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Foreword

s the number and variety of interconnected sources of agricultural innovations have

continued to grow and evolve, so too have the demands for meaningful evidence of

both the total payoff and the specific impacts of individual research providers. Im-
portant policy and practical funding decisions require a clear understanding of the shares of
the overall benefits from investments in R&D attributable to domestic versus foreign and pub-
lic versus private agencies, or even to individual agencies, as well as the total benefits accruing
from innovation.

This report provides a detailed economic assessment of the magnitude and sources of the
economic benefits to Brazil since the early 1980s from varietal improvements in upland rice,
edible beans, and soybeans—crops that span a range of interests from domestic (or even more
localized) food security concerns, as with rice grown in typically rainfed, upland production
systems, to crops with important international trade implications such as soybeans.

The authors of this study pay particular attention to isolating the benefits from genetic im-
provement, distinct from other factors that change grain yield or quality. They use detailed
information of the genetic and breeding histories of each crop and the institutional arrangements
for more contemporary crop-improvement research in Brazil to attribute parts of the overall
benefits to the research done by various agencies within Brazil, in particular the Brazilian
Agricultural Research Corporation (Embrapa, Empresa Brasileira de Pesquisa Agropecudria).

Notably, the balance of local versus international spillin contributions to the improvement
of each crop is sensitive to the particular crop and time period under consideration. Moreover,
the estimated returns to research are especially sensitive to approaches taken to account for the
multiplicity of past and present research providers involved in Brazilian crop improvements.
Ignoring the efforts of others results in markedly upward-biased estimates of the returns to
Embrapa research. Importantly though, even after attributing the overall benefits among the
myriad of research providers, the returns to investments in Embrapa research on the three
study crops are still substantive.

As well as providing new and important evidence on Embrapa’s crop-improvement pro-
grams and their payoffs, this report provides more general insight into the importance of
addressing attribution questions in evaluating public research investments, develops some
methods for doing so, and illustrates how to apply them.

Joachim von Braun
Director General, IFPRI
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Summary

brapa in improving upland rice, edible beans, and soybean varieties. The total re-

search benefits over the period 1981-2003 amounted to $14.8 billion in present
value (1999 prices) terms—or 6.1 percent of the corresponding value of crop output—of
which $3.1 billion were attributed to the efforts of Embrapa. These benefits to Brazil came
from either maintaining yields in the face of pressures that would otherwise cause them to fall,
or improving the yield performance over time relative to base-year yields. They represent the
gains from varietal improvement research alone, abstracting from other factors that can affect
yields. The upland rice program has also substantially emphasized the need to improve the
quality of the grain. We estimated the benefits arising from this aspect of that research
amounted to $233 million, in addition to the $1.68 billion attributable to the yield-enhancing
aspects of the rice research.

Embrapa’s varietal improvement research investments have been profitable overall, pri-
marily because of a very high benefit—cost ratio for soybean research. Although the quantita-
tive details may change, the qualitative pattern was preserved when we investigated the sen-
sitivity of the estimates to changes in the interest rate used to discount the benefit and cost
streams (4 versus 10 percent), and the length of the benefit stream (benefits truncated in year
1998 versus 2003). These benefit—cost ratios are backward looking: they reflect the benefits
accruing to the past investments, specifically the investments made between 1976 and 1998.
Nonetheless, to the extent that the future can be expected to be like the past, they provide an
indication that crop improvement research by Embrapa, especially research on developing im-
proved soybean varieties, would be a very profitable investment of public funds in the future.
As such, the results here provide strong support for claims to sustain and even increase fund-
ing for all three programs of research, especially varietal improvement research on soybeans.

Although the benefits attributable to Embrapa are large absolutely and relative to the size
of the costs of research, the results indicate that sources other than Embrapa contributed sig-
nificantly to the benefits. In addition, the share of total benefits attributable to Embrapa versus
other agencies varied among the different crops and periods considered. The evidence indi-
cates that CNPSo (the Embrapa soybean center) accounted for a sizable and increasing, but
not dominant, share of the benefits from improved soybean varieties since 1981—using a
geometric attribution rule to apportion the contributions of past breeders to each improved
variety of commercial consequence, 9 percent of the benefits for 1981-85 and 28 percent for
1993-98. The genetic material underpinning all these gains drew heavily on material from
non-Embrapa sources (significantly, the United States). The non-Embrapa content of upland
rice varieties was much more reliant on domestic sources compared with soybeans, whereas
edible bean varieties drew more heavily than either rice or soybeans on foreign sources—
CIAT, Colombia has been a major source of the pedigree material used by CNPAF (the Em-
brapa rice and bean center)—and other local breeders, and a nontrivial amount of foreign-
sourced edible bean varieties were used directly by Brazilian farmers.

We estimate that Brazil received $16 of benefit from every dollar invested by Em-

Xi



xii  SUMMARY

Some are skeptical about the often high reported rates of return to agricultural research,
and we were mindful of the issue in developing our own estimates. Our results indicate that
some of these high reported rates of return may arise from mismatching the benefits from
research and development (R&D) and the costs that brought them about. In this study, if
all of the varietal improvement benefits accruing to Brazil were attributed to Embrapa, a pub-
lic research corporation accounting for more than half Brazil’s agricultural R&D spending, the
benefit—cost ratio would be 78:1. When a geometric attribution rule based on genetic histories
is used in conjunction with quantitative evidence on the extent of research collaborations to
account for the innovative effort of others, the ratio drops substantially to 16:1, or an internal
rate of return of 38.7 percent per annum. Notably, the social returns to the Embrapa R&D
being evaluated are substantial, even after considerable care was taken both to isolate the
effects of research from other factors that would cause crop yields to rise and to account ex-
plicitly for the contributions of many public, private, and international agencies besides Em-
brapa in the development of improved crop varieties.



CHAPTER 1

Introduction

feature of the 10,000-year history of agriculture has been the substantial contri-

bution of biological innovations, especially crop varietal changes, to yield and output

growth.! For a large number of crops in many, but certainly not all, countries, yields
increased during the latter half of the twentieth century to historically unprecedented levels
(Pardey and Wright 2002), with research and development (R&D) accounting for a substan-
tial share of the measured gains (Alston et al. 2000b). Although there is a clear consensus that
the payoffs to R&D have been high, and appear to remain so, far less is known about the
precise origins of the relevant R&D or sources of the varietal innovations that gave rise to the
growth in yields of a particular crop in a particular country, or of how those sources of inno-
vations have changed over time. Are the gains attributable to homegrown technologies or to
spillins developed elsewhere? What share of the gains is attributable to efforts by farmers, or
to public versus private research, or to research conducted by particular agencies, and do these
dimensions remain stable over time or vary among crops? Answers to these questions have
important implications in terms of the amount of public investment in R&D, the right balance
of the research in terms of local innovation versus tapping technologies developed elsewhere,
and the design of policies and institutions to facilitate effective partnerships among public and
private agencies.

According to national totals for 1996, the latest year for which these data are available,
Brazil employs more than 5,000 full-time equivalent researchers and spends more than $1 bil-
lion (1993 international dollars) on agricultural R&D (Beintema et al. 2001). Thus Brazil is
important regionally—accounting for about one half of the total agricultural research spend-
ing in Latin America—and globally as well, spending more on agricultural R&D than most
other developing countries, except China and India, and many developed countries, including
Australia, Canada, Italy, the Netherlands, and the United Kingdom. Most of Brazil’s research
expenditures are undertaken by public agencies; 79 percent of these are federal and state organi-
zations and 15 percent are higher education institutions. Embrapa, a corporation established
by the federal government in 1972, is still the country’s dominant research agency, accounting
for 57 percent of total spending in 1996 (slightly higher than its spending share of two
decades earlier). About one half of Embrapa’s research is concerned with crops and more than
one third of that research deals directly with crop genetic improvement, that is, breeding and
related research.

ISmith (1998) describes the origins of plant and animal domestication and Diamond (1997) their subsequent
spread worldwide. Evans (1993) investigates the nature, rate, and sources of crop yield growth, while Olmstead
and Rhode (2002), using the example of wheat, reexamine the timing and magnitude of the effects of biological
innovations in U.S. agriculture.



2 CHAPTER 1

Although Embrapa still accounts for the
lion’s share of agricultural R&D conducted
in Brazil, the domestic and international re-
search scene is changing, with a still small
but gradually greater presence of private
for-profit and private nonprofit agencies, a
fairly pervasive contraction in the funding
of state research and extension, and pres-
sures to change Embrapa’s priorities involv-
ing reductions in funding for some centers,
increases for others, and shifts in the focus
of research generally. This study assesses
the magnitude of the benefits derived from
various crop-improvement programs over
the past several decades and attributes these
benefits to the work of Embrapa and others
as a basis for accounting for past research
and as an aid to formulating priorities and
policies for future research by Embrapa and
other agencies. The attribution methods
developed and applied here are also rele-
vant for related studies on other crops and
for other countries where there is value in
assessing the share of benefits attributable
to different agencies, whether they are local
or situated in other countries.

Research Objectives and
Scope of the Report
Agricultural R&D, and especially crop-
improvement research, is a cumulative and
often collaborative endeavor. New crop va-
rieties draw directly on breeding lines and
commercial varieties developed earlier, and
much of the crossing, testing, and selection
of new varieties involves collaboration
among multiple public and private agencies.
This study deals with attributing the credit
for varietal improvements in Brazil to re-
search expenditures undertaken at different
times, in different places, and by different
agencies. It is relatively straightforward in
principle, and in practice if suitable data are
available, to obtain a measure of the total
benefits from the adoption of new, improved
crop varieties. It is more difficult to measure
the benefits attributable to any one agency
such as Embrapa in Brazil when some of the

benefits are attributable to other private and
public research institutions in Brazil and
elsewhere. When assessing crop improve-
ment research, the attribution problem is to
determine which crop varieties are attribut-
able to Embrapa (or, if partially attributable,
to what extent) and how much of the over-
all yield improvement is attributable to those
varieties. Further challenges arise in defining
the relevant counterfactual scenario—what
is it reasonable to assume would remain
constant, and what else would be different if
Embrapa’s research investment had been
different? A related problem is to define the
relevant costs, apportioning costs among the
different activities undertaken by research
institutions, and some other considerations
in measuring the costs associated with a
particular stream of research benefits.

We addressed the benefit attribution
issue by using a combination of hard data
and estimates, applying both new and con-
ventional methods for three crops: upland
rice, edible beans, and soybeans. In particu-
lar, spatially disaggregated data on experi-
mental yields, and state-specific estimates
on varietal adoption, were used to apportion
the gains in state-specific industry yields
among individual varieties of the crops stud-
ied. Information on pedigrees of varieties
and varietal releases, as well as information
on shares of effort provided by research
partners, was used to apportion credit for
the development of the individual varieties
between Embrapa and other institutions.

On the cost side, we compiled detailed
information on research costs at each center,
by type of cost (for example, personnel ver-
sus capital, and so on), and the proportion of
those costs attributable to varietal research,
for each year for the period 1976-98. Effort
was directed to establishing the elements of
costs attributable to the crop-improvement
programs alone (and, at the rice-bean
center, the allocation between the two crop-
improvement programs). This meant allo-
cating a share of each center’s overhead as
well as the program-specific operating costs,
based in part on information collected on
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the numbers of different types of staff em-
ployed. In addition, effort was made to ap-
portion an appropriate share of Embrapa’s
head office expenses and the costs incurred
by CENARGEN, the agency’s center for ge-
netic resource and biotechnology research,
to be borne as a type of overhead by each of
the specific breeding programs.

Data on experimental yields of the indi-
vidual varieties were not available for every
location and year analyzed. A modeling
approach was developed so that regression
techniques could be used to develop a set
of experimental yield projections for every
variety included in each year and each lo-
cation. Using these projected experimental
yields, and estimates of the area planted to
each of the varieties, we were able to com-
pute an index of the yield gain for each year,
relative to the mix of varieties planted in the
“base year” for each crop (1984 for upland
rice, 1985 for edible beans, and 1981 for
soybeans; use of different base years is the
result of differences in data availability).
By combining this index with the observed
industry yield, we were able to estimate
the increase in commercial yield attributa-
ble to the adoption of the new varieties.
These yield gains were valued using world
market prices expressed in U.S. dollars in
real (1999) terms, which were assumed to be
unaffected by the enhancement to Brazilian
supply and exports.

