (this average depends on whether
demand will expand or contract in each of the three markets).

If informants believe the annual average growth of demand for mangoes from LAC
from 1993 to 2000:

i. will be negligible or negative, the range r < 0 should be marked on the corresponding
line;

ii. will be from 0% to 1%, the range 0 < r < 1 should be marked;
iii. will be from 1% to 2%, the range 1 < r < 2 should be marked;
iv. will be greater than or equal to 2%, the range r 2> 2 should be marked.

Of course, not all commodities have the same markets, but in all cases, total demand
for a product includes at least the demand in LAC.

Because the names of many agricultural commodities vary from one country of LAC
to another, but the names in English tend to be more uniform, the list of commodities on
the questionnaire is given in English.



158

priorities for agricultural research in LAC

Questionnaire to Evaluate the Growth of Total Demand
for Agricultural Commodities from LAC

For each commodity, mark the expected range of r, where

r = average annual growth rate of total demand for products from LAC, 1993-2000

Commodity

0<r_«<1

1<r_<2

2<r

1. Rice

Maize

Wheat

AW d

Barley

Sorghum

Millet

N |® O

Cassava

8. Potato

9. Sweet potato

10. Yam

11. Banana, plantain

12. Chick-pea

13. Cowpea

14. Pigeon pea

15. Broad bean

16. Lentil

17. Beans

18. Soybean

19. Groundnut

20. Coconut

21. Tomato

22. Onion
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Commodity r_<0 0<sr_«<1 1<sr_<2 2<r
23. Cabbage
24. Orange

25. Lemon & lime

26. Pineapple

27. Grape

28. Apple

29. Sugarcane

30. Coffee

31. Tea

32. Cocoa

33. Tobacco

34. Rubber

35. Cotton

36. Jute

37. Hemp

38. Sisal

39. Palm oil

40. Beef, buffalo
meat

41. Sheep, goat
meat

42. Pig meat

43. Poultry

44. Milk

45. Eggs
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INTRODUCTION

This report was written by Rafael Posada, consultant and coordinator for the subpro-
ject at the IICA Office in Colombia. The report covers the activities of a working group
made up of Luis Romano, Head of the Strategic Planning Division at the Colombian
Agricultural Institute (IICA); Julio Palomino, Director of Planning at the National
Agricultural Research Institute (INIAP) of Ecuador; and Luis Alvarado, Manager of
Planning at the National Agricultural Research Fund (FONAIAP) of Venezuela. Overall
coordination, in the context of the IICA/IDB project, was provided by Eduardo Lindarte, of
Program Il at IICA Headquarters. Important contributions were made by Edgardo
Moscardi, IICA representative in Colombia; Nelson Rivas, Executive Secretary of the
Cooperative Agricultural Research and Technology Transfer Program for the Andean
Subregion (PROCIANDINO); Hector Medina, of Program Il at IICA Headquarters, and
Eugenio Cap, Director of Strategic Planning at the National Institute of Agricultural
Technology (INTA) in Argentina. Finally, the author wishes to express his appreciation to
the directors of lICA, INIAP, and FONAIAP, without whose support this work not have
been possible.

At the first working session of the IICA/IDB Project on Regional Priorities for
Agricultural Research, held in Bogota, Colombia, it was decided that the program of activ-
ities should provide for expanding and applying the TAC model in the Andean zone.

Specifically, it was proposed that a methodology for submitting regional research pro-
ject profiles should be developed and tested through pilot programs.

For the sake of efficiency, it was decided that this effort should involve the active par-
ticipation of three of the five Andean zone countries, namely, Colombia, Ecuador, and
Venezuela. Insofar as possible, however, the project profiles to be developed and sub-
mitted were to address problems affecting the entire region; thus, any potential solutions
developed through the research projects would be applicable in every country in the
zone.

Bearing in mind the need to facilitate operations and logistical arrangements, it was
also decided that the exercise should focus on five products of the agricultural sector;
hence, subsectors such as forestry, fisheries, and aquaculture would not be included for
the time being.
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It was decided that the Andean zone subproject should pursue the following four
objectives:

— To review mechanisms for establishing priorities for agricultural research in the sub-
region :

— To identify priority products on which the countries might wish to conduct research,
bearing in mind their usefulness to the entire region, including Peru and Bolivia

— With respect to each product selected, to identify a topic on which research could be
carried out through interinstitutional cooperation among the national research centers
of the three countries

— For each of the topics identified, to draw up a project profile of regional scope, iden-
tifying those research resources that could be contributed by each of the participating -
institutions.

The purpose of reviewing priority-setting mechanisms was to identify similarities in
the criteria and methodologies followed by different national and intemational institutions,
as regards the allocation of research resources.

Another aim was to ascertain whether research plans were stable, given the intemal
dynamics of the economic and social forces operating in individual countries. This has
become particularly important in recent years, when structural adjustment plans and poli-
cies aimed at internationalizing the economy have changed the role of the State and its
approach to the management of macroeconomic and sectoral variables that have a direct
bearing on the global and sectoral allocation of resources.

Some of the criteria applied to horizontal cooperation on agricultural research projects
will be determined by the new development model being implemented by the countries,
which is based on opening up the economy to international markets and maximizing rel-
ative and/or competitive advantages. Indeed, the decision to fund and implement a par-
ticular regional project must not be based solely on the fact that the countries of the
region happen to agree on the priority that should be assigned to a given agricultural
commodity. The participating countries should explicitly state their interest in collaborat-
ing on such projects, and this statement of interest should be a prerequisite for including
a product in agricultural research plans at the regional level.

The idea of planning agricultural research that is regional in scope is based on the
assumption that certain obstacles to proper crop management or optimum utilization of
available natural resources are common to the different areas in which the target com-
modities are produced. Although this assumption is a valid one, the fact is that in prac-
tice, these problems affect the different zones in different ways. It was therefore deemed
important to identify research topics that would be of interest to all the countries.
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It was suggested that drawing up project profiles should make it possible to identify
and combine those research resources that are available in the region. This is particu-
larty important when it comes to identifying the human resources required to direct pro-
ject implementation and execution, and the institutional resources required to ensure that
regional project activities are included in the regular programs of participating institutions.

WORKING METHODOLOGY

Background

The methodology proposed consists of surveying the new environment for research
and technology-transfer activities in agriculture, forestry, and fisheries. A number of stud-
ies and forums have already identified the conditions that affect research and transfer
activities carried out in the context of development models based on the internationaliza-
tion of the economy. Because of their potential importance, the main features of such
activities are outlined below.

One of the main issues that needs to be addressed is the shift that has taken place
with regard to objectives: from the general objective of increasing the total production of
goods so as to ensure domestic supply, research and technology-transfer activities now
pursue the objective of rationalizing costs and improving the quality and type of goods
produced, with a view to ensuring competitiveness. A number of other changes are also
related to this new emphasis on economic performance:

— The integration of agroindustrial chains creates a need for more innavative products.
This, in tum, creates a greater need for field production technologies.

— The countries have adopted legal systems designed to provide copyright protecton
for scientific discoveries pertaining to agriculture, even to the point of patenting living
organisms. In general, this means further constraints will be imposed on the flow of
information and genetic materials to the less-developed countries.

— On the threshold of the biotechnology revolution, the traditional boundaries between
basic and applied research are becoming blurred. This revolution could even go so
far as to eliminate the so-called natural advantages enjoyed by certain geographical
regions with regard to the production of certain goods. The high costs and the high
risks that are involved in investing at the levels required for such research represent
another constraint on the developing countries.

— The traditional role of the State in funding and executing research and technology
transfer has been weakened, and private enterprise has taken over much of this
work. Although the sphere of action of each of these two sectors has not been prop-
erly defined, it is generally agreed that the sector that appropriates the benefits of a
research project should assume responsibility for funding it.
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Another major issue to be dealt with is that of the magnitude and the scale of agri-
cultural and rural processes in general. It has become necessary to reconsider the tra-
ditional view that nature is a self-renewable provider of free goods, and to recognize the
importance of preserving the base, as well as the diversity, of natural resources in order
to ensure the future viability and continuity of production activities. This opens the door
to a new set of very diverse scientific and technological considerations that must be
addressed by national and international research systems.

Finally, there is an increasing need to analyze the objectives of technology, as well as
its impact on other areas; in particular, due consideration must be given to the need to
ensure equity for the different social groups.

Although the trends outlined above reflect recent developments, it is important to bear
in mind that they could condition and alter the objectives and the socioeconomic envi-
ronments that need to be considered in designing regional cooperation mechanisms for
research and technology transfer in the areas of agriculture, forestry, and fisheries.
These issues must, therefore, be taken into account in the priority-setting process.

The international community, for its part, is also reassessing its role in the generation
and transfer of new know-how for developed countries in order to ensure that any
resources allocated for this purpose are used as efficiently as possible. The task
becomes more complicated if the general objectives of such contributions are changed.
Indeed, easy-to-measure objectives, such as that of increasing the supply of food and
agricultural raw materials in the region, have given way to conceptual objectives, such as
equity, sustainability, efficiency, and competitiveness. These objectives can be clearly
defined only if the political, economic, and social scenarios in which the research and
transfer activities are to take place are clearly identified.

It is suggested that the institutionalization of regional research and technology trans-
fer activities in agriculture, forestry, and fisheries be aimed at strengthening the following
four areas:

— The efficient use of highly specialized research resources—natural, physical, or
human-that are available in the region

— The development of critical masses of research resources in order to ensure the
advancement of scientific know-how in the region

— Ongoing efforts to keep the regional scientific community abreast of the latest
advances in scientific knowledge in other regions or countries

— The funding of activities and/or projects that go beyond the individual capabilities of
participants, and are likely to generate externalities that might be appropriated within
the countries’ research systems
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Setting Priorities by Agroecological Zone

Planning units or objects need to be modified, along with any changes that occur in
the environment within which research and transfer activities in agriculture, forestry, and
fisheries are to be carried out in the immediate future.

Because the new objectives proposed are so complex and so closely interrelated,
and because the application of a given technology to a given product has the potential
for affecting other production resources, it has been suggested that agroecological zones
be used as the new planning unit. Although there are sound reasons for proposing this
approach, and it has been widely accepted, there are still serious limitations to its imple-
mentation.

The first major effort, which gave rise to this subproject on the development of agri-
cultural research project profiles for the Andean zone, was the TAC/CGIAR exercise, in
which nine agroecological zones were defined, according to rainfall and temperature.
These zones are located throughout the traditionally accepted geographic regions, such
as Asia, Africa, Latin America, and others.

Initially, the idea was to apply the methodology proposed by TAC/CGIAR for the
developing world. This methodology is discussed in chapter 3 of this book. Problems
have arisen, however, because of the lack of data for individual countries and agroeco-
logical zones.

To begin with, the agroecological zones must be redefined, with a view to bringing
them in line with geographic zones that have traditionally been studied by experts in the
countries, and on which basic information is already available. One methodology that will
have to be applied in this effort will be the identification of suitable parameters, such s
soil quality, periods of daylight, and so on, which affect the structure of prevailing pro-
duction systems.

This is particularly true in the case of Andean zone products that are cultivated both
in irrigated and in rain-fed areas, depending on the availability of production resources,
and which, therefore, must be dealt with differently when it comes to research and trans-
fer of technology. Similarly, in the case of certain products that have been included in
regional production systems, altitude above sea level is the factor that determines what
restrictions and limitations farmers have to deal with.

Another factor that hinders application of the TAC/CGIAR methodology in the Andean
zone is the population density of certain areas. This makes it difficult to achieve equity,
sustainability, efficiency, and competitiveness simultaneously with the resources that are
available in the different regions.
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The main conclusion that was reached as a result of the attempt to apply the
TAC/CGIAR methodology at the subregional level was that a subregional project should
be implemented with a view to identifying an appropriate methodological framework for
establishing research and transfer priorities in agriculture, forestry, and fisheries accord-
ing to agroecological zones defined in terms of the social, economic, and political envi-
ronment of the subregion.

Until such time as this proposal could be approved, however, the regional project pro-
files had to be developed with the information that was available. Initially, these were lim-
ited to Colombia, Ecuador, and Venezuela.

The next steps were then identified, bearing in mind the following:

— The TAC/CGIAR exercise has pointed to a number of priorities for the allocation of
resources that are available at the international level.

— Despite the aforementioned limitations, the application of the TAC/CGIAR methodol-
ogy, with data broken down by country, has made it possible to indicate, in very gen-
eral terms, a number of products that are of interest to all three countries.

— Efforts have already been made, using similar methodologies, to set priorities for agri-
cultural research at the national research centers; these can be used to confirm the
results mentioned in the previous paragraph.

— Atpresent, it is the national experts who are in the best position to identify restrictions
and opportunities by product and by geographic zone.

— ltis important to develop common criteria for identifying and describing projects that
might be considered to be of regional interest.

In the TAC/CGIAR exercise, the following agroecological zones were found to be
common to at least two of the three countries:

Zone Colombia Ecuador Venezuela

] X X
] X X X
X X

In these agroecological zones, the following priorities were set for the allocation of
available research resources:
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Agr. Zone Il Agr. Zone lll Agr. Zone IV
Product % Product % Product %
Oranges 16 Oranges 13 Coffee 20
Meat 9 Milk 10 Milk 14
Milk 9 Coffee 10 Meat 14
Coffee 8 Meat 9 Eggs 7
Sugar 8 Sugar 8
Total 50 Total 50 Total 55

Setting Priorities by Product

When the TAC/CGIAR methodology was applied to the country information published
in FAO yearbooks using the per capita availability of calories and proteins as modifiers,
the following results were obtained:

Priorities set according to
TAC/CGIAR methodology

country data-FAO)
Product %
Meat 14
Coffee 13
Milk 12
Bananas-Plantains 9
Potatoes 7
Total 55

As may be seen, the two exercises produced similar results in some respects: for
example, beef and milk were identified as priority concems for the allocation of available
resources. There are, however, marked differences with respect to other products, as in
the case of potatoes, which appear as having priority when the FAO country data are
used.

As noted by the group that studied the TAC/CGIAR methodology in detail, these sim-
ilarities and differences may be explained mainly by the fact that the “production value”
variable carries considerable weight, independently of which modifiers are used and
which relative weight is assigned to each one.

Nevertheless, it may be useful to apply the TAC/CGIAR methodology to identify the
priority assigned to these products in the agroecological zones of Latin America and in
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the three countries selected for this exercise. This can be helpful as a criterion for select-
ing products with respect to which technological limitations may hinder research at the
regional level.

Subregional Workshop for Planning Officials

The aforementioned criterion would not work, however, if one were to include new
products that do not currently have a high production value, but which are promising
given the nature of their demand or the forward economic linkages they might generate
as a result of further processing or marketing. The participants at a subregional work-
shop for planning officials provided an opportunity to explore the possibility of including
other criteria for the selection of products that might be used to begin identifying and
implementing projects of regional scope.

The workshop discussion began with a presentation of the resuilts of priority-setting
exercises that were conducted at the national research institutes of the three countries
selected for the case studies. It was assumed that these results reflected each institu-
tion’s potential interest in participating in and contributing to a regional project.

The methodology for these national priority-setting exercises, allowing for any
changes required in individual cases, consisted of estimating total economic surpluses by
adding producer and consumer surpluses and deducting research and transfer costs.

Given the existing environment for agricultural research and technology transfer, this
methodology was based on the assumption that local markets were isolated, and that
increases in production made possible by new technologies could be absorbed at the
domestic level, with resulting effect on the ratio between input-product and product-prod-
uct prices.

As agricultural markets are internationalized, it becomes more difficult to estimate
economic surpluses, inasmuch as relative prices are not determined by local markets,
and the factors of production may have greater mobility, both within and outside the agri-
cultural sector.

By the same token, it is not easy to estimate the opportunity cost of the resources
allocated for research. The internationalization of the economy opens up other invest-
ment opportunities, such as the purchase of technology packages that are suitable to
local conditions.

Economic surpluses resulting from investment in agricultural research and technolo-
gy transfer were estimated, for the most part, by comparing static situations before and
after technological change. This made it difficult to estimate some of the benefits resuit-
ing from externalities originating in the use of the new technology packages, for example,
their different applications to other products or other regions, and their contribution to the
preservation of natural resources and biological diversity.
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With these exceptions, the national priority-setting exercises are bound to prove use-
ful over the short and the medium terms, inasmuch as they will reflect the countries’ most
immediate needs in terms of the supply of foods and raw materials and the use of pro-
duction resources, particularly land and labor.

In addition, the agricultural research services that would be responsible for most of
the initial regional research projects have been designed with these priorities in mind. It
is to be hoped that the structure of this supply of research services would change as a
result of the regional research projects.

With the above arguments in mind, it was suggested that the following criteria should
be applied in selecting a limited number of products, five at most, to be used in identify-
ing technological and scientific limitations that might be addressed through projects of
regional scope.

— Priorities for the region and for individual countries must be consistent in order to
ensure that each national institution will take special interest in identifying, structur-
ing, and executing a project of regional scope.

— The main agroecological zones existing in the three countries must be represent-
ed in order to ensure greater diversity in projects of regional scope, thus allowing for
maximum benefits to be obtained from the subproject.

— Each study must have an impact in terms of the new general abjectives of agricultur-
al research, namely, equity, sustainability, efficiency, and competitiveness. This
criterion will be applied in order to enhance the possibility of supplementing an insti-
tution’s resources with contributions from international donors.

— The necessary institutional capability for setting up regional interdisciplinary groups
must exist in order to ensure that the proposed project is indeed feasible.

Selection of Common Problems

Once the products that might be the subjects of regional research projects for the
agricultural sector had been identified, the next step was to select problems that went
beyond the scope of purely national interest.

Given the diversity of microregions and of socioeconomic conditions under which
production activities are carried out, it is very difficult to forecast the adoption and the
potential impact of a research study that may not be strictly in line with all the specific
objectives envisaged at the beginning of each project.

For example, a project designed to develop a variety that is resistant to a given dis-
ease or pest might lead to the development of a variety that adapts well to a specific
microclimate or microregion, thus upsetting the balance of relative or competitive advan-
tages among countries.
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~ That is why regional research projects tend to deal more with problems that can be
addressed through basic research studies designed to generate know-how rather than
with research aimed at adapting or generating technologies or products.

In this regard, it would seem that adaptation is a matter that must be dealt with at the
national level, except in those cases in which—bearing in mind the new thrust toward eco-
nomic integration—the institutions concerned clearly indicate, in advance, how costs and
benefits are to distributed if and when the technology is adopted. In such cases “joint
ventures” might be appropriate, especially in border regions: for example, rice projects
along the border between Colombia and Venezuela, or vegetable-growing projects on the
border between Colombia and Ecuador.

Another limiting factor that was taken into account in selecting common problems was
that of the availability of human resources. As a result of the application of so-called
“green revolution” research models, which focused on plant breeding, the most abundant
and common resource in most of the research institutions is the generation and devel-
opment of improved varieties, based on the manipulation of existing germ plasm banks.
This model is now being questioned in several countries. As an alternative, efforts are
now being made to ensure greater complementarity between studies involving molecular
engineering and genetics, and the traditional plant-breeding disciplines. The idea is that
molecular engineering and genetics could lead to the introduction of new varieties that
would serve as sources for developing resistance to pests or diseases or for improving
yields.

There are individual scientists in the region who are highly skilled in these new disci-
plines. They are so few, however, that even at the regional level, it is virtually impossible
to develop the critical masses that would be required to generate new know-how or mate-
rials. That is why a training component is included in the proposed profiles to be sub-
mitted later on.

A similar situation occurs with regard to infrastructure. Few, if any, restrictions are
imposed on experimental research efforts, and most institutions have large enough prop-
erties in the major agroecological zones. There is, however, a serious shortage of mod-
ern equipment and laboratories.

Even when a country has an adequate level of human resources and infrastructure,
it may lack the leadership skills that are needed to design and implement a regional
research project that will make maximum use of these resources. Projects must be iden-
tified and formulated through a highly participatory mechanism involving all the institu-
tions concerned.

Bearing in mind the above considerations regarding selection of common problems
to be studied, the research leaders of each country were actively brought into the effort.
They proposed a list of issues to be addressed through regional projects to be imple-
mented at the level of the Andean subregion.



Andean zone subproject 175

The coordinator of the subproject analyzed these lists and submitted to the national
planning officials one topic for each product that appeared to be of interest to at least two
countries. Once these topics were approved, their relevance to the region as a whole was
confirmed through informal contacts with the directors of existing international programs
in the subregion. In addition, a review was made of the bibliographical data banks on
products considered important; these data banks were supplied by specialized libraries.

Development of Project Profiles

Project profiles were developed in three stages. A scientist was appointed to take
charge of work on each product study. In some cases, the persons chosen were region-
al leaders who had been responsible for coordinating cooperation between national cen-
ters and international institutions. Others were chosen by agreement with national plan-
ning officials.

Each scientist in charge of a study was entrusted with the task of drawing up a draft
subregional project profile for the product study concerned. Two researchers from pro-
grams in neighboring countries served as reviewers: they analyzed the proposal and
suggested changes in its content, scope, and methodology.

The planning officials, scientists in charge of project profiles, and leaders of interna-
tional research programs then met to assess the institutional aspects of the proposals,
i.e., their structure, objectives, methodology, and expected results, as well as the avail-
ability of resources in each institution and the strategy for participating institutions to work
together through a clear distribution of activities.

Parallel to this meeting, a proposal for institutionalizing regional research projects
was drawn up, bearing in mind the following two basic aspects:

— The logistics involved in managing the technical aspects of the project, such as coor-
dination of activities, scientific responsibility and authorship of results, and use of
products.

— The administration of and responsibility for external financial resources allocated to
each project, for example, disbursements, reports, and so on.

RESULTS

Products Selected

A list of products to be considered for regional project profiles was developed at the
subregional workshop for planning officials. The products were selected based on the
TAC exercise and the priorities set by individual countries.
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The original list, which reflected the interests of the countries used in the case stud-
ies—Colombia, Ecuador, and Venezuela—included ten products. These ten products rep-
resented three types of objectives that are usually stressed in planning agricultural
research, namely, (1) the importance of the product as a component of consumer diets,
(2) its significance in generating income for small farmers, and (3) its potential for gener-
ating foreign exchange.

The aforementioned priority-setting criteria were then applied to this original list of ten
products, and an assessment was made of their potential impact, bearing in mind the
new objectives of equity, sustainability, and competitiveness. A third group of criteria for
setting priorities was also applied, that of institutional capability. This has to do with
resources and the research staff's experience with interinstitutional cooperation.

This exercise brought to light some interesting facts. Under the criterion of consis-
tency, it was found that all three countries assigned high priority to three products:
meat/milk, coffee, and rice. The other products were assigned medium to high priority. It
was interesting to note that chickens/eggs were assigned medium to low priority. This
may be because chickens/eggs are processed from agricultural raw materials, which cre-
ates sanitary problems that are usually dealt with by laboratories in the private sector.

Under the criterion of impact relating to general objectives, cassava was the only
product on which there was unanimous agreement; it was assigned high priority for the
three objectives of equity, sustainability, and competitiveness. With regard to the remain-
ing products, there were different views as to the potential impact of agricultural research
in terms of the aforementioned objectives. This could mean two things:

— planning officials do not yet understand the concepts of equity, sustainability, and
competitiveness well enough to include them in planning processes without regard to
any theoretical or personal biases, and/or,

— the assessment may have been very limited in scope, that is, it may have taken into
account only the product considered, or the region where it is grown, without regard
for interactions with other variables such as job creation, efficiency in the mix of
resources, potential for specialization, and so on.

The third criterion—institutional capability—was assessed at three levels: national,
regional, and international. Except in the cases of meat/milk, potatoes, and com, it was
found, overall, that the institutions did not have a strong capability for organizing region-
al projects, even though in some cases—for example, rice—the institutions did have strong
national and international ties.

As in any priority-setting exercise, final results are directly affected by the relative
weight assigned to each criterion used. In this exercise, less weight was assigned to
institutional capability, bearing in mind that one of the by-products of any research pro-
ject of regional scope should be the strengthening of human resources through training
and the identification and improved use of infrastructure through interinstitutional coop-
eration.
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The other two criteria were assigned a relatively equal weight, in order to reflect the
need to restructure research programs in the light of new paradigms of agricultural
research, while at the same time ensuring continuity of activities.

Table 1 shows the results of this exercise. Products for which project profiles were
developed are highlighted by an asterisk.

Table 1. Selection of products for regional agricultural research projects.

Consistency with Impact in terms Institutional
national priorities of general capability
objectives
Relative 40 40 20 100
Weight % :
Product C E V WST E S C WsT N R | WST TOP
1. Meat/milk 1 1 1 12 3 2 1 24 1 1 2 08 44
2. Coffee 1 1 1 12 2 3 2 28 1 3 3 14 54
3. Ban./plant. 1 1 2 16 2 2 2 24 3 3 2 16 56
4. Potatoes 2 1 2 20 1 3 3 28 1 1 1 06 54
5. Chick./eggs 2 2 3 28
6. Sugar 1 2 1 16 3 3 2 32 1 3 3 14 6.2
7. Rice 1 1 1 1.2 1 2 1 1.6 1 3 1 10 3.8*
8. Trop. fruit 1 2 2 20 2 1 1 16 3 2 2 14 50
9. Com 2 1 1 16 1 2 2 20 1 1 1 06 4.2°
10. Cassava 2 2 1 20 1 1 1 1.2 2 3 1 12 44
A. Consistency with national priorities
C = Cplombia 1 = High priority
E = Ecuador 2 = Medium priority
V = Venezuela 3 = Low priority
WST = Weighted subtotal
B. Impact in terms of general objectives
E = Equity 1 = High
S = Sustainability 2 = Medium ™ -
C = Competitiveness 3=Low h ~ /¢ Tt s
WST = Weighted subtotal " oCrrey G4
l" ,:.,F:D RE-“.‘){\;»—.
C. Institutional capability [PPUSc,
N = National 1 = High T '
R = Regional 2 = Medium
| = Intemational 3=Low

WST = Weighted subtotal

Notes: a) Meat/milk refers to dual-purpose livestock.
b) Tropical fruits refers to those grown for export.
c) National priorities were stated by each national planning official.
d) Economic impact and institutional capability were determined by consensus.

Source: Prepared by the author.
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Topics Selected

Topics for research project profiles were chosen in two steps. First, researchers in
each country were asked to prepare a list of the main limitations on the crop in question.
This information was used to review problems encountered in the field, as well as alter-
native technologies available to researchers and to farmers. Next, the research topic was
chosen with a view to solving as many problems as possible, and bearing in mind the
availability of research infrastructure and methodological options in the Andean zone.
The choice of topics was approved by researchers in the individual countries and, in
cases where an international program was already underway, by the research leader
concerned.

Table 2 shows the list of topics suggested by the researchers. This list was used as

the basis for selecting the final topic, following a review of the problems encountered in
each case.

Table 2. Research topics proposed by national programs.

1. Rice
— Develop stable genetic resistance to pyricularia, sogata, and white leaf
— Develop rice varieties at commercial levels
- Incidence of weeds and deficiencies in weed-control options

2. Corn
— Develop materials that are resistant to drought and acidity
— Comprehensive pest control
— Soil conservation management technologies

3. Cassava
- Increase genetic diversity in commercial crops
- High-yield improved varieties of dry materials
— Comprehensive pest and disease management

4. Tropical fruits
-~ Comprehensive pest and disease management
- Study of marketing channels and market opportunities
— Farming practices: planting seasons and fertilization

5. Dual-purpose livestock
- Introduction and study of production performance of different breeds
- Study and evaluation of parasitic diseases
— Restriction on production of forage under drought conditions

Source: Prepared by the author.




Andean zone subproject 179

Rice

The problems faced by rice producers in the Andean zone have to do with competi-
tiveness vis-a-vis foreign sources of supply. In essence, the countries in the subregion
are at a disadvantage, inasmuch as high production costs limit the possibilities for
increasing production. This problem could be solved by developing, generating, and mul-
tiplying commercial varieties with special characteristics, bearing in mind the existing
constraints on production and local demand.

Traditionally, the national rice research program in each of the five countries of the
region has been responsible for producing such commercial varieties. The strategy
applied by these national programs has been to maintain and manage germ plasm
banks, with assistance from the international programs of IRRI and CIAT.

In all the countries, the rice growers have been receiving the commercial varieties on
a regular basis. The problem lies in the fact that the useful life of the individual varieties
is very short. An analysis of the data has shown that the average useful life of a com-
mercial variety delivered by a national program has decreased from five to two years. As
far as research per se is concerned, this means that the cost-benefit ratio of investments
for the development of new varieties is very low, and that the germ plasm banks them-
selves are losing the potential for innovation.

Researchers attribute the shortening of the useful life of commercial varieties to the
effect of the disease known as pyricularia, which is produced by a mutant pathogen. In
practice, no variety is immune to the pathogen; researchers are merely seeking to devel-
op more resistant varieties.

At the same time, other fields of biogenetic research have developed methodologies
for identifying and marking genes that could be used to identify those “pathotypes” that
are responsible for the appearance of pyricularia in rice crops. A technique for accom-
plishing this has already been developed in the laboratory, but it has not been tested in
the field.

By selecting the identification of pyricularia pathotypes at the field level as a research
topic, the Andean zone subproject seeks to fill the gap between international programs
that generate basic know-how, and national programs, which are geared toward applied
research.

Such information as is generated at the field level will be useful to the national pro-
grams, inasmuch as it will enable them to improve their selection criteria for the produc-
tion of new commercial varieties.

Corn

The problems encountered in growing corn have to do with the environment in which
the crop is produced. Nearly 80% of the area planted in corn in the Andean zone is not
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irrigated; this means that, as is the case with all rain-fed crops, it is vulnerable to climate
changes.

The shortage of water and, in many cases, the complete absence thereof, affects
yields and production costs. This, in turn, has a direct impact on competitiveness and
potential income, a problem that particularly affects small farmers.

In considering this problem, researchers agreed that the critical factor affecting corn
crops is the shortage of water during the blossoming season. The solution would be to
improve the plant’s physiological performance at this critical stage. National programs
have developed genetic materials that meet these requirements, but they have been hin-
dered by logistical problems. In order to develop drought-resistant materials, it is impor-
tant that studies be carried out in specific environments where water levels can be strict-
ly monitored. In other words, the experiments must be conducted in an environment of
minimal rainfall.

Another logistical problem has to do with germ plasm banks, which are used as a
source for the generation of new materials. International programs have already identi-
fied, selected, and classified materials that are suitable for research on drought-resistant
species.

Finally, once the materials have been developed, they must be tested for adaptabili-
ty to different field conditions. This entails conducting a large number of tests for the
many different zones where corn is produced.

The proposed research on drought-resistant species would entail collaboration
among the different national programs of the region, and taking advantage of the ideal
field conditions in Ecuador and Peru, where rainfall is low. This would make it possible
to produte materials and to enable other national programs to do such further testing as
may be necessary. International, regional, and national activities would be linked through
the use of the advanced materials developed by CIMMYT.

Cassava

The problems involved in growing cassava are twofold. At the field level, farmers in
each of the regions tend to use only one or two varieties. As a result, there is not much
genetic diversity and the potential for pest and disease infestation is high. At the labora-
tory level, however, there is a large collection of materials that have been identified and
classified according to genetic types and potential uses in different markets.

One limiting factor that is common to all the cassava-producing regions of the Andean
zone is the production system. At the level of small-scale farming, cassava is but one
component of the production system; hence, any transfer of technology is bound to affect
the overall balance of agricultural production. The market for the production of a partic-
ular region may also impose limitations. There are different markets for bitter cassava,
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for intermediate products (such as cassava starch), and for processed products (such as
dry cassava for animal feed). Each market requires a very distinct variety of cassava.

The topic on introduction of genetic diversity in production systems was identified
through an exercise in participatory methodology. In essence, the idea is to achieve two
objectives simultaneously, that is, the introduction of new materials and varieties on
farms, and the training of technology transfer staff in the use of participatory methodolo-
gy. Both outputs can be used independently by national programs.

Tropical fruits

Research on tropical fruits will be somewhat hindered by the intense competition
among the countries, as each one seeks to identify, develop, and maintain its own inter-
national markets. The problem is further complicated by the fact that research most
directly benefits private producers at the middle- and high-income levels, who might be
expected to initiate studies themselves.

As far as the State is concerned, there are certain problems in implementing policies
aimed at diversifying agricultural exports as a means of enabling the Andean countries to
generate investment and job opportunities. Most studies show that the fruit-growing sec-
tor has the greatest potential for growth, given the characteristics of the final demand,
such as high income elasticity. The main constraint on fruit exports is the health of the
products per se.

In reviewing the problems affecting this sector, it was found that the main one was the
lack of basic information needed to design policies and actions aimed at improving plant
heaith. There is an extremely wide range of aspects that need to be studied, consider-
ing the many different products, regions, pests, and diseases that are involved. Most of
the countries, as well as many public and private groups in individual countries, are car-
rying out isolated research studies. These studies are mainly designed to solve specific
problems, such as the application of agrochemicals or postharvest treatment, and thus
are not conducive to finding a definitive solution to the overall problem.

The objective of the study proposed by the Andean zone would be to generate basic
information on quarantine management that would be valid for a number of export fruits.
Such a study could be used in training researchers in the subregion. This would also
have implications for the distribution of tasks among the countries, as well as for the man-
agement of the information produced.

It is envisaged that the main function of the national research institutes would be to
coordinate the work of private-sector groups, with a view to facilitating regional integra-
tion.
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) Meat and milk

In the Andean zone, meat and milk were assigned high priority in every case. There
are many possible topics for research, but the national researchers narrowed the range
down to three main areas: breeding, health, and nutrition. Nutrition is considered to be
of paramount importance by the national research centers, for two reasons. First, breed-
ing and animal health problems are being adequately addressed by the private sector
through producer associations and commercial laboratories. Second, nutrition research
can benefit different groups of producers, regardless of the scale of their operations.

With regard to nutrition, one of the main problems faced by stock growers throughout
the Andean zone, but particularly by producers of dual-purpose livestock, has to do with
the supply of nutrients during dry seasons, when both meat and milk production fall dras-
tically.

There are different ways to approach this problem, but some of the best results have
been obtained through the introduction and adaptation of drought-resistant forage, both
grass and legumes. International programs, in particular, have made it possible to collect,
identify, and classify a variety of materials. International testing of such materials has
enabled national programs to develop germ plasm banks of their own.

The discussion on these issues brought to light three areas of weakness in existing
efforts to introduce and adapt forage species in regions where dual-purpose livestock is
produced. First, national programs have not followed through with the task of adapting
and transferring results to the farm level. Second, and specifically in the case of dual-
purpose livestock, not all the producing regions have been covered. International pro-
grams have focused on acid savanna soils, while much of the meat and milk are pro-
duced in regions with different types of soils. Third, weaknesses have been found at the
final stage of the process—-the management and use of forage in animal diets.