Information on pedigrees and whether
each variety was released by Embrapa or
from some other source was used to deter-
mine the extent of “Embrapa-ness” of each
variety under various attribution rules. For
soybeans, 50 percent of the area planted in
the most recent year analyzed, 1998, was
planted to varieties released by Embrapa;
49 percent for edible beans, and 73 percent
for upland rice. The corresponding figures
for Embrapa releases as a share of varieties
planted in the crop-specific base years (1981
for soybeans, 1984 for upland rice, and 1985
for edible beans) were 9.6 percent for soy-
beans, 0 percent for edible beans, and 10 per-
cent for upland rice.

To measure the benefit from varietal im-
provement that should be attributed to Em-
brapa, three alternative partitions of benefits
were computed. The first simply measures
the total benefits from improved varieties
and attributes all of those benefits entirely to
Embrapa. This measure represents an upper
bound to the benefits that might be attribut-
able to Embrapa, some of which must surely
be due to the efforts of others. The second
uses a last-cross rule to attribute benefits,
assigning Embrapa 100 percent of the credit
for Embrapa releases but no credit for vari-
eties bred by others from Embrapa releases.
The third uses geometrically declining
weights: one half to the variety itself, one
eighth to each of its two parents, and one
sixteenth to each of its four grandparents.
These weights are used to assign credit for
the benefits attributable to a variety among
the institutions releasing the variety, its
parents, and its grandparents. Having made
efforts to account for the contribution of past
breeders, we made additional efforts to ac-
count for the contribution of those agencies
directly partnering with Embrapa to develop
its varietal releases.

Research cost and benefit streams were
expressed in year 1999 present values, and
various benefit—cost ratios and internal rate
of return measures were developed to illus-
trate the sensitivity of the results to differ-
ent attribution rules and provide alternative
perspectives on the contributions made by
Embrapa and others over the past three
decades to varietal improvements in upland
rice, edible beans, and soybeans. Finally we
investigated the sensitivity of the results to
changes in the discount rates used to calcu-
late present values and to variations in the
length of the benefit streams.

Overview of the Report

The substantial content of the report begins,
in Chapter 2, with an overview of agricul-
ture and agricultural R&D in Brazil. The
purpose of this chapter is to provide a global
context for the analysis, which is relevant
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for the market model used to value varietal
change and for understanding the inter-
national flows of commodities as well as
technologies and ideas. This chapter also
describes agricultural research institutions
and investments in Brazil—again, in a global
context. In considering the agricultural in-
dustry in the broader domestic and global
economy, as well as the agricultural R&D
setting, particular emphasis is given to the
commodities that are the subject of the spe-
cific analysis in later chapters.

Next, in Chapter 3 we review principles
and practice for the evaluation of varietal
improvement research. First, we discuss the
measures of total benefits from technical
change associated with the adoption of new
crop varieties, drawing on previous work
in the area conducted by participants in this
study and others. In the case of Brazilian
adoption of new crop varieties, that might
be a relatively straightforward analysis—or
at least it would be if we could treat changes
in yields over time as a measure of yield
improvement associated with new varieties
(that is, if we could ignore yield-reducing
effects of evolving pest problems, and could
assume no changes in the use of fertilizers
and other inputs).

Chapter 4 reports our application of the
methods described in Chapter 3 to varietal
improvement work done by Embrapa and
others on edible beans, upland rice, and soy-
beans. Several elements underpin the analy-
sis. First, a general overview of each of the
relevant Embrapa centers is provided, in-
cluding a brief history of the center and its
research activities, a description of the re-

search (and other) products generated by the
center, and a depiction of the relationship
between the center and other competing and
complementary contributors to varietal im-
provement now and in the past. Second, the
chapter includes detailed documentation of
research costs at the center over time, by
type of cost (for example, personnel vs. cap-
ital, and so on), and the proportion of those
costs attributable to yield-enhancing vari-
etal improvement research. Third, a detailed
crop-specific analysis of research benefits is
provided. This entails the documentation of
details on (a) the varieties released over time,
(b) yield gains associated with those vari-
eties, (c) the adoption of those Embrapa
varieties and other varieties, (d) the com-
mercial yield gains associated with the adop-
tion of the important varieties, and (e) the
value of those commercial yield gains and
the share of that value attributable to Em-
brapa releases over time. Fourth, the infor-
mation on research costs and benefits is com-
bined into a benefit—cost analysis. Finally,
to conclude the chapter, we synthesize and
summarize the results from the benefit—cost
analysis for the individual crops, ascertain
the sensitivity of the results to changes in
various elements (such as the rate of interest
used to estimate the present value of costs
and benefits and the length of the period
over which benefits accrue), and make cross-
commodity comparisons of the returns to
past investments by Embrapa in varietal-
improvement research. We provide some
concluding remarks in Chapter 5 of this
report.



CHAPTER 2

Market and Research Contexts

early 1960s, as have the domestic and foreign agricultural research investments and the

T he soybean, upland rice, and edible bean economies of Brazil have evolved since the
institutions that affect these crop economies.

Production and Productivity Patterns

Overall Trends

Brazil produced significantly more beans and soybeans in 2001 than it did in 1961 (Table 2.1).
The growth in Brazilian soybean production has been spectacular, averaging 12.7 percent per
year from 1961 to 2001, compared with 0.79 percent per year for edible beans. In contrast,
production of upland rice declined by 1.85 percent per year (from 1975 to 2000, the period for
which a time series of data was available),” while total rice production trended steadily up-
wards from 1961 to the late 1980s, with no clear pattern of further growth thereafter. Thus over
the past few decades, an increasing share of Brazilian rice production has come from areas
other than rainfed, upland production systems. In 1998, upland rice production accounted for
only 34 percent of total Brazil rice output, compared with nearly 60 percent in 1976.

Yield Trends
Figure 2.1 gives the national average yields for Brazil for each crop since 1961. Average soy-
bean and upland rice yields for Brazil have all trended up over time, although with substantial
year-to-year variation in yields (and especially large yield declines in 1978, 1986, and 1991).
Notably, yields for both crops grew faster during the 1990s than in earlier decades, giving no
indication of a Brazilian yield plateau for these crops, in contrast to the conventional wisdom
regarding expectations for the developing world more generally (see, for example, Pingali
and Heisey 2001 or Conway 1997). Edible bean yields also recovered during the 1990s after
generally declining during the preceding three decades, so that the yields in the late 1990s
matched those obtained during the 1960s.

How do yields compare between Brazil and other regions of the world? Panels a—c in Fig-
ure 2.2 give comparative yields for each crop since 1961, but with inclusion of overall, not

2Upland rice production data for 1967, 1981, 1989, and 1995 were available from Sanint (1999, pers. comm.) and
for the period 19862000 from IBGE (Instituto Brasileiro de Geografia Estatistica). Data for the period 1975-85
were constructed by applying state-specific upland to total rice production shares for 1986 to the respective rice
production totals for the years 1985-2000.
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Table 2.1 Quantity produced and yield—Brazil and other regions, 1961-2001

Annual rate

1961 1971 1981 1991 2001 of growth?
(thousands metric tons) (percentage)
Total rice
Brazil 5,392 6,593 8,228 9,488 10,301 1.51
Rest-of-LAC 2,721 4,231 7,583 7,952 11,459 3.69
LAC 8,113 10,824 15,811 17,440 21,759 245
World 215,655 317,762 410,029 518,575 585,593 2.53
Upland rice
Brazil 5,5112 n.a. 5,773 5,026 3,599¢ n.a.
Rest-of-LAC n.a. n.a. 391 571b 592¢ n.a.
LAC 5,511 n.a. 6,164 5,597° 4,190¢ n.a.
World n.a. n.a. n.a. n.a. n.a. n.a.
Edible beans
Brazil 1,745 2,688 2,341 2,745 2,661 0.79
Rest-of-LAC 1,254 1,585 2,287 2,515 2,041 1.44
LAC 2,998 4,273 4,628 5,260 4,702 1.07
World 11,173 12,497 15,024 16,340 18,005 1.21
Soybeans
Brazil 271 2,077 15,007 14,938 36,815 12.72
Rest-of-LAC 46 498 5,487 13,821 30,185 16.28
LAC 317 2,576 20,494 28,759 66,999 13.77
World 26,882 45,618 88,523 103,306 171,847 4.65
(kg/ha)
Total rice
Brazil 1,699 1,384 1,349 2,302 3,224 1.78
Rest-of-LAC 2,042 2,707 3,520 3,646 4,528 1.96
LAC 1,800 1,711 1,915 2,767 3,800 2.05
World 1,867 2,358 2,822 3,536 3,852 1.94
Upland rice
Brazil 1,4122 n.a. 1,051 1,223P 1,319¢ n.a.
Rest-of-LAC n.a. n.a. 1,340 1,805P 1,852¢ n.a.
LAC n.a. n.a. 1,066 1,264° 1,375¢ n.a.
World n.a. n.a. n.a. n.a. n.a. n.a.
Edible beans
Brazil 676 683 466 505 705 -0.26
Rest-of-LAC 507 527 720 745 689 0.99
LAC 593 615 564 597 698 0.28
World 493 541 578 624 699 0.93
Soybeans
Brazil 1,127 1,210 1,765 1,553 2,680 2.25
Rest-of-LAC 1,598 1,776 1,971 2,269 2,466 0.95
LAC 1,177 1,290 1,816 1,831 2,579 1.99
World 1,129 1,519 1,754 1,880 2,250 1.62

Source: With the exception of upland rice, all data were taken from FAOSTAT (2002). Upland rice data were
obtained from Sanint (1999, pers. comm.) based on Sanint and Wood (1998).
Note: n.a. indicates not available. LAC indicates Latin America and Caribbean.
4 1967 estimate. The comparable total rice production figure for 1967 is 6,792 thousands of metric tons,
and the average yield of all rice is 1,583 kilogram per hectare.
b 1989 estimate.
¢ 1995 estimate.
Growth rates calculated by least-squares regression method.
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Figure 2.1 Brazilian bean, soybean, and upland rice yields, 1961-2001

Yield (t/ha)
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Source: With the exception of upland rice, all data were taken from FAOSTAT (2002). Upland rice data are based
on authors’ estimates and from data obtained from IBGE (various years).

upland, rice yields because of a lack of com-
parable upland rice data for other parts of
the world.> Brazilian soybean yields have
edged up over time relative to yields else-
where in the world—they are now generally
higher than world average yields whereas in
the early 1960s they were around the world
average. The slide in Brazilian edible bean
yields from 1961 through to the late 1980s
is not reflected in the rest-of-Latin America
and Caribbean (LAC) figures nor in the cor-
responding world average, which trended up
since the early 1960s. Brazilian rice yields

dropped slightly during the 1960s, leveled
off during the 1970s, and grew throughout
the subsequent two decades although they
are still well below world (and Latin Amer-
ican) average yields.

Has the change in output for each crop
been primarily a yield or an area phenome-
non? The sources of output growth varied
markedly among these three crops. The area
under edible beans shrank, but was offset by
a much greater rate of gain in yields so that
production overall expanded. Soybean yield
and area harvested both grew, but 59 percent

3In 2000, we estimate that Brazilian upland rice yields were 1.9 tons per hectare compared with an average of
5.2 tons per hectare for the remaining rice produced (which comes mainly, but not entirely, from irrigated areas).
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Figure 2.2 Crop yields for Brazil and other regions, 1961-2001
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Figure 2.2—Continued

C. Soybeans
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Source: FAOSTAT (2002).

of the substantial growth in soybean pro-
duction was the result of an expansion in the
area harvested rather than a growth in aver-
age national yields. The rate of increase in
upland rice yields was overwhelmed by the
contraction in area, so that the production of
upland rice shrank by an average of 1.85 per-
cent per year since 1975.

International production shares. A poten-
tially important element of an R&D evalua-
tion exercise concerns the international price
consequences of changes in Brazilian pro-
duction. If Brazilian production has meas-
urable effects on world prices then this
needs be to part of the evaluation frame-
work if we are to attribute correctly gains
from Embrapa research to Brazilians versus
others in the world (see Chapter 3). Brazil’s
share of world production gives an indication
of the likely magnitude of the international
price effects of Brazilian R&D. Table 2.2 re-

1979

1982 1985 1988 1991 1994 1997 2000

Rest-of-LAC World

ports Brazil’s share of Latin American and
world output since 1961. Brazil’s overall
economy is large, especially by Latin Amer-
ican standards, so it is of no surprise, per-
haps, that the country accounts for a domi-
nant share of the region’s upland rice
production (although less of the region’s
overall rice output) and more than half the
region’s edible bean and soybean produc-
tion. Notably, despite the rapid growth in
soybean production in Brazil over recent
decades, it lost regional market share, down
from 86 percent of LAC production in 1961
to 55 percent in 2001. This reflects the even
more dramatic increase in production in
Argentina throughout this period.