Hence, in selecting the topic on production of forage species for dry-season produc-
tion, the subproject aims to make use of materials that have already been identified at the
Andean zone level, to expand on and increase testing in regions—within each
country-that produce dual-purpose livestock, and to conduct tests relating to animal
diets.

Project Profiles Identified

Once the working group had identified the methodology to be followed and had
selected the products and topics to be studied, a leader and two reviewers were assigned
to draw up the relevant research project profiles. At the final meeting, the profiles were
approved, bearing in mind both the institutional and the technical standpoints, by the
national planning officials and by the leaders of international programs at CIAT, CIMMYT,
and the Andean Fruit Center.
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The discussions at which the various draft project profiles were evaluated allowed for
explicit suggestions to be made on how to fill the gaps or breaks in the technology gen-
eration process, which begins with basic research at international centers and culminates
with the adoption of results by farmers.

Essentially, the regional projects will focus on research aimed at facilitating interme-
diate adaptations. The aim is to produce two types of outputs, both of which will be avail-
able to the national programs. Firstly, genetic materials or methodologies will be devel-
oped for use by individual national programs, according to their needs and specific objec-
tives. Secondly, researchers participating in the project will receive training so that they
may remain with the programs and ensure the continuity of work done at the national
level.

One aspect to be borne in mind is the duration of the projects, usually about four
years. This is important because, on the one hand, the scientific staff must be able to
remain for the duration of the study and, on the other hand, the projects must be includ-
ed, on a yearly basis, in the schedule of activities of the national programs. In other
words, researchers must be prepared to commit themselves to the regional project con-
cerned for its entire duration.

The projects are estimated to have an average cost of US$400,000, or US$100,000
per year. It is important to remember, however, that the financial estimates include the
contributions to be made by national programs in terms of infrastructure, services, and
staff. This is a good indication that they are quite likely to be implemented.

The five profiles that have been drawn up are summarized in the following tables.

Table 3. Project summary for rice.

Title: Study of the Evolution of Pathotypes of Pyricularia grisea sacc.
Leader: Anibal L. Tapiero, ICA-Colombia
Reviewers: F. Andrade, INIAP-Ecuador

A. Salle, FONAIAP-Venezuela

Duration: 4 years
Budget: US$368,550
Outputs: 1. Staff training

2. |dentification of pathotypes
3. Projects on generation of resistant varieties

Source: Prepared by the author.
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Table 4. Project summary for corn.

Title: Development of Drought-tolerant Hard-corn Germ Plasm
Leader: Mario Caviedes C., INIAP-Ecuador
Reviewers: A. Navas, ICA—Colombia

F. San Vicente, FONAIAP-Venezuela

Duration: 5 years
Budget: US$274,000
Outputs: 1. Drought-tolerant varieties (3)

2. [Evaluation and selection methodologies
3. Staff training

Source: Prepared by the author.

Table 5. Project summary for dual-purpose livestock.

Title: Introduction and Evaluation of Forage Species in Different Ecosystems
Leader: Jesus Faria Marmol, FONAIAP-Venezuela
Reviewers: G. Martinez, ICA-Colombia

J. Rivadeneira, INIAP-Ecuador

Duration: 5 years

Budget: US$742,320

Outputs: 1. Introduction and evaluation of forage species on isohyperthermic
savannas

2. Introduction and evaluation of forage species on floodable savannas

3. Introduction and evaluation of forage species in dry zones with
medium- to low-fertility soils

4. Multiplication of promising germ plasm

Source: Prepared by the author.
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Table 6. Project summary for fruits.
Title: Quarantine Management of Export Fruits in the Andean Subregion
Leader: Nancy Boscan, FONAIAP-Venezuela
Reviewers: J. C. Toro, ICA—-Colombia

J. Mendoza, INIAP-Ecuador
Duration: 3 years
Budget: US$372,000
Outputs: 1. Development of quarantine management technologies for papaya,

tree tomatoes, /ulo, and pineapple

2. Transfer of existing mango quarantine techniques and of those
developed by the project

3. Training of Andean zone researchers in quarantine techniques

Source: Prepared by the author.

Table 7. Project summary for cassava.

Title: Increase and Improvement of Genetic Diversity in Cassava Production
Systems

Leader: Antonio J. Lopez, ICA—Colombia

Reviewers: F. Hinostroza, INIAP-Ecuador
E. Velasquez, FONAIAP-Venezuela

Duration: 5 years

Budget: US$300,300

Outputs: 1. Varieties with different ripening cycles for different uses
2. Model for introducing genetic diversity on farms producing cassava
3. Feedback on selection parameters in national programs
4. Training materials for dissemination of methodologies

Source: Prepared by the author.
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PROPOSAL FOR INSTITUTIONALIZING THE IICA/IDB
PROJECT ON RESEARCH PRIORITIES

The following proposal is based on the assumption that the aforementioned projects
have been approved by research authorities in the region, as well as by the Inter-
American Development Bank (IDB). This proposal is, therefore, intended to provide for
the execution of the aforementioned projects. In addition, the idea is to take advantage
of the experience gained in the subregion with regard to the administration and coordi-
nation of such projects by IICA and, especially, by PROCIANDINO. Following is a
description of the units involved in project coordination, administration, execution, and
evaluation, and of the way they relate to each other.

Units and Their Duties

There would be three levels of responsibility: senior administration, coordination and
advisory services, and operations.

High-level management

High-level management would be provided by the IDB, as the main funding agency;
the bank would also provide overall monitoring and evaluation. Other funding agencies
that might become interested in the project would eventually be included at this level.

PROCIANDINO and local IICA offices would be responsible for overall coordination
of the project and management of resources, especially financial and logistical resources.
They would also design and operate a system for monitoring and evaluating the activities
of individual enterprises.

Coordination and advisory services

Each of the participating NARIs would need to set up a unit to be in charge of over-
all coordination of the work carried out in each country. This unit would also manage
the resources allocated to the country concerned, and would coordinate the monitoring
and evaluation activities carried out by the research projects. In the individual NARlIs,
these tasks would be performed by the directorate of research and the office or direc-
torate of planning. The planning office would also be responsible for ensuring that pro-
ject activities are included as part of the regular program of work of the NARI.

The general coordination offices in the NARIs would, in turn, maintain strong ties and
coordination with PROCIANDINO and the local IICA office.
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The intemational centers operating in the region (CIAT and CIMMYT), which have a
mandate to work with four of the five products concerned, should also be taken into
account. In order to avoid duplication, actions should be coordinated with these centers,
which may also provide advisory services.

Operations

The subregional technical coordination offices (one for each product) that would
be responsible for the technical supervision of research activities, would work at the oper-
ations level. Their main duties would be to identify new problems, draw up and review
projects, implement projects in the country concerned, and be responsible for coordinat-
ing and monitoring technical activities in the other countries. These units would also be
responsible for evaluating all research on each product at the subregional level. They
would work in coordination with PROCIANDINO, local lICA offices, and the international
centers.

There would be a local technical coordination office in each of the remaining coun-
tries (the countries other than the one where the subregional technical coordination office
is located). These local offices would carry out activities pertaining to diagnosis, formu-
lation, execution, coordination, monitoring, and evaluation at the local level. The teams
of local researchers would be staff members of these local coordination offices, which
would also coordinate their work with the local IICA office.

A technical committee would be appointed for each of the five product studies.
These committees would decide on matters relating to their particular fields of expertise.
The technical committee would be made up of the subregional technical coordinator (pro-
ject leader), the national leaders or technical coordinators for each project, and repre-
sentatives of the international centers.

The different units and their duties are shown in Table 8.

CONCLUSIONS

Subregional Priority-setting Exercise

It is worth pointing out that this study represents an effort to make up for the absence
of a framework of regional priorities. PROCIANDINO, a cooperative effort of the countries
of the region, is the only program that comes close to providing such a framework. PRO-
CIANDINO, however, cannot be considered a substitute for a systematic effort to identi-
fy and agree on shared priorities, particularly in view of the changes that have taken place
in the environment and the objectives of current research. Hence, one of the first con-
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Table 8. IICA-IDB-Priorities project.

Level Unit Duties
Administration IDB Funding
Monitoring
Evaluation
PROCIANDINO General coordination
Administration
IICA Offices in Monitoring
member countries (3) Evaluation

Coordination and
Advisory Services

Operations

NARI (3)

International centers

Subregional technical
coordination (5)

Local tech. coord. (10)
(2 per product)

Local researchers (?)

General coordination
Country coordination
Country administration
Monitoring

Evaluation

Advisory services

Diagnosis of problems

Project formulation

Execution projects own country
Coordinating and monitoring
projects in other countries
Evaluation of subregional projects

Local diagnosis
Local formulation
Local execution
Local coordination
Local evaluation

Execution
Monitoring
Evaluation

Note: Numbers in parentheses indicate the number of units.

Source: Prepared by the author.
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clusions to be drawn from this subproject is that there is a need for a subregional priori-
ty-setting exercise. The objectives, methodology, and implementation of such an exer-
cise would be different from those of efforts made at the national level. In this regard, the
following aspects should be borne in mind:

— The subregional scenarios in which the research and transfer of agricultural
technology are to carried out. These are influenced by factors such as the follow-

ing:

The new role of the agriculture sector, which must now compete with other sec-
tors for production resources—especially capital and manpower-by means of rel-
ative remuneration. Consideration should also be given to eliminating biases,
such as import taxes and discriminatory relative prices, which have limited the
growth of agriculture.

The different levels of subregional integration, which in theory should allow for
specialization based on relative or competitive advantages and market growth,
and thus would allow for the adoption of technologies offering economies of scale.

Common trade policies with respect to third parties. These have a direct bearing -
on subsidy structures and distortions on the international market for agricultural
products. The assumption underlying this statement is that the national govern-
ments will, to some extent, use the availability of subsidized raw materials and
foods to measure the impact of policies on certain variables at the macro level,
particularly employment, inflation, fiscal deficit, and GDP growth rate.

— The general objectives to which the research and transfer strategy is supposed
to contribute, including food security for the region and/or the strengthening of agro-
food chains.

In the first case, that of food security, the emphasis would be on improving the
production of primary goods that are in demand especially among the low-income
strata, bearing in mind factors such as population growth and the deterioration of
indicators of social well-being, particularly nutrition.

In the second case, that of strengthening of agrofood chains, the emphasis of
research and technology transfer would be on improving quality and on the pro-
cessing of raw materials. This objective is predicated on the need to gain access
to markets where purchasing power is high, thus generating employment and
profitable investment opportunities.

— The new criteria for evaluating and setting priorities at the national level among
different alternatives, such as equity, sustainability, productivity, and competi-
tiveness, cannot easily be aggregated and transferred to the subregional level.
The priority-setting exercise must therefore make a theoretical and methodological
contribution toward such an effort.
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The greatest problem that must be addressed in a subregional priority-setting
exercise is that of the great diversity of agricultural sectors that exist in the differ-
ent countries. Some countries, such as Colombia, have a tradition of substantially
self-sufficient agriculture, while others, such as Venezuela, have relied heavily on
imports for their supplies.

— In light of the above, the TAC suggestion that regional priorities should be set
according to homogeneous agroecological zones appears quite reasonable.
The main problems involved in adopting this proposal, however, are the absence of
clear criteria for identifying internationally hornogeneous agroecological zones and
the lack of readily available information to facilitate the task. In fact, this issue should
be assigned top priority as a topic for a subregional research project.

— The actors and the structure of research in the agricultural sciences have
changed substantially.

The public sector no longer plays the predominant role it used to; private agents
now often take the initiative in funding and carrying out research projects.

The objectives of the national agricultural research institutions (NARIs) are chang-
ing, and the focus is now on generating know-how, conducting basic research,
and promoting equity and sustainability.

With the above changes, there is a tendency to move away from a single-institu-
tion structure toward a more complex structure of national research and transfer
systems, in which the end user of production and/or processing techniques is
expected to have the last word on how public resources are allocated.

Assessment of Available Research Resources

The second conclusion that may be reached at the end of this subproject has to do
with the need to assess, at the subregional level, the research resources presently
available in the different countries and institutions. This assessment, which was begun
under the IDB/IICA project, must meet two immediate needs:

— It must provide a basis for proceeding immediately to design research and transfer
projects, with a view to improving, if not maximizing, the use of human, physical, and
financial resources.

— It must provide a frame of reference for analyzing potential investments aimed at
improving the quantity and quality of regional research resources, bearing in mind the
need to make optimum use of existing resources.

— In the area of human resources, training should focus on disciplines that will sup-

plement existing resources, in order to create a critical mass at the upper eche-
lons and thus generate new know-how that can be appropriated across the board.
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- As regards investments in physical resources, the problem is to determine where
they should be located and the degree to which other countries should participate.
This decision has more political than technical implications, the arguments relat-
ing to complementarity and development being equally valid.

-~ As regards financial resources, the working hypothesis that has recently gained
the widest acceptance is the idea that the problem is not merely one of availabil-
ity, but also of allocation of resources. At the national level, expenditures have
been scattered among a number of activities, thus limiting their actual impact. By
allowing for an integration of efforts, regional projects can help eliminate this prob-
lem.

-~ Experience has shown that certain regions have a number of features that facili-
tate research. National priority-setting systems have not explicitly considered
environment as a resource. Using the availability of this resource as a criterion
for allocation could help solve part of the problems involved in distributing invest-
ments among physical and financial resources.

Individual Advantages and Possible Distribution of Tasks

The methodology applied to this subproject has shown that it is possible, by bringing
together administrators and scientists, to identify the unique advantages of each nation-
al group and then distribute tasks taking into account these advantages.

The effort was greatly facilitated when work had already been done at the regional
level, as in the case of the networks. In principle, these networks facilitate communica-
tions and allow researchers to assess the situation on a case-by-case basis.

Nevertheless, not every product or every participant needs to adjust to this work plan.
With products that have a longstanding tradition of research, such as staple foods, it is
feasible to work through a network. However, with new products, such as export crops,
new forms of association must be identified, and greater weight may sometimes be
assigned to institutions or to individuals, as the case may be. When individuals are con-
cerned, it would be easier to work at the level of disciplines—entomology, for
example—than at the level of production-export enterprises.

It appears from all of the above that at a later stage it would be worthwhile to study
the possibility of developing institutional mechanisms and forms of association that would
allow for cooperative research in new areas. Such efforts should, in principle, build on
and improve on existing institutional systems, such as PROCIANDINO.

Institutionalization and Administration

It is evident from the above that subregional research projects need to be institution-
alized. Indeed, in order to facilitate comprehensive planning, monitoring, and evaluation
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at the subregional level, an institutional scheme must be developed that will guarantee
the following:

— The continuity of planning and priority-setting efforts, with a view to ensuring that pro-
jects have both stability and flexibility. Stability is particularly important with regard to
the senior staff of participating institutions. Flexibility must be maintained when it
comes to developing multilateral and bilateral agreements and implementing changes
in macro and sectoral policies over the medium and long term.

— The monitoring of agreed work plans in order to find solutions for short-term problems
that hinder or prevent the implementation of plans.

— An ongoing evaluation of progress and results as a mechanism for selling the region-
al research strategy. Evaluation must be viewed as a means of supporting and sup-
plementing national and/or local programs and projects (e.g., staff training, availabil-
ity of technologies and materials)

The methodology applied to the subproject brought together institutions that work at
different levels, such as national centers (ICA, INIAP, FONAIAP), research networks
(PROCIANDINO), international centers (CIAT, CIMMYT), and private institutions (Andean
Fruit Center). These institutions, working together, suggested the following ideas for
institutionalizing subregional research:

— They identified three levels of responsibility within each regional project to be imple-
mented. The first would be high-level management, at which decisions would be
made for managing, monitoring, and evaluating resources that are available for the
research project. The funding institutions, PROCIANDINO and the local IICA offices
would act at this level.

— The second level would be that of coordination and advisory services. This respon-
sibility would be assigned directly to the national research institutes that participate in
each regional research project. One of the reasons for doing this would be to ensure
that activities pertaining to the regional project are included in the regular program of
work of each national institution.

— Actual execution of activities at the operational level would be assigned to a subre-
gional technical coordination office. Coordination would be directed by a regional
technical committee made up of leaders of the national research projects participat-
ing in the project. If an international center is actively involved in the implementation
of certain project activities, it would also be represented on the regional technical
committee.
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INTRODUCTION

The main purpose of this study is to show the agricultural research priorities (ARPs),
by product, that have been identified in the Central American countries (Costa Rica, El
Salvador, Guatemala, Honduras, Nicaragua, and Panama). These priorities were identi-
fied in each country during the period 1990-92 (Medina Castro 1990, 1991b, 1991c,
1991d, 1992a, 1992b).

The study is directed at researchers, administrators, professionals, and students who
are involved in policy design, planning, and allocation of resources for agricultural
research (AR).

The first section outlines the basic elements analyzed and sets the findings on prior-
ities in the proper context. The methodology used in each country is then described in
detail, and the findings are shown.

Defining Priorities

A number of different methods can be used for setting priorities and allocating
resources among different research options (Medina Castro 1991a). It is usually easier
to set priorities than to assign resources; at the same time, priorities must be set before
resources can be allocated. Priority setting involves establishing an order of precedence;
resource allocation is a multidimensional effort, inasmuch as it calls for different types of
resources (human, physical, and operational) to be distributed among different research
options.

National research systems are organized differently in different countries, and the
availability and reliability of information varies from one Central American nation to anoth-
er. Therefore, a priority-setting method was chosen that would be general and flexible,
so that it could be applied in all the countries, especially those in which very little infor-
mation from secondary sources is available. The choice of method was made according
to the results obtained in each country over a period of two to three weeks. The scoring
method of priority setting was chosen because it is simple and easy to implement, and it
takes into account the objectives pursued in the agricultural policies of the countries con-
sidered.