Like most countries, and for most crops,
Brazil is a much less important player in
world markets. Since the early 1960s it
has accounted for about 15 to 17 percent of
global production of edible beans. It has a
negligible and shrinking share of global rice
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Table 2.2 Brazilian crop production as a share of Latin American and

global totals
1961 1971 1981 1991 2001
(percentage)
Total rice
LAC 66.5 60.9 52.0 54.4 473
World 2.5 2.1 2.0 1.8 1.8
Upland rice
LAC n.a. n.a. 93.7 89.82 85.9>
World n.a. n.a. n.a. n.a. n.a.
Edible beans
LAC 58.2 62.9 50.6 52.2 56.6
World 15.6 21.5 15.6 16.8 14.8
Soybeans
LAC 85.6 80.7 73.2 51.9 54.9
World 1.0 4.6 17.0 14.5 21.4

Source: With the exception of upland rice, all data were taken from FAOSTAT (2002). Up-
land rice data were obtained from Sanint (1999, pers. comm.) based on Sanint and

Wood (1998).

Note: n.a. indicates not available. LAC indicates Latin America and Caribbean and is used

interchangeably with Latin America.

2 1989 estimate.
b 1995 estimate.

production (accounting for less than 2 per-
cent of global production in 2001), but a
sizable and generally growing share of world
soybean production.

The Location of Production

The yield and quality of crops is affected
by variations in climate and soils, the inci-
dence of pests and disease, and the inputs
and management practices designed to
overcome or ameliorate these natural con-
straints to production. Much agricultural
R&D is designed to deal with variations in
the natural aspects of production. Crop vari-
eties are bred to resist ever-evolving pests
and diseases, to compete better with weeds,
to perform better in soils with higher de-
grees of acidity or salinity or lower levels
of certain macro- or micronutrients, to with-
stand drought at key points in their growth
cycles, and to resist lodging in high winds,
among other considerations. All of these
factors vary by location, so it matters where

crops are grown as well as how much is
grown in total. Thus moving beyond the
national totals to pay attention to the loca-
tion of production provides a much richer
and, at least for R&D evaluation purposes,
more relevant perspective on agricultural
production in Brazil.

This is especially true when one of the
principal purposes of research is to develop
improved crop varieties and associated crop
management practices that would allow cer-
tain crops to be grown profitably in locations
that were hitherto unsuitable for production.
The development and local adaptation of
various soil management technologies (in-
cluding locally optimal liming regimens as
well as minimum tillage and irrigation prac-
tices) to enable effective use of acidic tropi-
cal soils, were essential complements to the
varietal selection and improvement efforts
for soybeans and other crops that have trans-
formed the Cerrados region within Brazil
over the past several decades.
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Crop yields are not the only aspects
affected by location-specific environmental
factors. The environment also influences
grain quality, especially grain size, shape,
protein, fiber, and nutrient content. Some of
these aspects and others such as color have
a genetic basis as well, and are also of inter-
est to plant breeders, especially when a com-
mercial advantage or price premium can be
gained for a specific trait. Upland rice re-
search at Embrapa has placed a particular
emphasis on developing finer-grain upland
rices with greater market appeal.

Trends in state-specific production shares
are summarized graphically in panels a—c of
Figure 2.3. For all crops, these top ten states
account for approximately 90 percent of
Brazil’s current output. Soybean production
is the most spatially concentrated—just five
states produced 83 percent of the national
total in 2000, and only three states (Mato
Grosso, Parand, and Rio Grande do Sol)
accounted for almost two thirds of that
year’s total. Notably, in the mid-1970s, al-
most all (84 percent) of Brazil’s production
occurred in the southern states of Rio
Grande do Sul and Parand; now the Cerra-
dos states of Goias, Mato Grosso, and Mato
Grosso do Sul account for 47 percent of
national production.

State shares of edible bean production
are comparatively stable, and this crop is
more evenly spread throughout Brazil—the
top three producing states accounting for
only 49 percent of total production in 2000.
The degree of concentration in terms of area
harvested is similar to the spatial pattern of
production, although the area harvested for
edible beans is a little less concentrated than
is production. Some significant differences
are notable in the ranking of states by area
harvested and quantity produced. For ex-
ample, in 2000 Rio Grande do Sul ranked
first in terms of soybean area harvested (22
percent of the total) but only third in pro-

duction (14.6 percent); Pernambuco had the
fourth-largest harvested area of edible beans
(6.4 percent) but ranked ninth in terms of
crop production (3.5 percent). Spatial dif-
ferences in yield account for the mismatch
between spatial patterns of production and
area planted/harvested.

Changes in yields, as well as yield levels,
vary markedly over space. Figure 2.4 is a se-
ries of frequency distributions, one for each
crop, which indicates the amount of produc-
tion taken from areas grouped according to
their annual change in crop yields over the
1975-95 period.* A large spatial variation in
the performance of the crops studied here
is clearly evident. Substantial areas under
beans experienced substantial yield declines
(greater than 3 percent per annum) since
the mid-1970s, yet about 22 percent of the
bean area had yield gains in excess of 3 per-
cent per annum. The spatial variation in
soybean yields was much more muted—
more than 55 percent of the soybean area
had yield gains in the range of 0 to 2 percent
per annum.

Trade Trends

Brazil, together with many other countries,
both imports and exports all three crops
(Table 2.3). This reflects seasonal differences
in production and differences in the quality
and form of the crops being traded, as well
as localized cross-border trade. During
much of the 1960s and 1970s, Brazil was
a net exporter of edible beans but is now a
net importer. The country shifted from
being a net importer to a net exporter of rice
over the past several decades. Soybeans
are the only crop among the three studied
here for which Brazil had a persistent and
sizable positive balance of trade since 1961
(that is, the value of exports exceeds the
value of imports). In terms of traded values,
roughly equal shares of soybeans are

4The edible bean and soybean distributions are developed from Alston et al. (2000a).
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Figure 2.3 State production shares, 1961-2000
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Source: With the exception of upland rice, all data were taken from IBGE (various years). Upland rice data are
based on authors’ estimates and from data obtained from IBGE (various years).
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Figure 2.4 Municipality production stratified by growth in yields from 1975 to 1995
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Figure 2.4—Continued
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Source: With the exception of upland rice, all data were taken from sources cited in Pardey, Chan-Kang, and
Wood (2000). Upland rice data are based on authors’ estimates and from data obtained from IBGE (var-

ious years).
Note:  ROL refers to rest-of-LAC.

shipped as grain and cake, with a signifi-
cant but much smaller share of the total
value of exports (18 percent in 1999) ex-
ported in oil form.

In 1999, Brazil accounted for more than
one third of Latin America’s entire bean
imports (by value), one-fifth of its edible
bean imports and a negligible share of the
region’s exports of both crops. In terms of
global trade, Brazil accounted for less than
6 percent of total world imports of beans
and rice in 1999, but 47 percent of Latin
America’s soybean exports (summing across
exports in all forms) came from Brazil—a
large share, but significantly less than the
corresponding share for the early 1960s,
when Brazil accounted for virtually all of

the region’s exports of this crop. The rate
of growth in Argentina’s soybean exports
has been even greater than that of Brazilian
soybean exports noted previously, and Ar-
gentina now accounts for about 44 percent
by value of the region’s soybean exports,
irrespective of form. In terms of world
trade, by the late 1990s Brazil accounted for
21 percent of global exports, and Argentina
for about 20 percent.

The lion’s share of Brazil’s imports of
all three crops comes from developing coun-
tries; specifically, Argentina is the principal
source of bean imports, Uruguay supplies
rice (with Argentina second on this list),
and the soybean imports come mostly from
Paraguay.> Western Europe is the major

STo quantify bilateral trade flows between Brazil and other countries, we used the Commodity Trade Statistics
Data Base (COMTRADE) compiled by the United Nations Statistics Division (UNSD).
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destination for Brazil’s bean and soybean
exports, while rice is exported to a number
of South American countries. None of the
transitioning economies of the former Soviet
Union figure in Brazil’s export or import
balance sheets.

R&D Patterns

Agricultural research in Brazil started in
approximately the mid-1800s, at the time
when public agricultural research institu-
tions in the United States and Europe were
first set up.® The Emperor of Brazil” ap-
proved the establishment of five Imperial
Research Institutes, although only two of
these institutes, one in the province of Bahia
and the other in Rio de Janeiro, became
operational. They focused their research on
estate crops such as coffee and sugarcane
destined mainly for export markets, as did
many of the research stations that were
formed over the subsequent century, most of
which were located in the richer states in the
southeastern part of the country.

Despite this early (by world standards)
start, the elements of a national research ef-
fort did not really begin taking shape until
the late 1930s and early 1940s. In 1939 the
Ministry of Agriculture formed the National
Center of Agricultural Training and Educa-
tion (CNEPA), which evolved into the De-
partment of Agricultural Research and Ex-
tension (DPEA) in 1962. DPEA (renamed
the Research and Experimental Office, EPE)
moved its headquarters to Brasilia in 1967,
and grew into a national network of nine
research institutes—organized on a regional
basis—supported by 75 experiment stations.
In 1971, EPE was renamed the National
Agricultural Research and Experiment De-
partment (DNPEA) and, with the addition

of some new central units, became the insti-
tutional and operational basis for Embrapa,
which assumed DNPEA’s facilities and com-
menced operation in April 1974 after Con-
gressional approval in December 1972.

Embrapa was established as a govern-
mental corporation, with administrative flex-
ibility beyond that typical for a government
agency. By 1999 it had grown into an or-
ganization with 37 research centers em-
ploying 2,064 scientists and a total staff of
8,619. Although it is definitely the largest
agricultural research agency in Brazil, Em-
brapa is by no means the only such agency.
A sizable investment is also made in agri-
cultural research conducted by state govern-
ment agencies and universities. Beintema et
al. (2001) estimate that by 1996, Embrapa
accounted for 52 percent of the publicly
performed agricultural R&D in Brazil, state
governments 20 percent, and universities
about 21 percent. Although public research
predominates, some private research re-
lated to agriculture is performed in Brazil.

Some basic institutional details for the
two Embrapa centers evaluated in this study
are given in Table 2.4. The rice and bean
and soybean centers were established as
entirely new facilities, whereas many other
centers had inherited facilities and some of
the former DNPEA staff. In 1998, these two
centers combined accounted for 4.6 percent
of total Embrapa spending and 5.8 percent of
total scientific staff, and are among the larger
centers within Embrapa.

Both centers focus on crop-improvement
research, with an emphasis on crop breed-
ing. Crop research constitutes nearly one half
of all Embrapa research, and about the same
share of university and state government re-
search. About one third of all crop research
in Embrapa and the state agencies is genetic-

SThe authors are grateful for the assistance they received from Nienke Beintema in preparing this section.

7"Brazil gained independence from the Portuguese in 1822 and two Emperors ruled until 1889, when the country

became a republic (Skidmore and Smith 1997).
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improvement research, whereas only one
quarter of the crop research done in the uni-
versities is so oriented.

Although Embrapa is a significant re-
search organization in Brazilian (and even
in world) terms, much of the research that is
conducted in Brazil and (elsewhere in the
world) does not directly involve Embrapa.
According to estimates made by Pardey and
Beintema (2001), in 1996 (the latest year for
which internationally comparable data are
available), Embrapa provided about 30 per-
cent of public research in Latin America and
3 percent of all public research conducted
worldwide. Thus the prospects for tapping
technologies developed elsewhere are large:
scouting for and screening these technolo-
gies to speed up the international transmis-
sion of new knowledge has real value. For
example, a collaborative joint program of
research began in early 1998 with several
Embrapa staff outposted to the U.S. De-
partment of Agriculture’s (USDA’s) head-
quarters facility in Beltsville, Maryland. A
similar joint program involving outposted
Brazilian staff was launched with Agropolis
in Montpellier, France in 2001. In addition,
a sizable share of Embrapa’s research is
conducted in direct partnership with other
Brazilian state agencies, universities, and
some private nonprofit and for-profit agen-
cies, including domestic companies and
international firms with local operations.

Brazil has a substantial number of uni-
versities, with more than 100 faculties or
schools of agricultural science that conduct
research. Most of these are federal and state
universities; only a few of the private uni-
versities offer training and research in the
agricultural sciences (Alves 1992). Bein-
tema et al. (2001) identified five Brazilian
nonprofit institutions engaged in agricultural
research in the late 1990s. One of these, the
Instituto Rio-Grandense de Arroz (IRGA),

is an autonomous public agency established
in 1938 under state law to conduct research
on irrigated rice production in Rio Grande
do Sul, a state that in 1998 accounted for 50
percent of Brazil’s total rice production. In
addition to rice research, IRGA also carries
out a certain amount of research on maize,
sorghum, and soybeans. Since its inception,
it has released a total of 30 rice varieties.
During the 1980s, some of these varieties
were developed jointly with Embrapa (such
as BR-IRGA 409, 410, and 414) and later
became commercial successes—for instance,
the variety BR-IRGA 409 was planted on
upwards of 60 percent of the state’s rice area
in the mid-1980s. The variety BR-IRGA 414,
released in 1987, was the last of these joint
products; more recent releases such as IRGA
416 (commercialized in 1991), IRGA 417
(released in 1995), and IRGA 418, 419, and
420 (all released in 1999) were developed
by IRGA without direct engagement with
Embrapa.

Brazil has an active and growing private
sector providing technologies and technical
services concerned mainly with farm inputs
(including agrichemicals, animal feeds and
breeding services, fertilizers, seeds, veteri-
nary medicines, and machinery) and food
processing. Little specific information is
available on the local research underpinning
these technologies, but the impression
gleaned by Beintema et al. (2001) is that
many of the technologies represent spillins
to Brazil from research done elsewhere.®
Some of the national seed companies do
conduct some research in Brazil, much of
which involves local testing and screening
of improved germplasm developed else-
where. Since the mid-1990s a considerable
number of these national seed companies,
especially those marketing corn and soy-
beans, have been taken over by multinational
corporations. For example, Sementes Agro-

8Roseboom (1999) reached a similar conclusion in a separate study of the sources of Brazil’s agricultural

technologies.
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ceres, Braskalb (the Brazilian operations of
DeKalb), Cargill’s local seed operations,
and FT Sementes were all acquired by Mon-
santo (in which Pharmacia acquired an 85
percent stake in October 2000, only to spin
off its holdings in August 2002, reestablish-
ing Monsanto as an independent trading en-
tity). As a result of its Brazilian acquisitions,
Monsanto accounted for 63 percent of the
Brazilian seed corn market during 1998-99,
various other foreign firms had 22 percent,
and Brazilian seed companies supplied the
remaining 15 percent (which includes Unim-

ilho, an association of local private firms
that adapt and market seeds based on mate-
rial supplied by Embrapa) (Filho and Garcia
2000). Other noteworthy firms are Souza
Cruz (part of British-American Tobacco),
which has five experiment stations engaged
mainly in breeding new tobacco varieties,
as does Profigen, a U.S. company. Agristar,
together with SVS do Brasil (the Brazilian
branch of the firm Seminis, which includes
Asgrow, Horticeres, Petoseed and Royal
Sluis), have developed a range of improved
vegetable varieties.



CHAPTER 3

Economic Evaluation of Varietal Change

he relevant precedent literature is large; Alston et al. (2000b) identified 165 studies of

“rates of return” to agricultural research dealing with field crops, of which 38 dealt

specifically with the three crops included in this study. However, surprisingly little of
that literature sought to identify the institutional origins of the benefits from R&D, an espe-
cially telling omission if research spillovers among groups of research providers—whether
domestic or foreign—are deemed important. Given our interest in assessing the benefits at-
tributable to specific groups of research providers, we directed our research degrees of free-
dom to accounting carefully for these interinstitutional effects. Our procedures for measuring
the overall Brazilian benefits attributable to improved crop varieties were designed to achieve
parsimony without compromising precision or introducing biases—and, where possible, to
improve the accuracy of the estimates compared with typical past practice.

Brazilian Benefits Overall
We use an approximation that was first used by Griliches (1958) in his study of hybrid corn to
measure the total benefits to Brazil from varietal improvement. We assume that total gross an-
nual research benefits (GARBs) are approximately equal to the value of the additional output,
measured by the value of production (PQ) multiplied by the proportional gain in yield (k),
associated with the adoption of new varieties—that is, GARB = kPQ, where P is the price and
Q is the quantity of the crop. This is a reasonably intuitive measure, but is open to some crit-
icisms, as discussed in Alston et al. (1995), for instance. It will provide a very good approxi-
mation in the case of linear supply curves shifting in parallel, but yield gains might not trans-
late well into supply shifts (they are likely to understate supply shifts because they do not
allow for economizing responses), and they might not be parallel (a measure that is good for
parallel shifts would substantially overstate benefits associated with a pivotal supply shift).”
We acknowledge the measure is subject to error, but suggest that the multiple sources of
errors of approximation in this measure might to some extent offset one another, and that the
errors from this source might not be too serious compared with other potential sources of error
in the analysis. In any event, information is not available on the size or nature of the shifts of

“More recent work by Martin and Alston (1997) suggests that the measure may be better than previously sug-
gested. Martin and Alston (1997) showed that the same approximation to producer surplus—that is, the increase
in supply multiplied by the price—would be an exact measure of the change in producer profit when technical
change variables are incorporated directly into a linear-quadratic profit function, which implies linear output sup-
ply shifting in parallel as a result of research, and would be a first approximation with factor-augmenting techni-
cal change in the same profit-function setting.

20
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supply associated with new crop varieties in
Brazil, so some assumptions are inevitable
and the measure we use is consistent with
the most common assumptions used in meas-
ures of research benefits.

The use of the preceding approximation
to GARB avoids the need to measure the
price and quantity effects of research, but
this advantage is lost if one is interested in
measures of the distribution of benefits either
within a country or among countries. Here
we are interested in measuring the total ben-
efits to Brazil from varietal innovations, and
even though we are not interested in the
functional distribution of benefits within
Brazil, we have to take account of the inter-
national distribution if GARB includes
some benefits accruing to producers or con-
sumers in other countries, given that we are
dealing with innovations for imported goods,
such as edible beans or rice in the Brazilian
economy, or an exported good, such as soy-
beans in the Brazilian economy.

These consequences will be important if
the technological change causes changes in
the world market price or if there are inter-
national technology spillovers (that is, if
other countries adopt the results from
Brazil’s R&D).!° When producers in more
than one country can adopt and benefit from
the new technology, it is the consequent in-
crease in worldwide production that deter-

mines the price effects of new varieties. The
international distribution of the benefits and
costs of the new varieties depends on the
global pattern of trade in the commodity
and the applicability of the new technology
in different places, reflected in the pattern of
adoption, as well as the change in the world
price. Hence, if the technological change
leads to significant changes in the world
price, we need to measure this price change,
and pay attention to the difference between
quantities produced and consumed, in order
to measure the total domestic benefits.

We maintain that Brazilian varietal in-
novations have had negligible effects on
world market prices for upland rice, edible
beans, and only modest effects on soybean
prices, reflecting the fact that Brazil’s out-
put has modest consequences for world
market prices, and that the extent of tech-
nology “spillouts” of crop varieties from
Brazil to other countries is not likely to have
been large enough to have had important
impacts on world prices for the commodities
of interest. Our measure of total research
benefits, given by an index of yield gain
multiplied by Brazil’s value of production,
will overstate Brazil’s gains in the case of
soybean research given that Brazil is an
exporter and some of the benefits from the
resulting lower prices would accrue to con-
sumers outside of Brazil.!!

100f course, technology spillovers can run in either direction. In this study, it is important to allow for “spillins”
of technology to Brazil from other countries (especially for soybeans) and from the international agricultural
research (or CGIAR) centers (especially for beans and rice) in determining the part of the total technological
improvement in Brazil that is attributable to Embrapa’s research investment.

Tn 1998, Brazil exported 9.274 million metric tons (mmt), 30 percent of its production of soybeans; 10.447 mmt,
61 percent of its production of soybean cake; and 1.365 mmt, 33 percent of its production of soybean oil (FAO-
STAT 2002). Although the export market is clearly important to Brazil, it is Brazil’s production as a share of
global production that determines the extent of Brazil’s ability to influence the world price. In 1998, Brazil’s
shares of global production were 5.8 percent for soybeans, 10.2 percent for soybean cake, and 5.8 percent for soy-
bean oil. If the elasticity of final demand for these products were, say n = —0.5, then in the very short term (that
is, holding total supply constant) elasticity of demand facing Brazil, n, would be approximately equal to the over-
all demand elasticity divided by Brazil’s share of world production (s, = 0.058 to 0.102): 1, = n/s, = -4 to -9.
This is a very short-term elasticity because it does not allow for any supply response in other countries; allowing
for other countries’ supply response would make the demand facing Brazil even more elastic. Elasticities as low
as —4 to -9 mean that a 10 percent increase in Brazil’s supply of soybeans might give rise to a fall in the world
price of 1 to 3 percent, which is not negligible but would not have a very great effect on the measure of research
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Figure 3.1 Research benefits and costs over time
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R&D Lags

Evaluations of the economic effects of re-
search involve procedures to account for
the timing of streams of benefits and costs,
as there may be lengthy lag times between
the initial investment in research, the even-
tual adoption of research results, and the flow
of research benefits. Figure 3.1 represents
schematically the timing of flows of bene-
fits and costs from a successful investment
in developing a new plant variety.'> The
vertical axis represents the flow of benefits
and costs in a particular year and the hori-
zontal axis represents years after the com-
mencement of the project.

Initially, the project involves expendi-
ture without benefits so that, during the re-
search lag period (say 3 to 10 years), the
flows of net benefits are all negative. Then,
after the research lag there may be a further
delay, a development lag of several years,
involving field trials for testing, certification,
and approval of the variety and for multi-
plication of seed. Even when a commercial
product is available, there are further lags
before the maximum adoption of the new
technology is achieved. The adoption lag

\ 4

Adoption process

may involve several years. Eventually, as
shown in Figure 3.1, the annual flow of net
benefits from the adoption of the new tech-
nology becomes positive (at least, for a
profitable investment this is true). In most
cases the flow of benefits will eventually
decline as the new variety is progressively
abandoned when it becomes obsolete (for
example, as newer and better varieties
evolve) or depreciates (for example, as pests
evolve), or becomes uneconomical for some
other reason. A plant-breeding program in-
volves an ongoing stream of costs and an
ongoing stream of benefits given by the
progressive development, release, and adop-
tion of new varieties in sequence. Such a
program could be represented by combining
multiple versions of Figure 3.1, one per spe-
cific variety (including unsuccessful ones),
or by developing a representative overall
picture. Either way, it is important to be able
to match the timing of benefits to the timing
of the costs of the investment that is respon-
sible for the benefits.

Figure 3.1 shows the flows over time of
net annual benefits attributable to an R&D
project. They represent the sum of benefits

benefits; larger demand elasticities reflecting rest-of-world supply response would imply even smaller price ef-
fects. For the other commodities, Brazil imports a small but significant share of its consumption (about 7 percent
for beans and 17 percent for rice in 1998). Moreover, these imports represent a very small fraction of the world
market, and so it is reasonable to treat Brazil as a price taker.

12Many new varieties are not successful in the sense that they are never developed for commercial use or adopted
in the field. The figure refers to a new variety that is successful, and adopted.
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across individuals in the society, accruing
in each year, relative to the situation if the
project had not been undertaken. The rele-
vant basis for comparison is with and with-
out the R&D, not simply before and after
it. In many cases the relevant alternative
would not be constant yields but falling
yields. Indeed maintenance research, re-
search directed at maintaining yields and
profitability in the face of pressures that
would lead them to fall otherwise, is a major
component of agricultural R&D.!3

Relevant Alternatives and

Ceteris Paribus

When using aggregate industry yields to
determine the value of yield-improving
research it is necessary somehow to hold
constant the effects of other factors—the so-
called ceteris paribus conditions. We have
data “before and after” new varieties were
released and we attempt to infer from that a
comparison of yields “with and without” the
new varieties. But other things were not
constant. In many settings, as noted previ-
ously, rather than stay constant yields may
have fallen if the variety (or other aspects
of technology) were held constant, owing
to the buildup of variety-specific pests. So-
called “maintenance” research is necessary
just to stay level. In addition, other factors
change over time affecting industry average
yields, and their effects must be removed
in order to isolate the effects of variety
changes per se. These include such factors
as other aspects of technology, weather,
pest infestations, quantities of other inputs
changing in response to prices or other
events (for example, changes in availability
of irrigation water), and changes in input
quality (for example, lower average land
quality when sown area expands into mar-

ginal areas in response to high prices), some-
times in interaction with one another.