In this context, priority setting is defined as the process of ranking different agricul-
tural research options according to their importance, in order to provide information that
will allow for resources to be allocated in such a way as to improve the well-being of the
population.
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Context

Toward the late 1980s and the early 1990s, the Central American countries made
adjustments in their economies that were designed to enable them to come out of the cri-
sis they were undergoing, particularly after the oil shock of the 1970s, which had led to a
deterioration of the terms of trade (e.g., the drop in the international prices of commodi-
ties, especially coffee). This crisis had been aggravated by the countries’ external indebt-
edness and the high interest rates prevailing in the international financial markets in the
early 1980s.

The crisis not only caused a decline in the gross domestic product (GDP); it also
exacerbated existing economic inequalities (Stonich 1991). To a certain extent, it brought
to light the fact that the model based on “inward growth™—increasing domestic demand
and promoting industrialization through import substitution—was obsolete. Essentially,
the recent adjustment programs were geared toward completely opening the country up
to international trade, deregulating prices and privatizing the economy (Fallas and Rivera
1988).

In Central America, the “success of adjustment” has been measured by the growth of
nontraditional exports, which shows the extent to which the countries have succeeded in
adjusting their economic structure in order to diversify their exports and use their com-
parative advantages (Irvin 1991), thus promoting a reorientation of the economy toward
“outward growth.” The countries that have been most successful in this effort are Costa
Rica and Honduras.

The promotion of nontraditional agricuitural exports is a central component of this
economic growth strategy. In Central America, traditional export commodities are
bananas, coffee, sugarcane, and beef.

It is worth mentioning that macroeconomic adjustment policies affect the lowest
income groups in society (Pinstrup-Andersen 1990). In Latin America, the lowest income
groups have suffered the most during the initial stage of adjustment, when the economy
must be stabilized through measures designed to lay the foundations for growth, such as
wage controls and subsidy reduction (French-Davis 1989).

In Central America, there are cases in which even during a later stage of adjust-
ment-the stage of growth based on an increase in exports, especially nontraditional agri-
cultural products—-small farmers have been displaced in the process of expanding the pro-
duction of nontraditional export commodities (NTE). This process also has a negative
effect on natural resources and the environment (Stonich 1991). Thus, certain growth
patterns are not neutral in terms of equity, natural resources, and the environment.

In light of the above, it is understandable that the attainment of economic growth with
social justice and natural resource conservation are included among the stated objectives
of the agricultural development plans of most of the governments of the region (Costa
Rica, Guatemala, Nicaragua, and Panama). Hence, in the priority-setting exercises con-
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ducted in the Central American countries, the goals of efficiency, equity, and sustainabil-
ity were chosen as guidelines for identifying priorities.

National Agricultural Research Systems

When identifying national agricultural research priorities and research options by
product, as in this study, it is helpful to take the following steps: (a) define a national agri-
cultural research system; (b) analyze its “structure,” and (c) tie that structure in with the
ARPs that have been identified.

In general terms, a national research and technology transfer system is made up of
national institutions, both public and private, that generate or transfer agricultural tech-
nology in the country. These institutions, in turn, make up a subsystem, the National
Agricultural Research System (NARS). The system includes different types of institutions
in one or more ministries, mixed or parastate agencies, and university-level schools of
agronomy, as well as in the private agricultural sector.

The structure of a NARS or of one of its components includes elements such as the
number and size of the institutions that belong to it, the sector to which the institutions
belong (public, private, or mixed), their fields of action (e.g., stages in the production sec-
tor, disciplines, products on which research is done) and the linkages (vertical or hori-
zontal) among them.

The macroeconomic adjustment measures that have been implemented, particularly
those aimed at reducing the size of government, have brought about rapid changes in the
structure of institutions in Central America, as they redefine their size, their functions, and
their sphere of action. At the same time, new institutions have been making their appear-
ance, usually in the private sector.

In the case of the Central American countries, it is particularly pertinent to note the
structure of the institutions that are conducting research on final products and on pro-
duction categories. This structure is different in each country. In Panama (1990), for
example, there appears to be a monopoly: fundamentally, almost all research on the cat-
egories under consideration is carried out by a single state institution. In the case of
Nicaragua (1991), research on final products is done by several institutions.

In interpreting the findings on priorities by product at the national level, it is important
to bear in mind the structure of the NARS institutions that do research on final products.
If the structure is monopolistic, for example, priority-setting will consist of ranking the dif-
ferent categories for purposes of allocating.research resources within the institution con-
cerned. If the structure is divided, priorities will be set among the different institutions
and, occasionally or implicitly, those same institutions will also be ranked according to pri-

ority.
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Usefulness and Limitations of the Method Chosen

The order of priorities established by using the scoring method is useful for purposes
of deciding to which products research resources should be directed and/or for which
products resources should be sought, in order to attain established objectives. This
method, however, only allows for priorities to be set among different research options.
The ARPs established under this system do not automatically indicate the order in which
resources should be allocated among the different options, let alone the magnitude of
such resources.

Giving high priority to a certain product, for example, does not necessarily mean that
a high level of research resources will be assigned to it, inasmuch as other factors, such
as supply of and demand for technology must also be considered. Indeed, a product may
have high priority and a high supply of technology, but not much demand for technology.
This would mean that allocating more research resources to that product than to others
could be economically inefficient, inasmuch as the social benefit would be greater if part
of the resources were directed toward research on products that have lower priority but
a greater supply of and demand for technology.

Even so, the methodology used in this study, and the results obtained, represent the
first step in a process that is designed to provide useful information for purposes of deci-
sion making on the allocation of research resources.

METHODOLOGY -

In the early 1990s, most of the governments of the Central American region had
drawn up elaborate agricultural development plans, with a view to achieving sustainable
growth in production while ensuring greater equity and preserving natural resources. In
light of the above, the model proposed for setting research priorities by product includes
three objectives that serve as guidelines, namely efficiency, equity, and sustainability.
These are defined as follows:

— Efficiency: Agricultural production is increased or production or research costs are
reduced.

— Equity: The well-being of low-income groups is improved.

— Environmental sustainability: The environment is protected and natural resources
are preserved.

The three objectives are independent, inasmuch as action aimed at achieving one of
them does not necessarily help achieve the other two; in fact, they may sometimes be in
conflict with each other (Daly 1991).

There are patterns of growth in which production is increased at the expense of equi-
ty. As pointed out in the theory of induced innovation (Bingswagner and Ruttan 1978),
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for example, under certain circumstances, an increase in agricultural production through
intensive mechanization may reduce the use of unskilled labor, thus lowering the income
of certain marginal groups. Similarly, certain agrarian reform projects that entail distrib-
uting forest areas to landless farmers might improve the economic position of low-income
groups, thus helping to improve the distribution of income, but would increase deforesta-
tion and have a negative impact on the ecosystem. This does not mean that whenever
economic efficiency is improved, equity deteriorates, or that equity improves at the
expense of sustainability; rather, it means that in some cases, actions aimed at meeting
one of the three objectives may have a negative effect in terms of the others.
Consequently, in considering priority-setting policies, it is important to consider the poten-
tial trade-offs among objectives.

As indicated above, the scoring method was chosen for the priority-setting exercises
with which this report is concerned. Not only is this method simple and easy to apply, but
it allows for the participation of personnel involved in research and transfer activities, as
well as directors, administrators, and planners concerned with agricultural research, thus
ensuring that the findings will be credible. The Lotus 123 computer scoring program was
also used to establish the ARPs (Medina Castro 1992c).

Identification of Research Priorities

Scoring models have been widely used in Latin America (Gomez Quiroga et al. 1977;
Norton and Pardey 1987) to identify agricultural research priorities by product at the
national or regional level. Scoring models generally use two types of variables. One has
to do with the economic efficiency objective (level of exports and imports, level of pro-
duction, future demand). The other has to do with the equity objective (levels of calories
and proteins provided by the diet, number of small farmers).

Under this approach, which is based on Norton and Pardey (1987), the application of
previous scoring models is extended to add the income-security objective and include
variables pertaining to research efficiency. The Norton and Pardey model is modified
somewhat, however, as income security is replaced by the sustainability objective. In the
model developed by these authors, each objective is represented by at least one criteri-
on, and each criterion, in turn, is represented by one or more variables.

Variables Considered in Setting Priorities
The first objective —economic efficiency- includes three types of criteria:
1. Importance of the product, which in turn is associated with the following:

a. Value of production. The higher the value, the more important the product.

b. Value of the volume of international trade (measured by the value of imports plus
the value of exports). Greater importance was assigned to products with a high-
er value.
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c. Anticipated change in demand during the next five years. Greater importance

was assigned to products that are expected to show (proportionally) increased
demand.

Comparative advantage. Since a country’s income will increase if it makes an
effort to promote those exports that it is better equipped to produce with its own
resources, a higher ranking was assigned to products that have a greater com-
parative advantage, this being estimated by the domestic-cost-of-resources
(DCR) coefficient, when available (see definition of DCR in Scandizzo and Bruce
1980).

2. Research potential, associated with the following:

a. Seriousness of problems to be researched. Greater importance was assigned to

products that had the most serious problems (in the opinion of the researchers).

b. Research potential (in terms of anticipated increase in yields), as assessed by the

researchers. Greater importance was assigned to products having greater poten-
tial.

3. Efficiency in the use of research resources, associated with the following:

a. Research experience. Since the cost of research is reduced, ceteris paribus, as

experience is gained, higher priority was assigned to products on which more
researcher-years of experience had already been accumulated.

Flow of information to and from international research centers. Higher priority was
assigned to products on which there was a greater flow of information to and from
international centers with regard to the research being conducted.

Private-sector incentives to conduct research on a given product. In order to
assign resources in the public sector, higher priority was assigned to those prod-
ucts on which the private sector was offering fewer incentives for research.

With regard to the second objective—equity—the distributive impact of research results
was considered, according to the following variables, associated mainly with low-income
groups:

a. Contribution in calories (average) to the daily diet.

b. Contribution in proteins (average) to the daily diet.

c. Level of self-consumption on the part of producers. The importance of products
increases as the level of self-consumption of the “typical” farmer increases.

d. Number of farmers. The greater the number of farmers growing a particular product,
the more important the product.
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e. Impact on resource utilization (job creation). Higher priority was assigned to products
involving the use of labor-intensive technology (or technology that is less likely to
reduce the use of manpower). In the case of El Salvador, where land is a critically
scarce resource, high priority was assigned to categories involving the use of tech-
nologies that save on the use of land.

The sustainability objective was associated with the potential environmental impact of
the research, determined as a consequence of the adoption of the technology in ques-
tion, in the opinion of the researchers interviewed. Thus, low priority was assigned to cat-
egories that involve the use of technologies which are more likely to harm the environ-
ment, such as those that call for intensive use of agrochemicals.

Figure 1 shows the relationship between variables and objectives. Except in the case
of sustainability, the variables described were used to identify ARPs by product in El
Salvador, Nicaragua, and Guatemala, while they were all used in the cases of Costa
Rica, Panama, and Honduras.

Objectives Efficiency Equlty Sustalnability
CRITERIA Importance Research Efficiency AR Distribution of  Impact on
of product potential resources impacts environment
VARIABLES a. Value of a. Estimates by a. Research a. Contrib. a. Environmental
production scientists experience calories impact of
adopting
technology
b. Value of intl. b. Seriousness of b. Flow of b. Contrib.
trade imports problems information to proteins
+ exports and from int'l.
centers
c. Future demand c. Anticipated c. Private sect. c. Self-consumption
increase in incentives
yield
d. Comparative d. No. of farmers
advantage
6. Impact on
resources

Figure 1. Conceptual elements of the scoring modei for identifying priorities by product.
Source: Prepared by the author based on Norton and Pardey 1987.

Determining Priorities

The list of products to which priority must be assigned is different in each country.
The choice was made by the researchers and local administrators. In order to identify
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priorities, the variables described above were divided into quantitative variables and qual-
itative variables, as shown in Table 1.

Table 1. Variables for identifying research priorities.

Quantitative Qualitative

1. Value of production 10. Seriousness of problems to be solved
2. Value for international trade through research

3. Anticipated change in demand 11.  Private sector incentives

4. Comparative advantage 12. Impact of technology on environment

5. Research experience 13. Use of resources (manpower)

6. Number of farmers 14. Flow of information to and from international
7. Level of self-consumption centers

8. Calories provided in average daily diet 15. Research potential (anticipated increase in
9. Proteins provided in average daily diet yields)

Source: Prepared by the author.

Given the list of n products to which priority must be assigned, for each quantitative
variable the products were ranked (from 1st to nth) according to the value of the variable.
At the same time, each product was assigned a partial score according to the rank it was
assigned for the variable: first place was scored as n points, second place as n-1 points,
and so forth.

In order to determine the importance of products according to qualitative variables,
the researchers working at institutions were interviewed. They were asked to express
their views on all the research categories being considered. For each qualitative variable,
they were asked to set a value (2 = high, 1 = low, 0 = none) for each product. The type
of response was the value assigned to the product for each of the qualitative variables.

A partial score for a product in each qualitative variable was determined in much the
same way as the partial score for the quantitative variables. Based on this figure, a score
for each “i” product was determined, according to the following formula:

m
1) Pi=XW*X;i=12,..,n
j=1

m
with ¥ Wj=1; where
j=1
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W, = the weighting factor or weight of variable j.
X = partial score of product i for variable /.
J = 1,...mi=1,.,n

According to formula (a), the score assigned to each product depends, among other
things, on the values of the weighting factors, which determine the weight or importance
of each variable.

In order to calculate the weighting factors for each country, interviews were conduct-
ed with researchers and administrators involved in agricultural research. Each person
interviewed was asked: (a) to assign a weighting factor (in percentage terms) to each of
the quantitative variables, adding up to a total of 100%; (b) to assign a weight to the qual-
itative variables, adding up to 100%; and (c) to assign an overall percentage to the quan-
titative variables, and an overall percentage to the qualitative factors, adding up to 100%.
Finally, the ranking of each qualitative variable was obtained by multiplying its average by
the average of the overall percentage of the quantitative variables. A similar procedure
was followed to determine the weight of the qualitative variables.

The scoring program applied to the information obtained identifies the ARPs accord-
ing to formula a and ranks (in descending order) the categories, according to the total
score obtained.

The scoring model adopted, and the corresponding software, made it possible in
some countries (Costa Rica, Honduras, and Panama) to consider additional sets of
weighting factors, called scenarios, in order to identify changes in priorities as a result of
a change in the emphasis given to a particular objective, which makes it possible to ana-
lyze exchanges between independent objectives. These exchanges are perceived when
there is a change in the weights of variables associated with one of the objectives so as
to preserve the zero figure.

For example, if the weights of the variables associated with the equity objective
(Fig. 1) are increased, the weights of the remaining variables decrease or remain con-
stant, in order to ensure that the sum of the weights of all of them is 100%. This would
make it possible to analyze the dependency of the priorities obtained in the equity vari-
ables.

AGRICULTURAL RESEARCH PRIORITIES
IN COSTA RICA

Context

Perhaps the most interesting aspect of the Costa Rican agriculture sector is the fact
that it has developed a dynamic and flexible capacity to respond to signals and opportu-
nities as they arise on the international market. This has led it to constantly diversify its
agricultural exports. According to FAO data, while in 1980 nontraditional products
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accounted for only 12% of the value of agricultural exports, by 1990 they accounted for
25%.

This is why it is advisable to ensure that a model for establishing agricultural research
priorities at the macro level reflects, through the variables with which it operates, the com-
parative advantages and potential opportunities available to producers on the interna-
tional market (Schuh and Norton 1991). However, it is also necessary to consider pos-
sible exchanges that occur with respect to equity and sustainability, and thus, it is impor-
tant to include variables pertaining to food security and environmental conservation.

Structure of the NARS in Costa Rica (1992)

The Costa Rican NARS is made up of a widely varied range of public and private insti-
tutions that conduct agricultural research with independent mandates and budgets.

The public sector NARS conducting research on agricultural products is concentrat-
ed mainly in the University of Costa Rica (UCR) and the Ministry of Agriculture (MAG).
These institutions generally carry out research on categories that are included in the food
basket (associated with a low-demand income elasticity) or produced by a large number
of small farmers (see appendix).

The main private sector institutions in the NARS tend to specialize in research (or
subcontract it) and marketing in a single product. For example, the Instituto
Costarricense del Café (Costa Rican Coffee Institute—ICAFE) specializes in coffee, the
Direccién en Investigacion en Cana de Azucar (Directorate of Sugarcane
Research-DIECA) concentrates on sugarcane, and the Corporacién Bananera Nacional
(National Banana Corporation—~CORBANA) is mainly concerned with bananas. In addi-
tion, the Coalicion de Iniciativas de Desarrollo (Costa Rican Investment and Trade
Development Board—CINDE) promotes the development of nontraditional export com-
modities and funds research on some of them.

In contrast with a NARS such as the one in Panama, where a few institutions do
research on a large number of categories (Cuéllar 1990), the Costa Rican NARS is more
diversified, inasmuch as its institutions conduct research on a few products, and there is
hardly any overlapping in the categories studied.

Given this situation, there are within the NARS linkages between the product studied
and the institution involved. In Costa Rica, research on certain products is directed by
specific institutions, and, thus, a ranking of products could implicitly establish a ranking
of institutions.