When we translate yield changes into
changes in costs, to compare the prof-
itability of different varieties, we may en-
counter another problem. We may find it
necessary to allow for different optimized
quantities of inputs for different varieties
that respond differently to, say, fertilizer or
irrigation. The well-known problem of how
to translate experimental yield differences
into cost differences realized on farmers’
fields (see Alston et al. 1995) is confounded
further when the new technology changes
the responsiveness of a plant to the water,
fertilizer, or chemicals used to control pests
and diseases in ways that are sensitive to
the amounts of these more conventional
inputs used in production. For example, the
yield differential between conventional and
semidwarf varieties of wheat and rice typi-
cally increases as the amount of fertilizer
increases, at least up to some optimum
amount of fertilizer use. When adoption
of a technology changes the economically
optimum amount of conventional input, it
is doubly difficult, with generally available
data, to identify a shift in a yield response
curve resulting from new technology, as dis-
tinct from a movement along a response
curve resulting from changes in the amount
of conventional input, and to link the ob-
served “before-and-after” change of yields
and costs of production to the difference in
yields and costs “with and without” the new
technology.

Quality differences between varieties are
directly analogous to yield differences, in
ways that mean analogous conceptual and
measurement problems arise. We wish to
measure quality “with and without” variety
improvements but our industry-level data

13Maintenance research is very important. If R&D was to cease altogether, the likely scenario would be more
variable and declining yields and rising costs, not simply a continuation of current (or baseline) yields and costs.
Significant investments in maintenance research, particularly in plant breeding, plant pathology, and entomology,
are required just to maintain current productivity. Estimates indicate that 35 to 70 percent of U.S. agricultural re-
search is needed to maintain previous research gains (Heim and Blakeslee 1986; Adusei and Norton 1990).
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are in the form of “before and after” and so
we have to deal with the effects of other
variables that may affect quality and did not
remain constant—often the same variables
that affect yield. In translating yield into
cost changes or shifts in supply, we need
to account appropriately for any attendant
changes in variable factors. Similarly, in
translating quality change into demand
shifts, we may need to account for multi-
dimensional aspects of quality, that may not
be valued independently (that is, the value
of a particular combination of characteris-
tics may not be simply the sum of the values
of the components). Often, in practice, usu-
ally as a result of inadequate data, we can-
not deal with these elements as flexibly as
we may wish, and simplifying assumptions
are usually necessary.

Matching Benefits with Costs

To evaluate the contribution of Embrapa-
developed technologies to the Brazilian
economy we need to be able to match the
different elements of benefits to their corre-
sponding costs. Suppose we can measure
the benefits of soybean or rice variety im-
provement in Brazil, including yield and
quality changes, how do we isolate the ef-
fects of particular past research investments
in contributing to that improvement? One
approach is to try to isolate the effects of
particular R&D contributions to new vari-
eties before evaluating the resulting benefits.
Another approach is to measure the total
benefits from all such investments, regard-
less of who made them, and subsequently,
somehow, to partition the benefits among
the investments. The latter approach seems
more feasible as a practical matter.

Lags. We have so far discussed the dy-
namic nature of the research-development-
adoption continuum relevant to evaluating
new technology from a conceptual perspec-
tive. In an empirical setting, it is necessary
to quantify the lengths of the lags between
the investments in R&D and their conse-
quences in terms of streams of productivity

and benefits. In the context of new plant
varieties we may have data on when new
varieties were released and adopted, but we
may not know exactly when the relevant
expenditures were made that resulted in a
particular new variety. It is often necessary
to rely on advice from scientists to deter-
mine a reasonable estimate of typical R&D
lag lengths, but data can be used to deter-
mine the (variety-specific) adoption lags.
The same lag profile is appropriate for a
particular new variety whether we are meas-
uring the gains from quality improvement
or yield improvement. When we aggregate
across varieties, there may be different rele-
vant lag structures for yield versus quality
improvement.

Indexes of Varietal Improvement
Measuring varietal improvement involves
comparing individual varieties, or indexes
that aggregate across varieties, with some
base or numeraire variety or index. An ad-
vantage of using experimental data is that
many of the variables that influence yields
are deliberately held constant, a practice that
helps to isolate the effect of the variety per
se but that also means that variable inputs
are not “optimized” differentially among the
varieties, so the cost differences between
varieties cannot be inferred directly. On the
other hand, it is industry yield that is really
relevant for measuring benefits.

Industry yields are generated, mutatis
mutandis—that is, where input use varies
for all sorts of reasons (for example,
weather, changes in relative prices of inputs
and outputs, technical change, and so on),
both within and among seasons and across
locations. Typically, and up to a point, in-
puts are chosen jointly with varietal use de-
cisions, thus also varying as a consequence
of varietal choice. Experimentally derived
varietal yields are more likely to be gener-
ated ceteris paribus, although the treatment
regimens (fertilizer rates, weather, pest and
disease control aspect, and so on), which
are typically held comparable in conducting
side-by-side varietal comparisons, may well
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change over time and across locations. It
is likely that the variation in experimental
treatment regimens is much more muted
than comparable industry input choices (es-
pecially within a season, but over time as
well) and thus experimental yields stand a
better chance of revealing differences attrib-
utable to varietal effects, ceteris paribus
(Alston, Norton, and Pardey 1998, pp. 338—
340 and Appendix A5.3, explore this issue
in some detail).

Typically, experimental yields are sub-
stantially higher than average or represen-
tative yields found in farmers’ fields. But it
is yield gains or differences in yields be-
tween, say, new and old crop varieties, not
yield levels, that are relevant here.!# There
may be grounds for scaling down experi-
mental yield gains to better reflect yield
gains on-farm—but it would probably be an
overcorrection to scale down the gains in
proportion to the usual differences between
experimental and industry yields. Never-
theless, we apply an index of proportional
growth of experimental yields to industry
output, which is consistent with an assump-
tion that the rate of change in industry yields
attributable to varietal change is propor-
tional to the rate of change in experimental
yields attributable to varietal change.

Aggregate industry-wide yield data show
the changes in yields over time, represent-
ing “before-and-after” measures of yield
change associated with varietal adoption
and other changes, whereas we are looking
for a “with-and-without” measure of the
effect of varietal change. That is, we wish
to know the answer to counterfactual ques-
tions of the form: (a) What would yields
have been if there had not been any change
in varieties over the period since Embrapa
began to release varieties?, or (b) What
would yields have been if there had been
some varietal change, associated with the
release and adoption of non-Embrapa vari-

eties, but no adoption of Embrapa varieties?
To answer either of these questions requires
information on the adoption of varieties over
time, and, for question (b), whether they
were Embrapa releases, and measures of
varietal performance.

We define an index of experimental yield
performance in region r in year ¢, given the
actual adoption pattern and the observed
experimental yields as

n

};at = =~ irt nirt’ (1)

A . n
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rt

where Y, is the experimental yield of vari-
ety i in region r in year ¢, and 7t , is the pro-
portion of area in region r in year £, A ,
sown to variety i. An alternative index of
experimental yield performance in region r
in year f, given a counterfactual adoption
pattern would differ in terms of the adoption
weights applied to the same experimental
yields. Specifically, to represent a counter-
factual scenario of no change in varieties
over time, we would hold the adoption pro-
portions constant over time at their values in
the base year (that is, in the above equation,
setting n, = =, , for all years, 7, where &,
represents the share of the total area planted
to variety i in region r in the base year).

n

};? = ; YirtTcirb (2)

In comparing the counterfactual yield
measure of what yields would have been
in the absence of any varietal innovations,
to the actual yield measure, the propor-
tional gain in experimental yield attributa-
ble to varietal improvement, for each region
is given by:

ye_yb
krt = ( rtYa rt) 3)
rt

14Alston et al. (1995, 338-340), and the references cited therein, discuss these issues in more detail.
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where, as defined previously, Y2 denotes an
index of experimental yield computed using
the base-year area weights (that is, in the
absence of changes in varieties), and Y de-
notes an index of experimental yield com-
puted using the actual area weights (that is,
reflecting the adoption of new varieties).

These measures rest on having a full set
of observations of experimental yields by
region (if we are taking regional measures)
for every variety adopted, but usually the “ex-
perimental design” is incomplete and lack-
ing data on performance of every variety for
every location and in every year, as is the
case for our Brazilian data on experimental
yields. To address this data deficiency, we
adopt an approach that was developed and
applied by Venner (1997) and James (2000)
and described in detail below.

The estimate of k from equation (3) can
be used to measure the proportional increase
in production, holding inputs constant, as a
result of the actual varietal adoption pattern
relative to the counterfactual alternative
scenario of no varietal change.!> Multiply-
ing this factor times the actual value of pro-
duction yields a measure of the additional
value of production attributable to the adop-
tion of new, higher-yielding varieties. That is,
the total benefits from varietal improvement
in region r in year ¢, may be written as:

Brr = krtP;Qrt (4)

Attribution of Credit for
Yield Gains

The aforementioned measure of total ben-
efits from varietal improvement research

could be used as a measure of gains attrib-
utable to Embrapa if it were reasonable to
attribute all of the credit for the gains to
Embrapa’s research. Alternative measures
can be developed by giving partial credit to
Embrapa for individual releases, based on
the extent to which the breeding of the par-
ents, grandparents, and so on of a variety,
as well as the variety itself, was done by
Embrapa or another research institution in
Brazil or elsewhere. Such considerations are
important if we believe that the credit for
the value of a particular variety should be
partitioned between the breeders at the in-
stitution that released it and those who were
involved in prior stages of the varietal im-
provement process or collaborated with Em-
brapa in the development of a new variety.
Suppose only a fraction, E;, of the credit for
variety i is attributable to Embrapa. Then, a
measure of the share of the total benefits
attributable to Embrapa can be defined by
weighting each of those variety-specific frac-
tions by the proportion of total area planted
to that variety. Hence, the benefits attribut-
able to Embrapa are defined as

BrEt = Brtzl Einirt (5)

Defining Attribution Weights

Embrapa’s varietal improvement research is
not conducted in isolation from the research
that preceded it or from the contemporary
research done by others. Some of Embrapa’s
research draws on this contemporary re-
search in an arms-length fashion, and some
is carried out as joint research. Here we dis-
cuss two options for estimating attribution

15Typically there will be a link between yields and varietal adoption. Farmers may opt not to change their vari-
etal mix over time or, for reasons they do not control, be unable to do so. In this case, changes in the counter-
factual index of yields would arise only from changes in yields of the base-year varieties over time, and the ratio
of indexes of actual and counterfactual yields would be constant over time. Typically, but not always, the yields
of base-year varieties tend to deteriorate over time or decline relative to the yields of newly released varieties with
superior yield prospects. In this case, farmers would change their varietal mix over time and the index of counter-
factual yields would diverge from the index of actual yields because of changes in both variety-specific yields

and in the varietal mix.
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weights (that is, the E s) that reflect the con-
tribution of these other participants.

Genetic attribution of benefits. One ap-
proach is to share the genetic content of a
variety equally between (the breeders of) its
parents, and by serial division, among all its
antecedents. But the contribution of the
parents, grandparents, and so on to the off-
spring’s yield cannot be attributed accu-
rately in this fashion. The difficulty is that,
absent information that allows a direct
translation of genetic content into perfor-
mance in the field, mechanistic rules such as
serial division are all that remain for quan-
titative allocation of credit among the se-
quential plant-breeding innovations that have
led to a particular variety.

A multiplicity of rules has been used in
the past to attribute benefits from varietal
improvement across stages of varietal de-
velopment (Pardey et al. 1996a and b).'6 In
essence, these rules vary in terms of the ben-
efits they ascribe on the basis of breeders’
efforts (for example, using crosses as the
basis of attribution) and on the basis of var-
ious views on genetic content (for example,
using genealogies or heritability of impor-
tant traits as the basis of attribution), and
also vary in terms of the weight given to
more-recent versus distant-past aspects of
the development of the new variety. Plau-
sible arguments could be made in support
of any one of these rules—which has major
implications for the attribution of benefits—
but the choice of a particular rule is essen-
tially arbitrary. In this study we applied two
rules, in which the attribution weights were

dictated by the incidence of “Embrapa-ness”
in the pedigrees of the crop varieties that
were of commercial significance. These were
a “last-cross” rule and a truncated variant of
a “geometric rule,” specifically:

Rule 1: Last-cross rule. This rule gives
all the credit for a particular variety to the
breeder who produced it, apportioning none
of the benefits to any of its ancestors that
still exist as varieties in their own right.!”
This is a zero or one index, which is one for
varieties (or breeding lines) released by the
program and zero for all others. This rule has
the virtue that it is inexpensive to compute,
but would give no credit to an Embrapa
program that released no varieties directly,
but instead made significant contributions
of germplasm to, for example, the breeding
of varieties by state agencies or universities
throughout Brazil.

Rule 2: Geometric rule. This rule uses
a geometrically declining set of weights,
mimicking somewhat the share of genetic
material carried forward from earlier nodes
in the pedigree into the present variety ac-
cording to Mendel’s law of heredity. It can
also be thought of as a weighting scheme
that assigns declining weight to the efforts
of those who bred successively older co-
horts in the pedigree. In this rule, 50 percent
of the benefits from a variety are attributed
to its breeder, 1/8 to the breeder of each of
its parents, 1/32 to the breeder of each of its
grandparents, and so on. In general, at gen-
eration g, 1/2?¢*D of the benefits from a
variety are attributed to the breeder of each
ancestor. When the allocation stops at
generation G, 1/2% of the benefits are

16Brennan and Fox (1995), for example, applied two variants of a “binary rule” at the level of parents. One vari-
ant assigned benefits equally to each parent depending on the source of the parent (thus, in attributing benefits to
CIMMYT, a CIMMYT-bred parent was assigned 50 percent of the benefits). The other variant also shared bene-
fits equally among each parent, but in this case 50 percent of the benefits went to CIMMYT if a parent had any
CIMMYT “blood” in its pedigree. Brennan (1986, 1989) used this varietal parentage approach to partition bene-
fits to Australia for the 1973-84 period, assigning two thirds of the US$747 million savings in production costs
to the contributions of CIMMYT and one third to the efforts of Australian wheat breeders.

17 An alternative extreme rule is to give all credit to the “first” documented cross. This involves, in effect, tracing
a variety all the way back to its “original” parents and assigning all credit to those parents, in some fashion.
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attributed to that generation, in order to ar-
rive at attribution shares that sum to 1. Thus,
applying the rule through the level of grand-
parents as we did in this study, 1/23 = 1/8 of
the benefit would be attributed to the breed-
ers of each of the parents (generation 1) and
1/2% = 1/16 to the breeders of each of the
grandparents (generation 2).

Institutional attribution of benefits. An-
other, sometimes complementary, approach
is to attribute benefits on an institutional
basis, recognizing the contemporary role of
other agencies in the conduct of Embrapa
research, in addition to the prior role of
other agencies in developing the genetic
material used by Embrapa and its partner
agencies, as just discussed. Indeed, Em-
brapa collaborates with various state agen-
cies and universities, and even with some
private firms, in the development of im-
proved crop varieties, many of which are
subsequently released jointly with Em-
brapa. One simple option would be to pro-
rate the benefits on the basis of the number
of partners (that is, attributing to Embrapa
half the total benefits from a new variety if
Embrapa collaborated with another agency
in its development, one third of the benefits
if two research partners were involved, and
so on). However, the contributions of the
partners may not be equal in terms of the fi-
nancial or genetic resources provided, the
breeding acumen brought to bear on the ex-
ercise, or some other factor, and taking ac-
count of these unequal contributions may be
more appropriate. For each of the new vari-
eties included in this study, we elicited a set
of weights from CNPAF and CNPSO scien-
tific staff designed to reflect the perceived
importance of Embrapa regarding the sci-
entific outcomes of the research. This ap-
proach involves more subjectivity than the
genetic attribution rules (given that the exis-
tence or extent of collaboration regarding a
specific variety is, perhaps, in the eye of
the beholder), but neither rule is intrinsically
better or worse than the other and they can

be used in conjunction with one another, as
we do in this study.

Attribution between research and exten-
sion. Extension is intended primarily to
speed up the process of adoption—and, to
the extent that it does so, it can substantially
increase the benefits from varietal improve-
ment. Extension investments might also have
changed spatial adoption patterns and raised
the ceiling rates of adoption for some vari-
eties, further adding to the benefits associ-
ated with particular varieties. If the costs of
extension investments are not counted, then
we will have underestimated the full costs
of public investments that contributed to
the overall result (alternatively, it can be
said that we will have overestimated the
benefits associated with public investment
in research if we have not deducted the
effects of extension investments on the pat-
tern of adoption and thus benefits). Simi-
larly, certain types of overhead expenses
such as basic research or head-office costs
might also be charged against variety im-
provement research.

Yield Data

These measures rest on having a full set of
observations of experimental yields by re-
gion (if we are taking regional measures) for
every variety adopted. Usually, however, the
“experimental design” is incomplete in that
we do not have data on performance of
every variety for every location and in every
year. One reason is that some varieties were
developed later than others, but also it is
common to drop varieties from the experi-
mental design once farmers have abandoned
them.

Estimating Experimental Yields

Given data on yields of several varieties
of varying release vintages, each possibly
grown on several sites (each found in one of
various regions), in each of several years we
can estimate a regression model of the form:
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l T
Y, =20DV+ ZﬁjDA. (6)

i J(k)
S T

where the variables in the regression are
defined as follows: ¥, is the experimental
yield of variety k at site [ (which is within
region ), in a trial conducted in year m; DV,
is a dichotomous dummy variable set equal
to one for variety i and zero otherwise, and
there is one such dummy variable for each
of the [ total varieties in the data set; DA )
is a dichotomous dummy variable set equal
to one if variety k was released in year j
and zero otherwise, and there is one such
dummy variable for each of the T years cov-
ered by the data set; DS_ is a dichotomous
dummy variable set equal to one for site s
and zero otherwise, and there is one such
dummy variable for each of the S total num-
ber of sites in the data set; DT, is a dichoto-
mous dummy variable, equal to one if the
year of the trial is ¢ and zero otherwise, and
there is one such dummy variable for each
of the T years covered by the data set; W,
is an index of weather in region r (that con-
tains site /) in year m; and e, is the resid-
ual from the model.

Then, taking the estimated parameters
of the model we can compute fitted values
for the experimental yields of each variety
included in the sample, for every year and
every site:

DT+, )W+ €

Yist= i Bj(l) + 8 + ¢r(v) r(s)r (7)

where, glven that variety i was released in
year j, B/(z ) B Finally, to obtain estimates
of variety- spec1ﬁc fitted yields at the level
of regions (say, states, as in our application),
we can use either the fitted yields from a
representative site for each region or an av-
erage of the fitted yields across sites within
a region. We chose the second option.
Having obtained fitted values for yields
for all varieties by region and year, we sub-
stituted the fitted values for their counter-
parts in equations (1) and (2) to compute

the yield indexes using the actual and base
values of areas of adoption:

n
A

Yr? ZYtTEtrt (1%

i=1

Yb = Z Ytrtnlrb (2’)
i=1
In turn, we used these estimated experimen-
tal yields in equation (3):
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The estimate of k from equation (3’)
can be used to measure the proportional
decrease in production, holding inputs
constant, in the counterfactual alternative
scenario of no varietal change compared
with the actual varietal adoption pattern.
Multiplying this factor times the actual
value of production yields a measure of
the value of production foregone if the
new, higher-yielding varieties had not been
adopted. That is, the total benefits from va-
rietal improvement in region r in year f may
be written as:

B =k PO, (4"

Industry Yield Data

Industry-level yield data offer different op-
tions. When we know the fraction of each
variety, i grown in region r in year t, &, , a
regression model may be formed in which
the annual average yield (across all vari-
eties) for a region, 7 is regressed against
the fraction planted to the different varieties,
and other variables as follows:

!
Yrt = YOr + Eyirnirt
i=

S -
+ Zlﬁr(s)(“s/'t - V}"{s)t) + Srt (8)

where W o is an index of weather averaged
across sites (denoted by s) in region r in
year t. This is a region-specific model in
which the parameters and data are specific
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to region . The same model could be esti-
mated jointly for several regions as a seem-
ingly unrelated regressions (SUR) setup,
with some potential for gains in efficiency.
In addition, some parameters may be equal
across regions (for example, the weather
effects on yields may be common to some
regions or the variety response parameters,
Y,,» may be equal across regions). From this
regression, a prediction of the “expected”
yield of a variety, i in region r in year ¢ is
given by

a o

irt = ’?Or + ‘?ir
S A -
+ Zl r(s)(ua{t - Vi"{s)t) + 8rt (9)

where the “hats” denote estimated values.
The expected value in a normal year is
given by

?ir = ?Or + ?ir (10)

While this approach using industry data
would appear to be a reasonable alternative,
it is likely to be difficult to obtain reason-
able, plausible, and precise estimates of
location-specific yields for a large number
of varieties with the types of industry-wide
average yield and region-specific adoption
data that we can anticipate being able to
obtain. Hence, the approach based on the
statistical analysis of experimental yields is
likely to be preferable in most applications,
and better in the present application.

Quality Differences

Like yields, quality differences among vari-
eties may be measured using either exper-
imental data or industry-wide data. Experi-
mental data have the advantage that many
of the variables that influence grain quality
are deliberately held constant, a practice
that helps to isolate the effect of the variety
per se but that also means that variable in-
puts are not “optimized” for quality or yield
differentially among the varieties, so the
true differences in quality between varieties

cannot be inferred directly. Industry-level
grain quality may be more relevant for mea-
suring benefits. In this study, as for yield
impacts, both types of data may be used in
a complementary approach to study grain
quality. The various approaches described
earlier could be applied in essentially the
same ways to develop indexes of grain qual-
ity improvement, rather than yield improve-
ment. These indexes rest on measures of
quality (as compared with yield) for indi-
vidual varieties, and if these were not avail-
able directly they could be estimated statis-
tically using fitted values from models using
experimental data or industry data. As a
practical matter, in the current application,
it is felt that the preponderance of varietal
improvement research has not been directed
at grain quality improvement. The notable
exception is in relation to upland rice, where
improving the quality of grain has been a
major objective of research and even that
exception has had commercial consequences
only in very recent years. Some soybean re-
search has also been directed at improving
the quality of the grain.

Gains from variety-specific quality en-
hancement can be measured using data on
price premia. Such data are available only
at the level of varietal classes, so varieties
either qualify for a premium or they do not.
Assuming that yields are not very different
between premium and nonpremium vari-
eties, the additional benefits in region r in
year t from having adopted varieties that
attain a price premium can be approximated
by multiplying the total value of produc-
tion by the fraction of the total area that is
planted to premium varieties ( f,), times the
proportional price premium (p,). That is,

Grl = ft)Qrtl)ffr"l (11)
The benefit from quality-enhancing re-

search attributable to Embrapa can be com-
puted as:

Grfz BQrtpt; Eisinirt (12)
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where 8, = 1 if variety i is a premium vari-
ety, and is zero otherwise (and E, = 1 for
Embrapa releases, zero otherwise). It can
easily be seen that this same result can be
expressed in terms of a proportional supply
(or demand) shift, g, as

Gr= 8,00, (13)

where g£=p, ;Elﬁ.m

ot

Costing Varietal
Improvement Research

Just as factors other than research affect
crop yields and quality, thereby confound-
ing estimates of the benefits attributable to
research based on observed differences in
yields and grain quality, there are analo-
gous, complicating factors to deal with
when estimating the costs of that research.
In addition, decisions on how to treat costs
are best made in light of decisions on how
to measure benefits, and both sets of deci-
sions affect the comparisons of benefits
and costs and the management and policy
interpretations of those comparisons. In the
preceding sections we described methods
for estimating the economic benefits arising
from a stream of varietal improvements and
attributing a share of those benefits to the
efforts of specific Embrapa centers. Here
we first raise some conceptual issues related
to costing that research, and then describe
some of the mechanics of measuring Em-
brapa costs.