Rationale for Establishing Research Priorities in Costa Rica
As a result of the macroeconomic adjustment, governmental expenditure in terms of

GDP has tended to fall. By the same token, operating resources for research activities
in the public sector have become increasingly scarce in relative terms.
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Given the existing ties between categories and institutions, the public research insti-
tutions do not carry out research on every product. It is useful for them to establish an
overall ranking of agricultural categories in order to have the ability to direct the alloca-
tion of public funds for agricultural research in accordance with objectives that are con-
sistent with the National Development Plan set up by the government. This so as to place
them in perspective within the plan and capitalize on current trends in the international
economy.

Methodology

The 1990-1994 National Development Plan includes the following overall objectives
for the new Costa Rican development model:

— To attain sustained growth . . . based . . . on greater opening up of the economy and
a reduction of distortions in order to transform the production structure through a
more effective and just process for distribution of income.

— To guarantee rational utilization of natural resources, along with the preservation and
restoration of essential ecological processes. (MIDEPLAN 1991)

The list of products for which Costa Rica needs to establish priorities is shown in
Table 2. Information on variables for the relevant categories was obtained from local
secondary sources and from FAO, for 1989 and 1990.

In order to guide the identification of priorities and in accordance with the objectives
of the plan, the objectives of efficiency, equity, and sustainability were chosen. The vari-
ables associated with those objectives are shown in Table 3.

Very little information was obtained from secondary sources; therefore, interviews
were conducted with officials, especially MAG and UCR researchers, in order to supple-
ment and verify certain quantitative variables. This was the case with the variables per-
taining to growth of demand, comparative advantage, research experience, number of
farmers, levels of self-consumption, and importance of the products selected in the aver-
age daily diet in terms of calories and proteins.

In order to determine the weighting factors for formula 1 in section 2, the three sce-
narios shown in Table 3 were considered. In scenario 1, the weights were obtained
through interviews with MAG and UCR administrators and researchers. It is interesting
to note that the weighting factor for the variable associated with sustainability is the high-
est (13%), since most of the people interviewed assigned a high weighting factor to that
variable.

Scenario 2 was designed to analyze how to vary the priorities with respect to scenario
1, when the weights of the variables vary in favor of a research policy that stresses the
equity objective, as greater importance is assigned to the variables associated with the
distributive impact of research.
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Table 2. Costa Rica: Products proposed for inciusion in priority-setting for agricultural

research.

1 Com 13 Broccoli 25 Watermeion 37 Pejibaye
2 Beans 14 Cabbage 26 Cantaloupe 38 Pepper
3 Rice 15 Tomatoes 27 Papaya 39 Tobacco
4 Sorghum 16 Lettuce 28 Pineapple 40 Cacao
5 Soybeans 17 Onions 29 Avocado 41 Macadamia
6 Cotton 18 Asparagus 30 Oranges 42 Cassava
7 Coffee 19 Carrots 31 Soursop 43 Roots and
8 Bananas 20 Cauliflower 32 Strawberries tubers
9 Sugarca ne 21 Cucumber 33 Blackberries 44 Poultry
10 Ornamental plants 22 Bell peppers 34 Mangoes 45 Beef cattle
11 Flowers 23 Chayote 35 Plantains 46 Dairy cattle
12 Potatoes 24 Passion fruit 36 African paim 47 Swine

48 Forestry

Source: Prepared by the author.

Scenario 3 was considered in order to discern the change in priorities (also in sce-
nario 1) when research policy is focused on the efficiency objective and when greater
importance is assigned to the variables associated with the economic importance of the
product.

Results

The results obtained for the scenarios described are presented in Tables 4 and 5. In
order to interpret the results, the 48 products should be divided into 4 groups of 12 prod-
ucts each by order of priority, that is, very high, high, medium, and low.

Scenario 1

The high-priority group (from 1 to 12) includes traditional and nontraditional products;
among the latter are oranges, cantaloupe, roots and tubers, plantains, and strawberries.
This is an interesting finding compared with the situation in El Salvador where the high-
priority group only includes staples and nontraditional export products.

By contrast with the exercise in El Salvador, where the staple grains (com, beans,
rice, and sorghum) are in the first four places, in Costa Rica these categories are in the
low-priority groups. This is partly due to the fact that in scenario 1, the weights assigned
to the equity variables (29% overall) are relatively small in comparnson with those
assigned to the variables identified with the efficiency objective (61%).
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Scenario 2

As might be expected, when the weighting factors in scenario 1 are changed to favor
the variables associated with equity, the high-priority group includes important products
in the food basket (low-demand elasticity with respect to income) or those that are pro-
duced by a large number of farmers, such as beans. By contrast, the low-priority group
(from 37 to 48) mostly includes Nates associated with high income-elasticity with respect
to demand (asparagus, macadamia, pepper, ornamental plants, and flowers) and prod-
ucts not included in the food basket and which are produced by a small number of farm-
ers (cotton, soybeans, sorghum, and tobacco).

Scenario 3

When the weighting factors are changed to emphasize the economic efficiency objec-
tive in terms of the importance of the product, all the traditional export products appear in
the highest priority group (from 1 to 120); nevertheless, this group is made up mainly of
NTE products (oranges, chayote, cassava, papaya, and plantains), and includes three of
the major NTE products: pineapple, cantaloupe, and roots and tubers.

With regard to scenario 1, corn and rice are ranked lower in priority and beans are
given higher priority, while sorghum remains in last place.

In the three scenarios, plantains and roots and tubers are in the highest priority group.
This finding is probably due, inter alia, to the following: (a) they are important in the Costa
Rican diet; (b) they are gaining ground among nontraditional exports; and (c) according
to the persons interviewed, the technologies used in producing roots and tubers are not
harmful to the environment.

AGRICULTURAL RESEARCH PRIORITIES
IN EL SALVADOR

Context

Agricultural research priorities in El Salvador were identified during 1990, when an
alternative model for the generation and transfer of agricultural technology (AID-MAG-
IICA 1990) was proposed. The general objectives of this model were to help increase per
capita income in the country, improve food security, and promote the savings and gener-
ation of foreign exchange.

When there is a national agricultural research plan (whether operational or strategic),
the public-sector priorities of the NARS will be included within the objectives of the plan.
In practice, however, the relationship between the plan and the ARPs is a repetitive
process: priorities are identified, the plan is drawn up, priorities are reformulated based
on the plan.
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Table 3. Quantitative and qualitative variables and scenarios considered in establishing
priorities for categories of agricultural products.

Variables Scenario 1 Scenario 2 Scenario 3

Weighting factors Emphasis on equity: Emphasis on
obtained from associated weighting efficiency: associated

interviews factors total 71% weighting
total 77%
(weighting factors) (weighting factors) (weighting factors)*

Quantitative % % %
1. Value of production 10 3 172
2. Value of intemational trade 7 3 202
3. Anticipated change in demand 4 3 202
4. Comparative advantage (DCR) 7 3 202
5. Research experience 5 3 2
6. Number of farmers 7 mn 2
7. Level of self-consumption 4 171 2
8. Calories provided in average

daily diet 4 in 2
9. Proteins provided in average

daily diet 3 17 2
Qualitative
10. Seriousness of problems to be

solved through research 7 3 2
11. Private sector incentives 7 3 2
12. Technologies not harmful to

environment 13 3 2
13. Impact on employment 8 3t 2
14. Information flows to and from

intemational centers 3 3 2
15. Research potential (anticipated

increase in yields) 10 3 2

*  Figures are rounded; hence, the sum of weighting factors is not 100%.

1. Variables associated with the “equity” objective.
2. Variables associated with the economic importance of the product.

Source: Prepared by the author.
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Table 4. Costa Rica: Research priorities under scenarios 1 and 2.
Scenario 1 Scenario 2 (emphasis on equity)

Priority Product Score Priority Product Score
1. Bananas 38.64 1. Beans 40.92
2. Oranges 37.81 2. Cassava 38.83
3. Cantaloupe 37.75 3. Roots and tubers 38.58
4. Plantains 37.21 4. Potatoes 38.46
5. Cattle (beef) 36.90 5. Com 38.43
6. Cattle (dairy) 36.59 6. Plantains 37.10
7. Coffee 36.39 7. Papaya 36.05
8. Sugarcane 35.88 8. Cattle (dairy) 35.94
9. Potatoes 35.76 9. Poultry 35.82
10. Roots and tubers 35.49 10. Tomatoes 35.81
1. Poultry 35.00 1. Rice 35.18
12. Strawberries 34.95 12. Cabbage 34.53
13. Mangoes 34.90 13. Strawberries 34.34
14, Pineapple 34.54 14. Chayote 33.98
15. Cassava 34.50 15. Bell peppers 33.88
16. Tomatoes 34.33 16. Carrots 33.70
17. Cacao 33.73 17. Sugarcane 33.43
18. Papaya 33.17 18. Oranges 32.70
19. Swine 33.07 19. Bananas 32.69
20. Chayote 33.07 20. Swine 32.66
21. Com 32.43 21. Cattle (beef) 32.56
22. Soursop 32.42 22. Mangoes 31.33
23. Passion fruit 3242 23. Cantaloupe 31.15
24, Blackberries 32.35 24. Blackberries 31.09
25, Beans 31.68 25. Onions 30.71
26. Bell peppers 31.13 26. Coffee 30.41
27. Macadamia 30.98 27. Lettuce 30.40
28. Onions 30.59 28. Avocado 30.32
29. Avocado 30.40 29. Cauliflower 29.51
30. Cabbage 30.11 30. Soursop 29.13
31. Rice 29.24 31. Pejibaye 28.36
32. Lumber 29.22 32. Cucumbers 28.35
33. Pejibaye 29.04 33. Pineapple 27.79
34, Carrots 28.84 34, Broccoli 27.59
35. Lettuce 28.36 35. Cacao 27.37
36. Broccoli 28.31 36. Passion fruit 26.83
37. African palm 28.27 37. African paim 25.32
38. Asparagus 27.58 38. Watermelon 24.22
39, Cauliflower 27.09 39. Asparagus 23.18
40. Watermelon 26.45 40. Macadamia 21.69
41, Ormamental plants 26.34 41. Pepper 20.34
42, Tobacco 26.34 42, Lumber 17.89
43. Cucumber 25.95 43. Soybeans 16.00
44, Flowers 25.65 44, Tobacco 16.57
45, Pepper 23.56 45. Cotton 15.53
46. Cotton 18.95 46. Sorghum 15.41
47. Soybean 18.44 47. Omamental plants 14.55
48, Sorghum 16.55 48. Flowers 14.31

Source: Prepared by the author.
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Table 5. Costa Rica: Research priorities under scenarios 1 and 3.
Scenario 1 Scenario 3 (emphasis on economic
significance of product)

Priority Product Score Priority Product Score
1. Bananas 38.64 1. Bananas 44.45
2. Oranges 37.81 2. Coffee 41.88
3. Cantaloupe 37.75 3. Pineapple 38.66
4. Plantains 37.21 4. Sugarcane 38.43
5. Cattle (beef) 36.90 5. Cantaloupe 37.60
6. Cattle (dairy) 36.59 6. Roots and tubers 36.11
7. Coffee 36.39 7. Oranges 35.71
8. Sugarcane 35.88 8. Chayote 34.59
9. Potatoes 35.76 9. Cattle (beef) 34.50
10. Roots and tubers 35.49 10. Cassava 32.57
1. Poultry 35.00 1. Papaya 31.73
12. Strawberries 34.95 12. Plantains 31.72
13. Mangoes 34.90 13. Cattie (dairy) 31.09
14. Pineapple 34.54 14, Tomatoes 31.07
15. Cassava 34.50 15. Pejibaye 30.78
16. Tomatoes 34.33 16. Strawberries 30.50
17. Cacao 33.73 17. Macadamia 30.48
18. Papaya 33.17 18. Mangoes 30.43
19. Swine 33.07 19. Ornamental plants 29.71
20. Chayote 33.07 20. Poultry 28.41
21. Com 3243 21. Beans 27.85
22, Soursop 32.42 22, Blackberries 27.73
23. Passion fruit 32.42 23. Com 27.64
24, Blackberries 32.35 24. Flowers 27.61
25. Beans 31.68 25. Asparagus 27.18
26. Bell peppers 31.13 26. Passion fruit 26.94
27. Macadamia 30.98 27. Bell peppers 26.87
28. Onions 30.59 28. Onions 25.80
29. Avocado 30.40 29. African paim 25.67
30. Cabbage 30.1 30. Carrots 24.42
31. Rice 29.24 31. Potatoes 24.30
32. Lumber 29.22 32. Soursop 24.23
33. Pejibaye 29.04 33. Avocado 23.74
34. Carrots 28.84 34. Swine 23.72
35. Lettuce 28.36 35. Watermelon 23.62
36. Broccoli 28.31 36. Lumber 23.00
37. African paim 28.27 37. Rice 22.59
38. Asparagus 27.58 38. Cabbage 22.52
39. Cauliflower 27.09 39. Cacao 22.31
40. Watermelon 26.45 40. Lettuce 18.30
41. Ornamental plants 26.34 41. Cucumber 18.27
42. Tobacco 26.34 42. Pepper 18.03
43. Cucumber 25.95 43. Broccoli 17.88
44, Flowers 25.65 44, Tobacco 17.74
45, Pepper 23.56 45, Cauliflower 17.52
46. Cotton 18.95 46. Cotton 14.97
47. Soybeans 18.44 47. Soybean 14.04
48. Sorghum 16.15 48. Sorghum 9.22

Source: Prepared by the author,
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In this process, information is exchanged at all levels of the hierarchy, both top down
and bottom up (Contant and Bottomley 1988). In El Salvador, the first step in the process
consisted of drawing up a proposed alternative model for generating and transferring
technology.

In addition, in order to place research priorities in the perspective of the public-sector
NARS, it is important to describe the public entities that were part of the national research
and technology transfer system (NRTTS) of El Salvador in October 1990, when the pri-
ority-setting exercise was carried out. At that time, there was a proposal for restructuring
the entities of the system and bringing them together into a single decentralized institu-
tion under the Ministry of Agriculture: the Centro Nacional de Tecnologia Agricola
(National Center for Agricultural Technology—CENTA), the Centro de Desarrollo
Ganadero (Livestock Development Center—CDG), four regional management offices of
the Ministry of Agriculture (MAG) and the Centro Nacional de Capacitaciéon Agropecuaria
(National Agricultural Training Center~-CENCAP). In 1990, CENTA carried out research
activities on the crops listed in the appendix.

Methodology

Bearing in mind the alternative model for generating and transferring agricultural tech-
nology proposed to orient priority setting in El Salvador, the objectives of efficiency and
equity were chosen. The variables associated with these objectives are shown in Table 6.

The CENTA technical staff proposed the list of products to be included in the priori-
ties for El Salvador; this list is shown in Table 6. The information on variables pertaining
to the categories of products was obtained from local secondary sources and from FAO,
for 1988 and 1989, from interviews with CENTA and CDG researchers and administra-
tors.

Table 6. EIl Salvador: Products proposed for inciusion In priority-setting for agricultural

research.
1 Com 11 Bell peppers 21 Cantaloupe 31 Hemp
2 Beans 12 Cucumbers 22 Watermelon 32 Eggs
3 Rice 13 Plantains 23 Mangoes 33 Pouitry
4 Sorghum 14 Bananas 24 Cashew 34 Cattle (beef)
5 Cabbage 15 Avocado 25 Coffee 35 Swine
6 Tomatoes 16 Coconut 26 Sugarcane 36 Cattle (dairy)
7 Potatoes 17 Pineapple 27 Cotton 37 Honey
8 Onions 18 Lemons 28 Sesame 38 Lumber
9 Leftuce 19 Oranges 29 Soybeans
10 Carrots 20 Papaya 30 Peanuts

Source: Prepared by the author.



216 priorities for agricultural research in LAC

The data for determining weighting factors for each variable were obtained from inter-
views with CENTA administrators and researchers. The weighting factors, which were
calculated as described above, are shown in Table 7. It should be noted that the people
interviewed, mostly CENTA researchers, attached the greatest importance to the vari-
ables pertaining to research potential (seriousness of problems and increase in antici-
pated yield), which together represent a weight of 22%. The variables associated with
the importance of the product totaled 25%, while those associated with equity totalled
28%.

Table 7. Quantitative and qualitative variables and weighting factors.

Variables Weighting factors*
Quantitative %
1.  Value of production 10
2. Value of international trade 5
3. Anticipated change in demand 5
4. Comparative advantage (DCR) 5
5. Research experience 6
6. Number of farmers 5
7. Level of self-consumption 5
8. Calories provided in average daily diet 4
9. Proteins provided in average daily diet 5
Qualitative

10. Seriousness of problems to be solved through research 1"
11. Private-sector incentives 6
12. Current research emphasis 8
13. Use of and savings in resources 9
14. Information flows to and from intemational centers 5
15. Research potential (anticipated increase in yields) 1

*  As rounded figures are used, the total will not necessarily be 100%.

Results

As shown in Table 8, staple grains (comn, beans, rice, and sorghum) are ranked in the
first four places, and export commodities (coffee and sugarcane) and beef and dairy cat-
tle are in the highest priority group.

In general terms, the priority established for the 38 products supports the proposal put
forth by AID-MAG-IICA (1990:12, 13), which stated that priority should be given to staple
grains and dual-purpose cattle growing, as well as to specialized milk production; veg-
etables and fruits represent the second level of priority.
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Evidently, some of the priorities established will depend on the weighting factors that
are obtained. Thus, scores for staple grains were always quite high with almost every
variable, and are expected to remain in the first priority group, independently of whatev-
er the weighting factors might be.

Table 8. El Salvador: Research priorities.

Priority Product Score
1. Com 35.50
2. Beans 34.41
3. Rice 33.30
4, Sorghum 32.35
5. Coffee 30.75
6. Sugarcane 29.09
7. Milk 28.82
8. Cattle (beef) 28.38
9. Tomatoes 28.24
10. Bananas 27.94
1. Papaya 27.41
12. Poultry 27.33
13. Swine 2717
14. Plantains 27.11
15. Lumber 27.02
16. Honey 26.52
17. Potatoes 26.17
18. Eggs 26.04
19. Coconut 25.75
20. Pineapple 25.05
21. Oranges 24.92
22. Lemon 24.39
23. Avocado 24.05
24. Cantaloupe 23.87
25. Cabbage 23.85
26. Onions 23.57
27. Watermelon 23.15
28. Carrots 22.81
29. Sesame 22.81
30. Peppers 22.42
31. Soybeans 22.42
32. Cucumbers 22.14
33. Mangoes 20.09
34. Peanuts 20.00
35. Cotton 19.83
36. Lettuce 19.31
37. Cashew 14.24
38. Hemp 07.56

Source: Prepared by the author.
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AGRICULTURAL RESEARCH PRIORITIES
IN GUATEMALA

Context

In Guatemala, ARPs were identified during 1991, when the sphere of action of the
public-sector NRTTS with respect to the private sector was being redefined and special
attention was being given to determining which categories of production and which disci-
plines should be researched.

In Guatemala, the main public institution of the NARS is the Instituto de Ciencias y
Tecnologia Agricolas (Institute of Agricultural Science and Technology—ICTA), a unit of
the Ministry of Agriculture, Livestock, and Food (MAGA). This ministry has two agricul-
tural extension services: the Direccion General de Servicios Agricolas (General
Directorate of Agricultural Services-DIGESA) and the Direccion General de Servicios
Pecuarios (General Directorate of Livestock Services-DIGESEPE).

In addition, the Gremial de Exportadores de Productos No Tradicionales (Association
of Exporters of Nontraditional Products—-GEXPRONT) is a significant promoter of the pri-
vate-sector NARS, which channels offers of technical assistance such as those of the
Proyecto de Apoyo Tecnoldgico para las Industrias de Exportaciéon (Project on
Technological Support for Export Industries-PROEXAG) and other agencies. PROEX-
AG is a Central American project based in Guatemala that provides technical assistance
in connection with production, postharvest, marketing, and transport, and also supports
research on the adaptation of technologies (Kaimowitz 1992).

In that context, it was pertinent for ICTA to be able to establish research priorities by
product categories, inasmuch as this would provide useful information in determining
which categories should be emphasized or maintained in research programs, in order to
achieve previously established objectives. This information was very useful at a time
when public-sector activities of the NARS were undergoing revision and adjustment.

Methodology
The MAGA document on agricultural policy sets forth the following general objective:

To structure the bases for economic reactivation and sustained development of agricul-
tural production . . . in an atmosphere of peace and tranquility, supporting entrepreneur-
ial management processes, technology generation and transfer, funding for the agricul-
ture sector[,] . . . modernizing public management and development production systems
that are compatible with conservation . . . of natural resources.” (MAGA 1991)

The list of products to be ranked for priority, proposed by ICTA technicians, is shown
in Table 8. The information on quantitative variables was obtained, for 1989 and 1990,
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from local secondary sources and FAO yearbooks. In general, very little information was
available from secondary sources. Information on some variables was verified through
interviews with officials of ICTA, the IICA office in Guatemala and the Nutrition Institute of
Central America and Panama (INCAP).

The weighting factors for the variables considered are shown in Table 9. These were

determined by averaging the weighting factors assigned by ICTA researchers and
administrators.

Table 9. Guatemala: Products proposed as priorities for agricultural research.

1 Com 12 Tomatoes 23 Papaya 34 Plantains

2 Beans 13 Lettuce 24 Apples 35 Tobacco

3 Rice 14 Onions 25 Pears 36 Cacao

4 Sorghum 15 Asparagus 26 Peaches 37 Coffee

5 Wheat : 16 Carrots 27 Cashew 38 Sugar cane
6 Sesame 17 Cauliflower 28 Grapes 39 Cotton

7 Soybeans 18 Cucumbers 29 Citrusfruits 40 Lemon tea
8 Okra 19 Sweet potatoes 30 Mangoes - 41 Citronella

9 Potatoes 20 Bell peppers 31 Peanuts 42 Dual-purpose
10 Broccoli 21 Wate rmelon 32 Cardamom cattie

11 Cabbage 22 Cant aloupe 33 Bananas 43 Forestry products

Source: Prepared by the author.

Results

The ARPs were identified according to the procedure described in chapter 2. These
are shown in Table 10, in the first column under the heading “Current priority.”

The top ten priorities were assigned to traditional export commodities (coffee,
bananas, and sugarcane) and products that constitute staple foods for the Guatemalan
population, such as basic grains.

In setting agricultural research priorities for Guatemala, the objectives of economic
efficiency and equity were considered. The variables associated with those objectives are
described in Table 9.

In Table 10, the figures in the third column, under the heading “Implicit priority,” indi-
cate the importance attached to each product in terms of resources assigned to research.
Implicit priority was estimated by using as a proxy variable the humber of researcher-
years devoted to it over the past five years. This variable may also be taken as a proxy
for the supply of technology in the corresponding product. The last column in Table 10
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Table 10. Weighting factors and quantitative and quaiitative variables.

Variables Weighting
factors*

Quantitative %

1.  Value of production 10
2. Value of international trade 8
3. Anticipated change in demand 4

4. Comparative advantage (DCR) 7
5. Research experience 3
6. Number of farmers 8

7. Level of self-consumption 3

8. Calories provided in average daily diet 3

9. Proteins provided in average daily diet 3
Qualitative

10. Seriousness of problems to be solved through research 12
11. Private-sector incentives 6
12. Current research emphasis 7
13. Use of and savings in resources (manpower) 9
14. Information flows to and from intemational centers 6
15. Research potential (anticipated increase in yields) 11

*  The sum of weighting factors is not 100%, as rounded figures are used.

Source: Prepared by the author.

shows the categories for which the current priority is higher than the implicit priority. The
priorities identified in the first column show a bias toward demand for technology, and
most of the variables that determine them remained fixed over the short term (Fig. 1).
Implicit priorities, on the other hand, represent the supply of technology. The last column
shows those categories for which there is an excess of demand for technology, and on
which research efforts should be increased.

By dividing the categories in Table 10 into groups of 11 products, four groups are
obtained: those to which very high priority is assigned (1-11), which are traditional export
commodities and staple food products; those having high priority (12-22), basically veg-
etables; those with medium priority 23-33); and those with very low priority (34-43).

Evidently, the priority ranking shown in Table 10 is mostly based on the values of the
weighting factors obtained from surveys. In this case, the respondents stressed the vari-
ables pertaining to economic efficiency, 74% all together (the weighting factors of the
variables relating to the importance of the product totaled 29%), more than the variables
pertaining to equity, which totaled 26%.
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Table 11. Guatemala: Agricultural research priorities by product.

Current Implicit ~ Categories whose priority increases
priority Product priority* Score with respect to implicit priority
1. Coftee 1. 37.97
2. Bananas 14. 37.06 +
3. Tomatoes 15. 36.74 +
4, Potatoes 7. 36.29 +
5. Sugarcane 22. 36.20 +
6. Dual-purpose livestock 5. 35.96
7. Wheat 4. 35.56
8. Com 3. 35.43
9. Beans 1. 34.53
10. Cardamom 33. 34.44 +
1. Cotton 10. 33.97
12, Carrots 27. 33.87 +
13. Cabbage 18. 33.77 +
14. Broccoli 18. 33.70 +
15. Cauliflower 27. 33.44 +
16. Rice 8. 33.16
17. Bell peppers 41. 32.94 +
18. - Onions 18. 32.93
19. Cucumbers 27. 32.80 +
20. Asparagus 42. 32.26 +
21. Forestry products 33. 32.18 +
22, Plantains 33. 32.02 +
23. Citrus fruits 16. '31.95
24, Tobacco ' 6. 31.83
25, Sweet potatoes 42, 31.71 +
26. Apples 10. 31.61
27. Lettuce 18. 31.39
28. *  Peaches 16. 30.63
29, Cantaloupe 27. 29.84
30. Pears 10. 29.71
31. Sorghum 9. 29.56
32. Cacao 10. \ 26.90
33. Citronella 33. 26.49
34. Watermelon 40. 26.43 +
35. . Mangoes - 32 26.30
36. Lemon tea 22. 26.05
37. Papaya 33. 26.02
38. Okra 27. 25.30
39. Cashew 33. 24.88
40. Peanuts 33. 24.60
41, Sesame 22, 22.44
42. Grapes 22, 22.29
43. Soybeans 22, 19.77

*  Implicit priority indicates the order in terms of researcher-years assigned to each product over ihe
past five years.

Source: Prepared by the author.
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It is expected that if the weighting factors of the variables pertaining to equity are
increased, but those pertaining to the other variables are reduced in order to keep the
sum of all weighting factors equal to 100%, the priorities of staple grains (particularly
corn, beans, and wheat) would increase, inasmuch as they are ranked at the top of the
list of variables pertaining to equity.

AGRICULTURAL RESEARCH PRIORITIES
IN HONDURAS

Context

In Honduras, the ARPs were identified during 1992, at a time when the spheres of
action of the public and private sectors were being redefined.

Structure of the Honduran NARS (1992)

The Honduran NARS covers all the national institutions that generate agricultural
technology. In the public-sector NARS, the following institutions generate final-product
technology: the Direcciébn de Investigacion Agricola (Directorate of Agricultural
Research-DIA), the Direccién de Investigacion Pecuaria (Directorate of Livestock
Research-DIP) and the Centro Universitario Regional del Litoral Atldntico (Regional
University Center of the Atlantic Coast-CURLA). These institutions focus their efforts on
staple grains, vegetables, oilseeds, and certain animal products. The main clients for
these public institutions are small- and medium-scale farmers (SRN 1991).

The main private agricultural research institutions are the Fundacién Hondurefia de
Investigacion Agricola (Honduran Agricultural Research Foundation), the Escuela
Agricola Panamericana El Zamorano (EI Zamorano Pan American School of
Agriculture—EAP), the banana growers, sugar mills, tobacco manufacturing companies,
and the Instituto Hondurefo del Café (Honduran Coffee Institute—~IHCAFE).

The Honduran Agricultural Research Foundation (FHIA) focuses its work on tradi-
tional export (e.g., bananas) and nontraditional (e.g., plantains) commodities. Its main
clients are large-scale producers of export crops. The El Zamorano school conducts
research as a supplement to its educational program in the area of livestock, seed pro-
duction, vegetables, sorghum, and beans. The banana, sugar, and tobacco companies
are conducting research on their specific products. The research findings are applied by
these companies and by the producers who have production contracts with them. Finally,
IHCAFE conducts studies mostly on coffee and other diversification crops, such as
cacao, macadamia, cardamom, and pepper. Its main clients are the coffee producers
(SRN 1991).

As in the case of Costa Rica, within the NARS the sector that generates final-product
technology is diversified and monopolistic, in the sense that many institutions are con-
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ducting research on different crops, in different categories, almost none of which is being
studied by more than two institutions. In this regard, there is a linkage between the prod-
uct and the institutions.

In addition, whereas the public institutions, such as the Secretariat of Natural
Resources (SRN), are conducting research on products associated with the basic diet
(usually those having a low-demand elasticity with respect to income), which produces
innovations which, when adopted, tend to benefit consumers more than producers, the
opposite is true with the private institutions (such as FHIA), since they are researching
exports products that usually have a relatively high income elasticity of demand, and its
innovations, when adopted, benefit producers more than consumers (Medina Castro
1991a).

Reasons for Setting Priorities in Honduras

Given the fact that in 1992 Honduran institutions concemed with the generation of
technology were closely linked with specific categories of products, an exercise in setting
priorities for agricultural research by product would also implicitly involve setting priorities
for research institutions, at least for the short term, until the institutions changed their own
research focus.

Bearing in mind certain specific objectives and the relative emphasis placed on each
one, the exercise would also indicate the ARPs of the NARS as a whole. This in turn
would provide useful information for analyzing the rationale behind the allocation of
resources between and within institutions in order to attain the objectives.

This .is very useful during a stage of restructuring of the state apparatus, when (a)
decisions are being made as to which of the agricultural research activities being carried
out by the public sector in Honduras should be continued and which should be absorbed
by the private sector; and (b) a public agency is being created which, in agreement with
private entities and producers, would coordinate technology generation and transfer
activities for the Honduran NARS.

At the present time (1992), in fact, the SRN has created the Direccién de Ciencia y
Tecnologia Agropecuaria (Directorate of Agricultural Science and Technology-DICTA),
one of the purposes of which is to “rationalize technology generation and transfer ser-
vices” in cooperation with the private sector (Ley para la Modernizacion y el Desarrollo
del Sector Agropecuario 1992:art.36). The SRN is also responsible for establishing pri-
orities for agricultural technology generation and transfer services in coordination with
other public institutions and producers (Ley para la Modemizacién y el Desarrollo del
Sector Agropecuario 1992:art.38).

Thus, if there is a flexible methodology covering several objectives that are all aimed
at improving the well-being of society as a whole, the importance of certain agricultural
products within the overall framework of the NARS could be envisaged.
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For example, if emphasis were placed on objectives that were closely related with
food security, it is likely that in establishing the ARPs by agricultural product, research on
staple foods would be important and, consequently, in terms of technology generation, so
would the entities that carry out research on those foods. [f the emphasis were on gen-
erating foreign exchange, export products would probably be significant and so would
agricultural research along those lines.

Methodology

The list of products included in the priority-setting exercise is shown in Table 12. The
information on quantitative variables was valid for 1990 and 1991. In general, there was
not enough information from secondary sources, and for some products, the data on
value of production, international trade, and number of farmers had to be supplemented
or estimated. The DCR coefficient, used in connection with comparative advantage, was
estimated with the help of economists from the IICA office in Honduras.

Table 12. Honduras: Products proposed as priorities for agricultural research.

1. Com 13. Onions 25. Peanuts 37. Plantains

2. Beans 14. Tomatoes 26. Passion fruit 38. Cashew

3. Rice 15. Pumpkin 27. Tamarind 39. Coconut

4. Sorghum 16. Cabbage 28. Citrus fruits 40. Mangoes

5. Soy beans 17. Carrots 29. Grapes 41. Pouitry

6. Sesame 18. Chile 30. Avocado 42. Swine

7. Cotton 19. Cucumber 31. Apples 43. Dual-purpose
8. Coffee 20. Lettuce 32. Pineapple cattle

9. Cacao 21. Potatoes 33. Peaches 44. Goats

10. Bananas 22. Beets 34. Papaya 45. Forestry products
11. Sugarcane 23. Cassava 35. Cantalou pe

12. African palm 24. Garlic 36. Watermelon

Source: Prepared by the author.

Bearing in mind an economic development pattern that allows for production to be
increased in a context of social justice and preserving the natural resource base, agri-
cultural research priorities were identified bearing in mind the following three objectives:
efficiency, equity, and sustainability. The variables associated with those objectives in
Honduras are shown in Table 12.

As in the cases of Costa Rica and Panama, three scenarios were considered in deter-
mining the weighting factors described in formula 1. These scenarios are also shown in
Table 13.
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The weighting factors for the first scenario were determined through interviews with
researchers and administrators concemed with agricultural research. The values for sce-
narios 2 and 3 were determined “arbitrarily.” In scenario 2, greater significance was
attached to variables pertaining to equity, in order to determine how they change priori-
ties when research policy stresses the equity objective through the impact in terms of dis-
tribution. In scenario 3, greater emphasis 'was placed on economic efficiency, especially
those factors pertaining to the importance of the product.

Table 13. Quantitative and qualitative variables considered in setting priorities for cate-
gories of agricultural production in Honduras.

Variables Scenario 1 Scenario 2 Scenario 3

Weighting factors  Emphasis on equity: Emphasis on
obtalned from associated weighting efficiency: associated

interviews factors total 67% weighting factors
total 67%
(weighting factors)  (weighting factors) (weighting factors)*

Quantitative % % %
1. Value of production 6 3 172
2. Value of international trade 4 3 172
3. Anticipated change in demand 8 3 172
4. Comparative advantage (DCR) 3 3 172
5. Research experience 7 3 3
6. Number of farmers 1 1m 3
7. Level of self-consumption 6 i 3
8. Calories provided in average

daily diet 2 m 3
9. Proteins provided in average

daily diet 1 i 3
Qualitative
10. Seriousness of problems to be

solved through research 12 3 3
11. Private sector incentives 4 3 3
12. Technologies not harmful to

environment 9 3 3
13. Impact on employment 6 3t 3
14. Information flows to and from

international centers 6 3 3
15. Research potential (anticipated

increase in yields) 15 3 3

*  The sum of weighting factors is not 100% because rounded figures are used.

1. Variables associated with the equity objective.
2. Variables associated with economic |mportance of the product.

Source: Prepared by the author.
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Results

The results obtained are shown in Tables 14 and 15. The following analysis is not
exhaustive. The 45 products were divided into four groups, one comprising 12 products
and three comprising 11 products each, in the following order of priority: very high, high,
medium, and low. '

Scenario 1

The “very high” priority group (1-12) includes traditional export commodities (bananas,
coffee, and beef cattle) and products that are important in the diet of the population of
Honduras (corn, beans, rice, dairy and beef cattle, plantains, and potatoes). The lowest
priority group is made up mainly of fruits and some vegetables.

In comparing this exercise with the one on Costa Rica, it is interesting to note that in this
scenario, soybeans are included in the highest priority group (partly because during the
1990-91 period, soybean imports were among the largest in volume and the demand is
expect to increase considerably in future). In Costa Rica, in any scenario, soybeans are
in the lowest priority group.