Conceptual Issues in

Costing Research

To motivate the discussion, consider the
costs involved in developing a single new
variety. Crop improvement, like much of
science, is a cumulative endeavor in which
contemporary research builds on the long
history of varietal change that preceded it
(Alston and Pardey 2001). Even so, typi-
cally there is a considerable length of time
—often 3 to 10 years—between the point
at which a new cycle of research begins

and the time when a resulting new variety is
ready for release. Screening for and select-
ing locally superior lines from nurseries or
other material obtained from farmers’ fields
or other research programs generally can be
accomplished in just a few years. Crossing
various breeding lines takes longer, for ex-
ample, up to seven generations, before sta-
ble, segregating populations are obtained,
and considerably longer when some of the
crosses involve wild relatives or landrace
material. In an ongoing program of research
that develops multiple new varieties it is dif-
ficult, and for many purposes not necessary,
to pinpoint precisely the beginnings or sub-
sequent scope of the research that led to a
specific new variety. Rather, it is sufficient
to estimate the stream of costs that gave rise
to a corresponding stream of varieties, some
of which later achieved commercial sig-
nificance and thereby yielded measurable
economic benefits.

A compelling conceptual basis exists
for evaluating and costing research in this
more aggregative fashion. In some senses
varietal improvement research, like much bi-
ological research, is a large numbers game,
yielding few commercial successes and
many scientific and commercial failures.
Comparatively few improved lines lead to
released varieties, and fewer still are adopted
in any significant sense. Juxtaposing the
whole of the costs against the benefits aris-
ing from the few commercially successful
varieties is a more natural and meaningful
way to evaluate a program of research, or the
research center that supports that program,
than taking a narrow estimate of only those
costs that gave rise to the commercially suc-
cessful varieties.

Costs can be broken down into their di-
rect and indirect (or overhead) components
as well as into functional classes such as
labor, capital, and operational costs. Agri-
cultural research is a labor-intensive under-
taking, but costing varietal improvement re-
search involves much more than estimating
the costs of the crop breeders involved. Sig-
nificant inputs also include the agronomists,
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plant pathologists, entomologists, and the
like, as well as their support staff, and the
cost of employing field hands and others
involved in carrying out the research. A
full accounting of labor costs also includes
the overhead costs of the managerial, library,
and other elements of support, including the
costs of the fringe benefits (a type of indi-
rect cost) accorded all the labor involved. To
these labor costs must be added the opera-
tional costs of chemicals, energy, and other
laboratory and field supplies as well as the
costs of the capital such as land, buildings,
and equipment.

Mechanics of Costing

Embrapa Research

The existence of a comprehensive, Embrapa-
wide, activity- or project-based accounting
framework would have greatly facilitated
this costing exercise. In its absence, we de-
veloped various methods to address vari-
ous data constraints. Broadly, one set of
methods was used to estimate labor costs,
another the cost of capital, and a third
method was used for estimating operational
expenses. These methods emerged after
considerable trial and error, during which
it became clear that the reported budgets or
expenses for each Embrapa center are ac-
counting constructs that do not always
provide a proper basis for fully costing
the research conducted at each center or,
more precisely, identifying the full costs
that gave rise to the benefits from varietal-
improvement research that are attributed to
each center.

Labor costs. To estimate a crop- and
activity-specific set of labor costs we began

by developing an inventory of staff at each
of the centers (CNPAF and CNPSo) for
each of the years 1976-98. For CNPAF
researchers, individual staff were identified
according to their disciplinary classification
(for example, plant breeder, pathologist, or
agronomist) and qualification status (for
example, Ph.D., M.Sc., B.Sc., and various
support staff categories) as well as an esti-
mate of the share of time they each spent
during each year on crop-improvement re-
search, which was considered 100 percent
for plant breeders but not necessarily so for
agronomists, entomologists, and such who
typically are also engaged in research not
directly leading to the development of im-
proved crop varieties. For CNPSo, we were
provided information on the total number
of personnel working in each research spe-
cialty along with the share of time devoted
to crop improvement research. These data
allowed us to account explicitly for changes
over time in the total number and composi-
tion of scientific staff, with both aspects
having a significant bearing on labor costs.
For both centers we also obtained data on
the numbers of laboratory assistants, field
workers, and other support staff (which in-
cludes secretaries and various other admin-
istrative support staff, drivers, cleaners and
such).!8

Using corresponding salary data,'® Wep
for qualification class, g, each crop, ¢, and
each year, 7, we estimated the share of labor
cost devoted to crop improvement research
as follows

SCr Zq cht cht cht

ct } : [
7 cht qct

18Within Embrapa, senior professional staff includes both “researchers” and “technical” staff. Technical staff hold
the same range of university qualifications as researchers, the distinguishing characteristic is that professional
staff who successfully sit the public-service concurso exam or who gain sufficient merit increases are promoted

to the rank of researcher.

19We took the wage rate of field workers and other support staff to be 30 percent below the secretarial wage rate
whereas the wage rate of laboratory assistants was deemed to be 30 percent above the secretarial wage rate.
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where S e WS provided to us as an estimate
of the share of each respective labor class
devoted to crop improvement research in
each year.?® From the data underpinning
the report by Beintema et al. (2001), we ob-
tained a center-specific time series of total
labor cost for each crop for the period
1976-99,2! TL,,, which was used to esti-
mate the corresponding crop-improvement
labor cost (that is, CI, = SCI_, x TL ).

Operating costs. Operating costs include
the costs of field and laboratory chemicals,
fuel and energy, and various other supplies
required to undertake the crop-improvement
research. Total operating costs for each
center for the years 1975-98 were provided
to us from unpublished data files main-
tained by SEA. To form an estimate of the
operational costs pertaining only to crop-
improvement research we first compiled a
comprehensive list of subproject budget
sheets (programa annual de trabalho, PAT),
which were available for most but not all
years from 1985 to 1998 for each of the
centers included in our study. From these
budget sheets we estimated the annual shares
of budgeted operational expenses directly
related to crop-improvement research. We
were provided with similar (synthetic) esti-
mates of operational cost shares by center
staff for selected years prior to 1985 for
which PAT budgets were available. Using
the median of these operational cost shares
for each center, in conjunction with the cor-
responding total operational costs for each
center, for each year we generated an esti-
mate of the operational costs related directly
to crop-improvement research.

Capital costs. Measures of the annualized
cost of capital were developed using data
on the value of the initial capital stock at
each center and subsequent annual pur-
chases of various classes of capital, specifi-
cally land, buildings, and other physical
assets (mainly machinery and equipment).
Presuming the intensity of factor use was
the same for varietal improvement research
as for crop research more generally, we
prorated the total value of capital to crop-
improvement research according to the cor-
responding shares of labor plus operational
costs for each center. We then calculated
the value of the capital stock used for crop-
improvement research for each crop for each
year as follows:

S.= Z(I—dk) Sty T Zlkcr (15)
% %

where S, is the stock of capital and 7, , the
investment in capital of class k for crop c at
time 7, d, is the annual rate of capital depre-
ciation (capital of class k), which is taken to
be 0 percent for land, 3 percent for build-
ings, and 10 percent for other investments.
The annualized user cost of capital consists
of two parts: (a) depreciation costs, and
(b) the opportunity cost of earnings forgone
from resources tied up in durable assets
(Robison and Barry 1999). Presuming a
geometrically declining depreciation pro-
file, then:

UC, = 2.8 d,+ 1) (16)
3

where UCU is the user cost of capital for
crop c¢ at time ¢, and 7 the discount rate

20 Absent relevant data, we took the share of support staff time engaged in crop improvement research to be equiv-
alent to the share of time of postgraduate researchers dedicated to crop improvement research.

2IThe TL series for each center was obtained in nominal local currency units. It was first converted to U.S. dol-
lars using annual average market exchange rates taken from Fundacao Guttlia Vargas (FGV) and then deflated
to base year 1999 prices using the U.S. implicit GDP deflator published by the U.S. Bureau of Economic Analy-

sis (BEA).
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representing the opportunity cost of fore-
going earnings, is assumed to be 4 percent.

Other aspects of costs.  Estimating the costs
attributable to an Embrapa center is not
necessarily the same as estimating the costs
corresponding to the research benefits at-
tributable to an Embrapa center. There are
several aspects to this mismatch in costs
and benefits; most arise from the multi-
center structure of Embrapa. First, certain
costs, such as the interest charges on the
loan funds from agencies such as the World
Bank and the Inter-American Development
Bank that partially underwrite Embrapa re-
search, the implicit subsidies provided Em-
brapa staff via the agency’s lunch program,
and various other items, are expensed against
Sede’s (Embrapa headquarters’) budget but
really constitute an additional cost of re-
search that should be shared among the
Embrapa centers. Second, the cost of the
system-wide management and board-related
functions carried out by Sede represents a
type of overhead charge on the operations of
the individual centers. Third, the molecular
biology research carried out by CENARGEN
also represents a type of overhead cost on
the operations of the crop-improvement cen-
ters within Embrapa.

For these reasons we developed an “aug-
mented cost” series for each of the three
centers in this study that includes (a) a pro-
rated share of Sede costs based on the share

of each center’s costs in total Embrapa (net
of Sede) costs and (b) a prorated share of
CENARGEN’s costs based on the cost share
of each crop-improvement center in a total
that represents the sum of spending by Em-
brapa centers engaged in crop-improvement
research.??

As described in Chapter 2, the substan-
tial growth in Brazilian soybean production
(as well as of some other crops) in the past
several decades involved a shift in the lo-
cation of production from mainly southern
states to more tropical regions. Some of this
was made possible by the soils research
conducted by CPAC (Embrapa’s Cerrado
Agricultural Research Center), which made
it feasible to crop the naturally degraded
subtropical soils more intensively and con-
tinuously—especially the oxisol soils with
low fertility, low pH, and saturated in alu-
minum, but mostly well drained and with
good physical characteristics that make up
nearly half the Cerrados soils.?? Thus
CPAC’s soils management research could
also be viewed as another type of overhead
cost to be charged against the research
benefits reported in this study. But it would
be a mistake to charge all (and, perhaps,
even much) of these costs against our meas-
ured benefits for several reasons. First, the
crop management research was not specific
to soybean production. Second, given that
we calculated the benefits on a state-specific
basis, only part of the varietal benefits is

22There are other complicating factors that we side-stepped in this study. For example, the cost of Embrapa per-
sonnel outposted to state institutions is charged against Sede’s budget. Below we make some adjustments on the
benefit side for collaboration between Embrapa and other Brazilian agencies when attributing benefits, but have
not made any adjustments on the cost side. In addition, Embrapa has made very considerable investments over
the years in training its staff. These costs are apparently embedded in the center-specific costs included in our re-
search cost estimates. However, investing in training is a type of capital cost that may best be charged against the
benefits arising from research in the future conducted by those who were trained, rather than treating it as a current
labor cost as we have implicitly done here. In other words, the timing of the costs and commensurate benefit
streams may vary according to the type of expenditures in ways not captured by our evaluation methods.

23CPAC was instrumental in important parts but not all of the relevant soil management research. Some of the
credit is due to research conducted early on at the Agronomic Institute in Campinas (IAC), Sdo Paulo (Warnken
1999, 50), and others elsewhere in the world (Borket and Sfredo 1994).
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attributable to production on tropical soils.
Third, our use of localized experimental
data to measure the yield consequence of
varietal change was expressly intended to
hold constant other factors that affect crop
yields.

Comparing Benefits

and Costs

To compare projects with different time
patterns of costs and benefits, requires
aggregating over time. Capital budget-
ing techniques are appropriate, and the
relevant techniques are well known and
documented.?* If a dollar were worth the
same to the recipient, regardless of when
it is received, we could simply add up
annual flows of net benefits over time.
Capital budgeting addresses explicitly the
idea that a dollar today is worth more than
a dollar tomorrow, or in 10 years’ time. In
capital budgeting, we discount future bene-
fits, and compound past benefits, relative to
current benefits. That is, we express all past
and future flows of benefits and costs in
present value terms.

Net Present Value

The present value, in year ¢, of a stream of
research benefits (B; o the benefit in year
t+j) over the next n years, can be ex-
pressed as

PV(B),=B,+ B, /(1 +i)+ (17)

B /A+i+...+B, [(1+i)"
where i is the interest rate used to discount
future benefits. More compactly, we can
write

PV(B), = ijHj/(l + i)/ (18)
j=0

Comparing streams of benefits (B) and costs
(C) of a project, the net present value is
equal to

NPV = PV(B),— PV(C), (19)
n
=j§0 B,,,-C, )/ +i)/

That is, the net present value is equal to
the present value of the stream of net bene-
fits. An investment is profitable if the net
present value is positive (in other words,
if the present value of the benefits exceeds
the present value of the costs).