Scenario 2

When the weighting factors for scenario 1 are biased toward variables associated with
equity, almost all the products that play a significant role in the basic food basket are
included in the highest priority group. Indeed, this group includes the main staple grains
(com, beans, and rice), meat (beef, poultry, and pork), eggs (poultry), flours (banana,
plantain, potato, and cassava) and cow milk.

Scenario 3

When the weighting factors are changed to emphasize the economic efficiency objec-
tive in terms of the importance of the product (except for forestry products), traditional
export commodities (bananas, coffee, beef, and sugarcane) are included in the highest
priority group. This group also includes the main nontraditional export commodities such
as pineapple, cantaloupe, cacao, citrus fruits, and plantains. Soybeans are included
because of their significance as an import product during 1990 and 1991.

A comparison of the results of scenarios 2 and 3 with respect to staple grains shows
that in scenario 3, they move into the second priority group (13-23). Basically, this is due
to the fact that these products do not have significant comparative advantages and they
are not important in international trade (i.e., during 1990-91).

In all three scenarios, the highest priority groups include bananas, cattle, plantains,
and potatoes. Among other things, this can be explained by the following: (a) they are
important in the diet of the Honduran population, (b) they are important exports, or (c), as
in the case of potatoes, they are significant because of the number of farmers producing
them and because of the level of self-consumption.
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Table 14. Honduras: Research priorities under scenarios 1 and 2.
Scenario 1 Scenario 2 (emphasis on equity)

Priority Product Score Priority Product Score
1. Bananas 40.59 1 Com 41.25
2. Coffee 40.56 2 Beans 40.45
3. Com 40.28 3 Cattle (dual purpose)  40.01
4, Cattle (dual purpose)  40.00 4, Rice 38.95
5. Plantains 39.82 5. Potatoes 38.31
6. Potatoes 39.61 6 Plantains 37.93
7. Beans 39.34 7 Bananas 36.00
8. Tomatoes 38.26 8 Swine 34.80
9. Rice 38.16 9. Pouitry 34.79
10. Mangoes 37.63 10. Citrus fruits 34.16
1. Soybeans . 37.17 1. Pineapple 33.97
12. Cacao 36.90 12. Cassava 33.51
13. Citrus fruits 36.83 13. Mangoes 32.95
14, Poultry 35.92 14. Watermelon 32.73
15. Cantaloupe 35.76 15. Coffee 32.14
16. Watermelon 35.61 16. Tomatoes 31.44
17. Pineapple 35.33 17. Cantaloupe 30.91
18. Sorghum 34.12 18. Avocado 29.31
19. Cabbage 33.97 19. Cabbage 28.94
20. Swine 33.30 20. Sorghum 28.52
21. Garlic 32.95 21. Cacao 28.12
22. Goats 32.94 22, Tamarind 27.70
23. Avocado 32.36 23. Cashew 27.55
24, Cassava 31.78 24. Onions 27.52
25. Sugarcane 31.68 25. Sugarcane 27.49
26. Forestry products 3142 26. Soybeans 27.39
27. : Grapes 31.03 27. Carrots 26.51
28. Onions 30.89 28. African palm 26.13
29. Pumpkin 30.80 29. Pumpkin 25.18
30. Sesame 30.28 30. Coconut 25.06
31. Chile 30.16 31. Papaya 25.06
32. Coconut 29.87 32. Cucumber 24.41
33. Cucumbers 29.86 33. Goats 24.28
M. African palm 29.70 34. Chile 23.56
35. Apples 29.38 35. Beets 22.58
36. Cashew 29.12 36. Sesame 22.42
37. Tamarind 28.30 37. Lettuce 21.94
38. Cotton 27.19 38. Garlic 21.45
39. Carrots 27.08 39. Peaches 21.16
40. Peaches 26.76 40. Grapes 20.52
41. Beets 26.29 41, Apples ’ 19.68
42, Lettuce 25.60 42. Forestry products 19.55
43. Papaya 25.07 43. Peanuts 17.94
44. Peanuts 24.24 44, Passion fruit 17.61
45. Passion fruit 23.77 45. Cotton 14.93

Source: Prepared by the author.
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Table 15. Honduras: Research priorities under scenarios 1 and 3.

Scenarios 1 Scenarios 3 (emphasis on economic
importance of product)

Priority Product Score Priority Product

1. Bananas 40.59 1. Bananas 42.74
2. Coftee 40.56 2. Cattle (dual-purpose)  39.46
3. Com 40.28 3. Plantains 37.66
4. Cattle (dual-purpose)  40.00 4. Coffee 36.95
5. Plantains 39.82 5. Cacao 35.82
6. Potatoes 39.61 6. Pineapple 35.48
7. Beans 39.34 7. Poultry 35.48
8. Tomatoes 38.26 8. Citrus fruits 34.98
9. Rice 38.16 9. Cantaloupe 34.21
10. Mangoes 37.63 10. Soybeans 33.30
1. Soybeans 37.17 11. Potatoes 32.67
12. Cacao 36.90 12. Sugarcane 32.58
13. Citrus fruits 36.83 13. Watermelon 31.90
14. Poultry 35.92 14. Mangoes 31.71
15. Cantaloupe 35.76 15. Tomatoes 31.44
16. Watermelon 35.61 16. Forestry products 29.59
17. Pineapple 35.33 17. Com ’ 29.15
18. Sorghum 34.12 18. Pumpkin 28.89
19. Cabbage 33.97 19. Onions 28.62
20. Swine 33.30 20. Beans 28.49
21. Garlic 32.95 21, Rice 26.99
2. Goats 32.94 2. Coconut 26.99
23. Avocado 32.36 23. Garlic 26.95
24. Cassava 31.78 24, Cucumber 25.65
25. Sugarcane 31.68 25. African paim 25.58
26. Forestry products 31.42 26. Cabbage 25.23
27. ) Grapes 31.03 27. Cassava 25.12
28. Onions 30.89 28. Sesame 2489
29. Pumpkin 30.80 29. Swine 2462 -
30. Sesame 30.28 30. Goats 24.55
31. Chile 30.16 31. Avocado 2422
32. Coconut 29.87 32. Cashew 23.97
33 Cucumber 29.86 33. Tamarind 23.30
34. African palm 29.70 34. Sorghum 23.16
35. Apples 29.38 35. Grapes 23.13
36. Cashew 29.12 36. Chile 22.60
37 Tamarind 28.30 37. Apples 21.61
38. Cotton 27.19 38. Peaches 20.88
39. Carrots 27.08 39. Carrots 20.74
40. Peaches 26.76 40. Lettuce 18.91
41. Beets 26.29 41. Beets 18.87
42, Lettuce 25.60 42, Peanuts 18.77
43. Papaya 25.07 43. Cotton 18.50
44, Peanuts 24.24 44, Papaya 18.05
45, Passion fruit 23.77 45, Passion fruit 17.20

Source: Prepared by the author
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In all cases, the lowest priority groups (35-45) included cotton, peanuts, beets, let-
tuce, apples, peaches, and passion fruit.

AGRICULTURAL RESEARCH PRIORITIES
IN NICARAGUA

Context

In Nicaragua, the ARPs were identified during 1991, when the size of the state was
being reduced and the private sector was being encouraged to carry out economic activ-
ities in new areas. Research and extension activities were being decentralized; where-
as these activities had previously been centralized in the Direccion General de
Tecnologia Agropecuaria (DGTA) of the Ministry of Agriculture (MAG), when they were
decentralized, physical and human resources were reassigned to national commissions.

These commissions, which specialize in developing certain categories of products,
are tripartite agencies (made up of representatives of the private sector, workers, and the
government) and have considerable autonomy as regards decision making. The names
of the commissions are Comisién Nacional de Alimentos Basicos (National Commission
on Basic Foods), Comisién de Productos Tradicionales de Exportaciéon (Commission on
Traditional Export Commodities) and Comision de Productos No Tradicionales de
Exportacion (Commission on Nontraditional Export Commodities). In addition, the fol-
lowing public sector institutions were carrying out formal research programs: Centro
Nacional de Investigacion en Granos Basicos (National Center for Research on Basic
Grains—CNIGB) and Direccién de Extension Rural (Directorate of Rural Extension—-DER).

During this decentralization process, the Fondo de Desarrollo Tecnolégico
(Technology Development Fund—FDT), an agency of the Ministry of Agriculture (MAG),
was responsible for distributing among the national agricultural commissions the rev-
enues from a 2% tax on production, for research and technology transfer activities.

It is not easy to develop a model for the allocation of resources to research among
and within commissions. Some “simple” solutions have been proposed, such as the con-
sistency model (Ruttan 1982), which consists of allocating research resources to each
product directly in proportion to its contribution to total revenues from the aforementioned
tax. This type of solution, however, usually does not maximize social benefits.! The more
complex solutions, such as the application of linear programming models for allocating a
given budget among projects, are costly and require highly trained human capital
(Medina Castro 1991a). The alternative presented here as a preliminary proposal is to
organize categories of research according to predetermined objectives.

1 According to economic theory, in order to maximize social benefit, funds should be allocated in such a way as to
ensure that the marginal benefit per peso (cérdoba) invested in research is equal for each product. It is highly uniike-
ly that the consistency model would provide for this optimum allocation.
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Methodology

Based on the report entitied E/ desafio del sector agropecuario: Lineamientos para
la reactivacién (The Challenge of the Agriculture Sector: Guidelines for Reactivation),
certain research priorities by product were identified. One of the purposes was to embark
on a process of change in the economic structure of the agriculture sector that would
allow for maximum use to be made of the production potential of the country within a con-
text of economic efficiency, social equity, and sustainable use of natural resources (MAG
1990:2).

Two objectives were considered in setting priorities for agricultural research in

Nicaragua, namely, efficiency and equity. The list of products suggested by MAG officials
is shown in Table 16.

Table 16. Nicaragua: Products proposed as priorities for agricuiturai research.

1. Com 11. Chiltoma 21. Sugarcane 31. Pumpkin

2. Beans 12. Beets 22. Citrus fruits 32. Pejibaye

3. Rice 13. Cucumbers 23. Pineapple 33. Coconut

4. Sorghum 14. Chayote 24. Avocado 34. Annatto

5. Cabbage 15. Cotton 25. Papaya 35. Cassava

6. Tomatoes 16. Sesame 26. Passion fruit 36. Tiquisque

7. Gairlic 17. Soybeans 27. Mangoes 37. Plantains

8. Onions 18. Peanuts 28. Pitahaya 38. Bananas

9. Asparagus 19. Cacao 29. Cantaloupe 39. Forestry products

10. Carrots 20. Coffee 30. Watermelon 40. Dual-purpose
’ cattle

Source: Prepared by the author.

While some of the information on variables pertaining to categories of production for
1990 and 1991 was obtained from local secondary sources and FAO yearbooks, most of
it was obtained from interviews with MAG officials and officials of the national commis-
sions, the Central American University (UCA), CNIGB, and the Instituto Nicaragiiense de
Recursos Naturales (Nicaraguan Institute of Natural Resources-INRENA). These inter-
views were conducted in order to determine values for the following variables: compara-
tive advantage, number of farmers, self-consumption, calories, and proteins in the daily
diet. The weighting factors for the variables described in Table 17 were determined
through interviews with researchers and administrators in MAG and the national com-
missions.
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Table 17. Weighting factors and quantitative and qualitative variables.

Variables Weighting factors*
Quantitative %
1. Value of production 1"
2. Value of intemational trade 8
3. Anticipated change in demand 5
4. Comparative advantage (DCR) 1"
5. Number of farmers 12
6. Level of self-consumption 3
7. Calories provided in average daily diet 4
8. Proteins provided in average daily diet 5
Qualitative

9. Seriousness of problems to be solved through research 8
10. Private-sector incentives 3
11. Current research emphasis 4
12. Use of and savings in resources (manpower and land) 10
13. Information flows to and from international centers 4
14. Research potential (anticipated increase in yields) 1"

*

The sum of weighting factors is not 100%, as rounded figures are used.

Source: Prepared by the author.

Results

Two types of priorities were identified: (1) for all agricultural products considered, and
(2) for nontraditional export products. The priorities established are shown in Table 18.

In the first exercise—priorities for all categories of products—~the first ten places includ-
ed staple foods (rice, beans, corn, sugarcane, and dual-purpose cattle), traditional export
commodities (coffee and sugar) and some nontraditional export commodities (pineapple
and cacao). This ranking is consistent with the goals set forth in the report entitled E/
desaffo del sector agropecuario (MAG 1990), which suggests increasing production of
staple foods should be promoted in order to promote food security, as well as traditional
and nontraditional export commodities.

Evidently, the priorities identified depend partly on the values of the weighting factors.
In this case, the researchers and administrators interviewed placed greater emphasis on

variables pertaining to economic efficiency (65%) than on variables pertaining to equity
(34%).

A change in weighting factors would probably indicate high priority for staple foods,
inasmuch as the partial scores were high with almost all the variables.
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Table 18. Nicaragua: Research priorities.

Agricultural products

Priority Product Score
1. Bananas 40.59
2. Cattle (dual-purpose) 36.88
3. Coffee 34.34
4. Beans 33.98
5. Com 33.07
6. Rice 32.18
7. Sugarcane 31.41
8. Pineapple 30.48
9. Cotton 30.31
10. Cacao 30.18
11. Bananas 29.93
12. Sorghum 29.27
13. Plantains 29.12
14. Citrus fruits 29.01
15. Pitahaya 28.73
16. Sesame 28.20
17. Onions 27.33
18. Mangoes 27.23
19. Cantaloupe 27.08
20. Tomatoes 26.71
21. Cabbage 26.67
22. Garlic 25.71
23. Forestry products 25.70
24, ) Cassava 25.3

25. Annatto 23.82
26. Avocado 23.71
27. Tiquiste 23.20
28. Papaya 23.02
29. Chiltoma 22.53
30. Chayote 22.48
31. Passion fruit 21.58
32. Watermelon 21.54
33. Peanuts 21.44
34. Carrots 21.37
35. Pumpkin 21.18
36. Beets 21.13
37. Coconut 20.85
38. Pejibaye 20.73
39. Cucumbers 19.75
40. Soybeans 18.30
41, Asparagus 17.59

Nontraditional export commodities

Priority Product Score
1. Pineapple 23.22
2. Cacao 22.42
3. Citrus fruits 2222
4, Plantains 21.94
5. Pitahaya 21.36
6. Onions 21.11
7. Cantaloupe 20.67
8. Mangoes 20.61
9. Tomatoes 20.58
10. Cabbage 20.54
1. Garlic 19.76
12 Cassava 19.62
13. Avocado 17.73
14. Annatto 17.68
15. Chiltoma 17.65
16. Tiquisque 17.31
17. Chayote 17.28
18. Papaya 17.21
19. Watermelon 16.93
20. Pumpkin 16.70
21. Carrots 16.65
22. Beets 16.41
23. Passion fruit 16.33
24. Coconut 15.61
25. Pejibaye 15.49
26. Cucumbers 15.27
27. Asparagus 12.53

Source: Prepared by the author.
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Priorities Identified for Nontraditional Products

Table 18 shows the priorities assigned to the nontraditional export commodities. It
should be noted that the order of importance changes as the list of products to be ranked
is changed. Thus, priorities for nontraditional products, when included along with all other
categories of products, are not necessarily the same as those obtained with nontradi-
tional products are considered separately. In the overall ranking, for example, plantains
have higher priority than citrus fruits; this order is reversed, however, when only nontra-
ditional products are considered.

AGRICULTURAL RESEARCH PRIORITIES
IN PANAMA

Context

Within the NARS in Panama, which includes both public and private institutions con-
cerned with agricultural research, two institutions are engaged in generating final-product
technology: the Instituto de Investigacion Agropecuaria de Panama (Panamanian
Agricultural Research Institute—~IDIAP) and the Facultad de Ciencias Agronémicas
(Faculty of Agronomic Sciences—-FACA) of the University of Panama. Thus, research is
concentrated in two institutions, while resources are scarce. This, coupled with the rich
biological diversity of the country, means that only a few products, from a wide range, can
be chosen for research purposes (Cuéllar 1990).

Given the public nature of both institutions, research resources must be assigned with
a view to maximizing social benefit. Hence, a number of different agricultural products
have been ranked in order to provide useful information for the allocation of resources,
so that research can be conducted in accordance with Panama’s agricultural policy. In
addition, this priority-setting exercise may be the first step in improving the allocation of
research resources among specific categories of products.

Methodology

The list of products for which priorities were established in shown in Table 19.

The general objectives of agricultural policy established by the Panamanian Ministry
of Agricultural Development (MIDA 1991) are the following:

— To contribute toward raising living standards in general.
— To promote comprehensive development of farmers and their families.
— To reactivate the economy of the agriculture sector.

" In line with this policy, three objectives were considered in setting priorities for agri-
cultural production in Panama: efficiency, equity, and sustainability. The variables asso-
ciated with these objectives are shown in Table 20.
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Table 19. Panama: Products proposed as priorities for agricultural research.

1. Rice 12. Sugarcane 22. Coffee 33. Beef cattle

2. Comn 13. Onions 23. Bananas 34. Dairy cattle

3. Sorghum 14. Lettuce 24. Plantains 35. Swine

4. Beans (Frijol) 15. Pimentén 25. Coconut fruit 36. Chickens (meat)
5. Beans (Porotos) 16. Cabbage 26. Oranges 37. Chickens (eggs)
6. Soy beans 17. Tomatoes (table) 27. Cacao 38. Beets

7. Guandu 18. Tomatoes 28. Avocado 39. Chayote

8. Cassava (industrial) 29. Papaya 40. Garlic

9. Name 19. Carrots 30. Pineapple

10. Potatoes 20. Cucumbers 31. Citrus fruits

11. Otoe 21. Watermelon 32. Mangoes

Source: Prepared by the author.

With regard to the weighting factors for the variables considered, in the case of
Panama, three scenarios were envisaged, as shown in Table 20. In scenario 1, the
weighting factors were obtained through interviews with administrators and researchers.
The weighting factors for scenario 2 were chosen with a view to ascertaining how priori-
ties change when the research policy stresses the equity objectives; in scenario 3, the
emphasis was on economic efficiency.

Results

The results of the exercise are shown in Tables 21 and 22. The following analysis is
not exhaustive. The 41 products were divided into four groups: one group with 11 prod-
ucts and three with 10 products each, according to the following order of priority: very
high, high, medium, and low.

Scenario 1

The highest priority group (1-11) included traditional export commodities (beef cattle,
bananas, and sugarcane) and products that are significant in the diet of the Panamanian
population (milk, chicken, plantains, beef, sugarcane, and fiame). Rice, which is the main
staple in Panama, was not ranked high in priority for research purposes. The lowest pri-
ority group is mainly made up of vegetables.

A comparison between this exercise and the priority-setting exercise in other coun-
tries, such as El Salvador, shows that in Panama, rice and beans are assigned lower pri-’
ority, whereas in El Salvador, staple grains (com, beans, rice, and sorghum) are ranked
in the first four places.
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Table 20. Panama: Quantitative aﬁd qualitative variables considered in setting priorities

for categories of agricultural production.

Variables : SCENARIO 1 SCENARIO 2

SCENARIO 3

Weighting factors  Emphasis on equity:

Emphasis on

obtained through - weighting total 70% efficiency: weighting

interviewe factors associated
with importance of
theproduct total 6%
(weighting factors)  (weighting factors)  (weighting factors)*
Quantitative
1. Value of production 9 3 142
2. . Value of intemational trade 5 3 142
3. Anticipated change in demand 4 3 142
4. Comparative advantage (DCR) 9 3 142
5. Research experience 6 3 4
6. Number of farmers 8 14 4
7. Level of self-consumption 6 14 4
8. Calories provided in average
daily diet 4 14 4
9. Proteins provided in average
daily diet 3 14 4
Qualitative
10. Seriousness of problems to be
solved through research 10 3 4
11. Private sector incentives 5 3 4
12. Technologies not harmful to
- environment i 9 3 4
13. Impact on employment 9 14 4
14. Information flows to and from
intemational centers 4 3 4
15. Research potential (anticipated
increase in yields) 9 3 4

*  The sum of weighting factors is not 100% because rounded figures are used.

1. Variables associated with the equity objective.
2. Variables associated with economic importance of the product.

Source: Prepared by the author.
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Table 21. Panama: Research priorities under scenarios 1 and 2.

Scenarios 1 - Scenarios 2 (emphasis on equity)
Priority Product Scote ... . Priority Product Score
1. Plantains 34.55 1. Cattle (dairy) 34.77
2. Cattle (beef) - 33.01 2. Plantains 34.30 .
3. Cassava 32.45 3. Cattle (beef) 33.28
4, Coffee 31.89 o A Cassava 32.92
5. Name ' 31.47 5. Com 32.33
6. Sugarcane 30.84 6. Rice 32.27
7. Chicken (meat) 30.55 7. Chicken (meat) 31.88
8. Cattle (dairy) 30.27 8. Bananas 31.63
9. Bananas - 30.05 9. . Name 31.30
10. Tomatoes (indust.) 8.49 10. Sugarcane 31.04
1. Paprika 28.46 1. Beans (porotos) 29.51
12. Onions 28.41 12. Chicken (eggs) 29.12
13. Coconut 28.37 13. Beans (frijol) ' 28.86
14, Oranges 28.00 14, Coffee 28.62
15. Papaya 27.65 - 18. Coconut 28.21
16. Otoe 27.29 16. Swine 28.06
17. Com 27.15 17. Otoe 26.70 .
18. Mangoes 26.92 18. Oranges 26.54
19. Lettuce 26.91 19. - Mangoes 25.33
20. Rice 26.67 20. Onions 24.74
21. Chicken (eggs) 26.63 21. Avocado 24.41
22. Cantaloupe 26.55 22. Guandu 24.16
23. Tomatoes (table) 26.48 23. Cacao 24.14
24. Avocado 26.45 24, Pineapple 23.90
25. Swine 26.38 25. Paprika 22.88
26. Beans (porotos) 26.02 26. Citrus fruits - 22.43
27. Beans (frijol) 25.94 27. - Papaya 22.35
28. Pineapple 25.34 28. Tomatoes (industrial) 22.20
29. Cacao 25.09 29. Potatoes 22.10
30. Citrus fruits 24.75 30. Lettuce 21.37
31. Garlic 24.61 31. _Tomatoes (table) 21.21
32. Cabbage 24.59 32. Watermelon 19.44
33. Watermelon 24.56 33. Cucumbers 18.56
34, Cucumbers 2424 34. Soybeans 18.54
35. Carrots 23.56 35. Garlic 18.43
36. Potatoes 2293 - 36. . Cabbage 18.41
37. Beets 121,94 37. ‘Cantaloupe 18.05
38. Guandu 21.75 38. Carrots 17.30
39. Chayote 21.48 39. Sorghum 17.18
40. Sorghum 20.54 40. Beets 16.29
41, Soybeans 17.87 41. Chayote 15.87

Source: Prepared by the author.
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Table 22. Panama: Research priorities under scenarios 1 and 3.
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Scenarios 3 (emphasis on economic

Scenarios 1
Priority Product Score
1. Plantains 34.55
2. Cattle (beef) 33.01
3. Cassava 32.45
4. Coffee 31.89
5. Name 31.47
6. Sugarcane 30.84
7. Chicken (meat) 30.55
8. Cattle (dairy) 30.27
9, Bananas 30.05
10. Tomatoes (indust.) 28.49
1. Paprika 28.46
12. Onions 28.41
13. Coconut 28.37
14. Oranges 28.00
15. Papaya 27.65
16. Otoe 27.29
17. Corn 27.15
18. Mangoes 26.92
19. Lettuce 26.91
20. Rice 26.67
21, Chicken (eggs) 26.63
22. Cantaloupe 26.55
23. Tomatoes (table) 26.48
24, Avocado 26.45
25. Swine 26.38
26. Beans (porotos) 26.02
27. Beans (frijol) 25.94
28. Pineapple 25.34
29. Cacao 25.09
30. Citrus fruits 24.75
31. Garlic 24.61
32. Cabbage 24.59
33. Watermelon 24.56
34, Cucumbers 24.24
35. Carrots 23.56
386. Potatoes 22.93
37. Beets 21.94
38. Guandu 21.75
39. Chayote 21.48
40. Sorghum 20.54
41, Soybeans 17.87

significance of product)
Priority Product Score
1. Cattle (dairy) 33.54
2. Plantains 33.16
3. Bananas 32.66
4, Coffee 31.20
5. Sugarcane 30.66
6. Cattle (dairy) 30.18
7. Chicken (meat) 30.12
8. Coconut 28.92
9. Name 28.92
10. Beans (frijol) 27.42
1. Tomatoes (industrial)  27.40
12. Beans (porotos) 26.26
13. Cantaloupe 26.02
14. Paprika 25.68
15. Com 25.54
16. Onions 25.46
17. Papaya 25.42
18. Chicken (eggs) 25.40
19. Lettuce 25.34
20. Cassava 25.32
21. Oranges 24.62
22 Cabbage 23.98
23. Rice 23.82
24, Garlic 23.80
25. Swine 23.76
26. Potatoes 23.70
27. Pineapple 22.26
28. Sorghum 21.78
29. Tomatoes (table) 21.74
30. Otoe 21.66
31. Watermelon 21.44
32. Avocado 21.40
33. Guandu 21.28
34. Cacao 21.18
35. Beets 20.92
36. Carrots 20.44
37. Cucumbers 20.40
38. Mangoes 20.20
39. Soybeans 19.00
40. Citrus fruits 18.32
41. Chayote 17.12

Source: Prepared by the author.



238 priorities for agricuttural research in LAC

Scenario 2

As expected, when the weighting factors used in scenario 1 were biased toward vari-
ables associated with equity, almost all the products in the basic food basket (low-
demand elasticity according to income) were included in the highest priority group. Beans
also ranked higher than under scenario 1.

Scenario 3

When the weighting factors were changed to emphasize the economic efficiency
objective in terms of the importance of the product, all the traditional export commodities
(bananas, sugarcane, coffee, and beef cattle) were included in the highest priority group;
coconut, which is one of the nontraditional export commodities, is also included in this
group. Cantaloupe, which in 1990 was the main nontraditional export product, increased
in priority in scenario 3 with respect to scenario 1.

In all three scenarios, the highest priority groups include plantains, bananas, beef cat-
tle, dairy cattle, chicken meat, sugarcane, and fiame. This resuilt is probably due, inter
alia, to the following: (a) these products are significant in the diet of the Panamanian pop-
ulation, (b) they are important export commodities, or (c) they have a high production
value, as in the case of chicken meat. This latter result is compatible with a priority-set-
ting exercise carried out by IDIAP in 1988, which showed these 7 products among the 11
highest places in a list of 25 products (IDIAP 1988)

GENERAL CONSIDERATIONS

Prloritic_as in the Central American Countries

Although the priority-setting exercises were carried out at different times (1990-92) in
the different Central American countries, a comparison of priorities among the countries
under the different scenarios shows a pattern throughout the region as regards those
products to which high priority is assigned for research purposes. This pattern might or
might not be confirmed if priority-setting exercises were to be conducted simultaneously
in all the Central American countries, using the same variables and weighting factors.

~ Nevertheless, a look at the categories that fell within the first ten places in all the
countries (Table 23) gives rise to the following observations:

— Traditional export commodities (coffee, beef and dairy cattle, bananas, and sugar-
cane) are ranked in the first ten places in every country, except for sugarcane in
Honduras.

— Basic grains, especially rice, corn, and beans, have very high priority in four Central
American countries (Guatemala, El Salvador, Honduras, and Nicaragua), where they
are the main source of calories and proteins for the population (Caceres and Murillo
1991).
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— Tomatoes, plantains, and potatoes are among the products that have highest priority
in the region. Roots and tubers are important in Costa Rica and Panama.

— In Costa Rica, high priority is assigned to nontraditional export commodities (oranges,
plantains, cantaloupe, and roots and tubers). In El Salvador, nontraditional export
products were not considered to have priority for research purposes.

Reallocation of Resources toward
the Priorities Identified

It is not always profitable over the short term to reallocate resources toward the pri-
orities identified. Cumulative research experience with a given product or discipline is the
result of investments that to some extent are irreversible, inasmuch as they represent
sunken costs that cannot be completely recovered (Pindyck 1991). Moreover, it takes a
considerable investment in human (training, generation of know-how) and physical
resources to mobilize resources for a specific product or discipline. The cost of mobiliz-
ing resources between products or disciplines depends on the relationship between
them, as regards know-how and the types and amounts of resources to be mobilized. In
this regard, it is not always feasible to implement the priorities identified over the short
term.

In the case of Guatemala, for example (Table 11), sugarcane was ranked fifth, but the
human resources (in terms of researcher-years) devoted to that product are in twenty-
second place. By contrast, cabbage was assigned thirteenth place, but in terms of
researcher-years, it ranks eighteenth. Thus, ceteris paribus, it would be less costly over
the same pericd to increase the human resources devoted to research on cabbage, that
is, to go from eighteenth place to thirteenth place, than it would be to increase resources
for sugarcane, which requires moving from twenty-second to fifth place.

Similarly, whether or not it is feasible to implement the research priorities (by product)
identified in the Central American countries will depend on the priority that has tradition-
ally been given to the categories in question, in terms of the research resources devoted
to them. Over the short term, it would probably be easier and less costly to use the exist-
ing structure to increase resources for research on the traditional export products and
staple grains, than it would be to increase research on new, nontraditional export prod-
ucts, such as oranges in Costa Rica and pineapple in Nicaragua.

Evidently, over the medium and long terms, and depending on the international eco-
nomic context and the development style considered, it could be more profitable to mobi-
lize research resources toward nontraditional export products than it would to maintain
the existing ratio between resources devoted to research on traditional products, nontra-
ditional export products, and staple foods.
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Table 23. Central America: Agricultural research priorities by product.

Priority Costa Rica El Salvador Guatemala Honduras Nicaragua Panama

1. Bananas Com Coffee Bananas Bananas Plantain

2. Oranges Beans Bananas Coffee Coffee Beef cattle

3. Cantaloupe Rice Tomatoes Com Beans Cassava

4. Plantains Sorghum Potatoes Dual-p. cattle Com Coffee

5. Cattle (beef) Coffee Sugarcane Plantaing Rice Yam

6. Cattle (dairy) Sugarcane Dual-p. cattle Potatoes Sugarcane Sugarcane’
7. Coffee Cattle (dairy) Whea Beans Pineapple Chicken (meat)
8. Sugarcane Cattle (beef) Com Tomatoes Cotton Cattle (dairy)
9. Potatoes Tomatoes Beans Rice Cacao Bananas

10. Roots and tubers Bananas Cardamom Mangoes Bananas Tomatoes (ind.)
11. Poultry Papaya Cotton Soybeans Sorghum Pimenton

12. Strawberries Poultry Carrots Cacao Plantains Onions

13. Mangoes Swine Cabbage Citrus fruits Citrus fruits Coconut

14. Pineapple Plantains Broccoli Poultry Pitahaya Oranges

15. Cassava Lumber Cauliflower Cantaloupe Sesame Papaya

16. Tomatoes Honey Rice Watermelon Onions Otoe

17. Cacao Potatoes Bell peppers Pineapple Mangoes Com

18. Papaya Eggs Onions Sorghum Cantaloupe Mangoes

19. Swine Coconut Cucumbers Cabbage Tomatoes Lettuce

20. Chayote Pineapple Asparagus Swine Cabbage Rice

21. Com Oranges Forestry prod. Garlic Garlic Chicken (eggs)
22, Soursop Lemons Plantains Goats Forestry prod. Cantaloupe
23. Passion fruit Avocado Citrus fruits Avocado Cassava Tomatoes (table)
24, Blackberries Cantaloupe Tobacco Cassava Annatto Avocado

25. Beans Cabbage Sweet potatoes Avocado Swine

26. Bell peppers Onions Apples Forestry prod. Tiquisque Beans (poroto)
27. Macadamia Watermelon  Lettuce Grapes Papaya Beans (frijol)
28. Onions Carrots Peaches Onions Chiltoma Pineapple

29. Avocado Sesame Cantaloupe Pumpkin Chayote Cacao

30. Cabbage Chile Pears Sesame Passion fruit  Citrus fruits

31 Rice Soybeans Sorghum Chile Watermeion Garlic

32 Lumber Cucumbers Cacao Coconut Peanuts Cabbage

33 Pejibaye Mangoes Citronella Cucumbers Carrots Watermelon
34. Carrots Peanuts Watermelon Afric. paim Pumpkin Cucumber

35. Lettuce Cotton Mangoes Apples Beets Carrots

36. Broccoli Lettuce Lemon tea Cashew Coconut Potatoes

37 Afric. paim Cashew Papaya Tamarind Pejibaye Beets

38. Asparagus Hemp Okra Cotton Cucumbers Guandu

39. Cauliflower Cashew Carrots Soybeans Chayote

40. Watermeion Peanuts Peaches Asparagus Sorghum

41, Om. plants Sesame Beets Soybeans

42. Tobacco Grapes Lettuce

43. Cucumbers Soybeans Papaya

44, Flowers Peanuts

45. Pepper Passion fruit

46. Cotton

47. Soybeans

48. Sorghum

Source: Prepared by the author.
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FINAL REMARKS

The scoring method used for this study makes it possible, among other things, to ana-
lyze—in small countries, at the macro level, in.a practical and economical way-the impor-
tance of certain categories of agricultural production with a view to concentrating efforts
and allocating resources for research within the public sector. The method applied can
easily be changed in order to determine the importance of products from other view-
points, such as self-sufficiency in food production or promotion of exports.

In the cases of Costa Rica, Honduras, and Panama, the use of a number of scenar-
ios consisting of different sets of weighting factors that can be interpreted as parameters
for defining research policy makes it possible to identify and rationalize different types of
priorities for the categories of agricultural production.

It should be noted that setting priorities for research by product, at the country level,
can be interpreted differently depending on the socioeconomic context, the structure of
NARS, and the objectives proposed. In addition, when different scenarios are used, the
priorities identified provide information that is useful for decision making: for example (a)
how to orient a NARS, as suggested in the case of Honduras; (b) research options that
might be transferred to the private sector, as in the case of Guatemala; and (c) research
on nontraditional export commodities that should be emphasized, and the reasons why,
as in the case of Nicaragua.

The scoring method used allows only for a distinction to be made regarding the impor-
tance of one product with respect to another, in accordance with the objectives and the
variables chosen, but it is not a tool for measuring the amount of resources that should
be allocated for research on individual products.

There are other ways to allocate resources in order to achieve certain objectives in a
more precise and specific manner. Some options might be (a) to cross the priorities
obtained with other variables, such as supply of and demand for technology, which would
make it possible to determine if it is necessary to invest in increasing the supply of tech-
nology or the transfer of technology; (b) to carry out a second priority-setting exercise with
respect to research projects for a group of priority products, using cost-benefit tech-
niques; and (c) to carry out a second priority-setting exercise with respect to disciplines
within certain priority products.
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