Several conceptual and measurement is-
sues are implicit in this formula and should
be made explicit. First, whether we are in-
terested in social benefits and costs (the
sum of those accruing to any member of the
society), as opposed to private benefits and
costs (the sum of those accruing only to a
particular group in the society), does not
affect the formula. It does determine how
we measure the relevant streams of benefits
and costs. In deciding what to include and
how to interpret the resulting estimates, it is
important to be clear about what we intend
to measure.

Second, the discount rate, i, should be
defined and measured in a way that is con-
sistent with the measures of benefits and
costs. In particular, if the streams of benefits
and costs are defined in nominal terms,
which means that they are expressed in cur-
rency values that are observable in the
marketplace and not adjusted to remove the
effects of inflation, then a nominal discount
rate is appropriate. To represent the nominal
risk-free real rate of return it is common to
use the interest rate on long-term government
bonds, for instance. If it is desired to use a
real discount rate but the streams of costs
and benefits are in nominal terms, the value

24For instance, see Robison and Barry (1996) for a comprehensive treatment or Alston et al. (1995, 362-364) for
a discussion of applications to agricultural research evaluation and priority setting.
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streams can be converted to real terms by di-
viding by a general price index such as the
consumer price index. Typically, real risk-
free rates of interest are more like 2 to 5 per-
cent.? In this study we express the streams
of benefits and costs in real U.S. dollars,
and accordingly we use a real discount rate
of 4 percent (and conduct some sensitivity
analysis using a rate of 10 percent).

Third, several issues arise in the inter-
pretation of the net present value. It can be
an average net present value, in the sense
that it reflects all the costs and all the bene-
fits from a particular project or program of
work, compared with what would happen if
no such investment were made. Or, it can be
a marginal net present value, reflecting the
benefits from a comparatively small change
in the total investment. Both marginal and
average measures of profitability may be of
interest, but for different questions: for ex-
ample, should the research be shut down
entirely or should it be reduced? Marginal
and average net present values are not really
comparable, as they refer to different scales
of investment, but marginal and average
rates of return or benefit—cost ratios are
adjusted for the scale of the project, seem
comparable, and could be confused for one
another. It is useful to know what is being
measured, accordingly, in settings where the
marginal and average measures may differ.

Finally, in some priority-setting contexts,
where the total budget to be allocated—or
some other relevant factor—is fixed, re-
sources might be allocated among projects
ranked according to the net present value
per unit of the constrained resource (see
Robison and Barry 1996, for instance).

Benefit-Cost Ratio
Although the net present value is usually
regarded as the best measure for most pur-

poses, two other measures are used more
commonly, largely because they are more
readily comparable across investments. A
benefit—cost ratio is given by the ratio of the
present value of benefits to the present value
of costs, rather than the difference between
them. That is,

BC, = PV(B), + PV(C), (20)

According to this criterion, an investment is
profitable if the benefit—cost ratio is greater
than 1 (that is, again, if the present value of
benefits exceeds the present value of costs).

Internal Rate of Return
A third, alternative way of representing the
same information is the internal rate of re-
turn, irr. This is defined as the discount rate
that yields NPV = 0. That is,

0=>, B, C I +irn? (21)
j=0

An investment that has a NPV > 0, given a
discount rate of i, will also have an irr > i.
Thus, according to the internal-rate-of-
return criterion, an investment is profitable
if the computed internal rate of return is
greater than the required (market) rate of
return: irr > i. As described here, the three
criteria (NPV > 0; BC > 1; irr > i) are equiv-
alent, and in many instances they will be so.
But in some instances they are not equiva-
lent. For instance, when the stream of net
benefits changes sign, so that multiple (and
sometimes negative) irrs satisfy equation
(21), it is difficult to interpret the estimated
irrs. An additional complication concerns
an assumption of implicit reinvestment—that
is, in the irr computation of equation (21)
the compounding and discounting procedure
means that the research benefits generated
for each period must be reinvested at the

25 Another issue concerns risk itself. Should the discount rate include a premium to account for the fact that in-
vesting in research is a risky business? Alston et al. (1995) reviewed the arguments, and concluded that public
R&D investments should be evaluated using risk-free discount rates (although the issue of whether R&D leads

to changes in farmers’ risks remains relevant).
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irr rate (Robinson and Barry 1996, Chap-
ters 2 and 3). This assumption is relatively
innocuous for evaluation of private invest-
ments or for public investments yielding
normal rates of return. It is less likely that
the consumers and farmers who are the
beneficiaries from agricultural research can
achieve (private) reinvestment rates of re-
turn that are comparable to the very high
(social) internal rates of return to research
reported in many past studies.

Summary Statistics Adopted in the
Present Study

In this study we have made the following
explicit choices about the summary statistics
to be measured. First, all of the measures are
defined in real (that is, inflation-adjusted)
terms, and so the relevant discount rate is a

real social rate. We used a base rate of 4 per-
cent per annum. Second, we are measuring
the total (or average) returns associated with
Embrapa’s past expenditures on the research
activities in question, rather than marginal
returns associated with incremental changes.
Third, we rely mainly on present value
measures for the reasons described immedi-
ately above, but for comparisons with other
studies various internal rates of return esti-
mates are also reported. These measures are
expressed as (a) present values of benefits
(under various alternative attribution rules),
(b) present values of costs (under various
alternative assumptions), and (c) various
benefit—cost ratios to facilitate comparisons
among centers by expressing measures on
comparable scales.
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Evaluation Elements:
Data Details, Resuits, and Interpretation

varietal improvement research on upland rice, edible beans, and soybeans. Then we pre-

sent estimates of the research benefit and cost streams, and the implied net present values
and other benefit—cost comparisons, highlighting the consequences of attributing benefits to
Embrapa programs and research centers, which are made distinct from benefits attributable
to the research of others.

I n this chapter we first describe the data underlying our economic evaluation of Embrapa’s

Varietal Improvement Research: Institutional Background
Embrapa’s Upland Rice and Bean Research Center (CNPAF) was formally established in
1974. The Rice Research facility became operational in 1974 and the Bean Research facility
one year later. This center is headquartered in Goiania, Goids, with experiment stations located
in Goids, Tocantins, and Mato Grosso (Embrapa-CNPAF various years).

Embrapa’s Soybean Research Center (CNPSo) was formally established in 1975. The
center is headquartered in Londrina, Parand, along with most of the center’s staff, but it also
maintains several outlying experiment stations (Embrapa-Soja, various years). Some CNPSo
staff are also based at and undertake collaborative research with state research agencies in Sdo
Paulo, Minas Gerais, Goias, Mato Grosso, Mato Grosso do Sul, and Rio Grande do Sul, and
also conduct joint research with faculty at some federally funded agricultural universities, es-
pecially those in Rio Grande do Sul, and Minas Gerais (Ayres 1985; Warnken 1999).

In addition to researching soybeans, CNPSo undertakes some research on other oilseeds
(most recently, sunflowers) and wheat. Embrapa’s Cerrado Agricultural Research Center
(CPAC), located about 18 kilometers north of Brasilia, also conducts research related to
soybeans, focusing mainly on soil-management research and some breeding work to
adapt varieties developed elsewhere to local conditions. As one would expect, the focus of the
research varies substantially across centers at any given point in time, and over time for par-
ticular centers.

Soybeans are highly sensitive to day length. Breeding soybeans suitable for the tropics re-
quires modifying the plant’s juvenile period. This involves specifically extending the growth
period before the plant flowers to prevent premature flowering and to avoid the development
of short plants that have lower yields and are not amenable to mechanical harvesting. Varieties
with this trait were developed for the southern United States by breeders from the USDA
and universities of Illinois and Mississippi from research dating back to the 1950s, and this
material and know-how (involving continuing and close collaboration with U.S. scientists
throughout the 1960s and 1970s) became the genetic basis for the take-off of tropical soybean

38
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production in Brazil (Warnken 1999, p. 45).
However, day-length-insensitive varieties
alone were insufficient to spur tropical
soybean production in Brazil. A good deal
of work was also required to develop soil-
management and fertilizer practices that
dealt with the low pH and low fertility of
soils in the Cerrados and to develop vari-
eties that resist a range of pests and diseases,
such as mosaic virus, frogeye leaf spot, stem
canker, and, more recently, cyst nematodes
(Warnken 1999).

It is also important to note that com-
modity characteristics aside from produc-
tivity or yields (the primary focus of this
research effort) guide varietal improvement
research, and that priorities over these char-
acteristics, too, vary over time. When set-
ting the Embrapa upland rice research
agenda, scientists considered various plant
attributes, including disease resistance and
grain quality, as well as changes in these
priorities between the 1980s and 1990s.
The major shift was from a focus on pro-
ductivity issues to one on grain quality; the
development of an upland variety of rice
capable of yielding a longo fino grain with
good cooking quality was central to research
in the 1990s.

Research Partnerships

All Embrapa centers have a broad array of
collaborating organizations, in part because
many of the centers deal with commodities
that are produced and consumed in most
parts of Brazil. For this study, collaborators
were grouped into four broad categories:
various public agencies, local private enti-
ties, international organizations, as well as
Embrapa and a number of universities and
state agencies that collectively are known as
the National Agricultural Research System
(or SNPA, its Portuguese acronym). From
the broad array of Embrapa collaborators we
identified the subset with which Embrapa
centers interact strategically and intensively
in the generation of new seed varieties, and
how this subset changes over time and in re-
sponse to which factors. This subset of key

collaborators varies across centers at any
given point in time, and over time for given
centers for various reasons.

First, Embrapa research centers were
created for essentially the same reasons, but
in different places and at different points
in time. An overarching objective was to
draw together disparate research programs
and researchers within a single agency to
improve the effectiveness of hitherto dis-
parate research activities (Beintema et al.
2001). Some centers were located in tradi-
tional production areas and inherited re-
search facilities, programs, and staff that
were in place long before Embrapa was cre-
ated. Other centers such as the Rice and
Bean Center and the Soybean Center were
created in frontier agricultural areas, hence
requiring the establishment of new research
infrastructure and the recruitment and train-
ing of research staff, although research pro-
grams located in traditional production areas
focusing on these commodities often pro-
vided at least the first groups of core re-
searchers and the first sets of research prior-
ities. These newly founded Embrapa centers
often established their earliest and most in-
tense collaborative links with pre-Embrapa
organizations (for example, the IAC for the
rice and bean center) that continue to carry
on state-level research.

Second, the amount and types of germ-
plasm development undertaken by other
agencies varied substantially among com-
modities and over time, generally in response
to market forces. Private-sector activity in
maize germplasm, for example, started rela-
tively early because of the proprietary nature
of hybrid maize seed, and quickly gained
considerable market share. The same is not
true for private research on upland rice and
edible beans, which continues to rely on
Embrapa as a source for new material and
systematic varietal trials.

Third, links with universities can be
strong, especially when universities are lo-
cated near research centers, and Embrapa re-
searchers teach and supervise theses and dis-
sertations focused on varietal improvement
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research. Fourth, funding cuts at all Embrapa
research stations have provided incentives
to diversify collaborative links and priori-
tize those capable of generating resources
to support research. The private sector has
been targeted and has responded, and all
centers are experimenting with different
modes of collaboration and for sharing of
responsibilities and benefits.

Estimating Research Costs

Research Personnel

Table 4.1 summarizes the changing struc-
ture of the labor used in varietal improve-
ment research, highlighting differences in
the amount and composition of this labor
for the three crops in this study. The entries
in the table represent full-time equivalents

Table 4.1 Labor used in varietal improvement research

Categories 1976 1980 1985 1990 1995 1998
(full-time equivalents)
Upland rice
Research staff 4.8 5.2 6.2 8.3 9.8 8.7
B.Sc. 32 0.2 0.2 0.2 0.1 0
M.Sc. 1.4 44 2.0 32 1.3 1.3
Ph.D. 0.2 0.7 4.1 5.0 6.2 5.2
Technical staff?® 0.0 0.0 0.0 0.0 2.1 2.1
Other labor® 24.6 36 59.7 63.2 58.1 52.1
Total staff 29.4 41.2 65.9 71.6 67.8 60.8
Edible beans
Research staff 4.3 7.8 7.1 7.8 8.7 7.6
B.Sc. 0.8 1.3 0.9 0.1 0.1 0
M.Sc. 34 54 2.7 34 2.3 23
Ph.D. 0.1 1.2 3.6 43 4.5 3.5
Technical staff? 0.0 0.0 0.0 0.0 1.8 1.8
Other labor® 17.2 20 333 37.0 34 30.5
Total staff 21.5 27.8 40.4 44.8 427 38.1
Soybeans
Research staff 9.0 12.0 10.1 15.4 16.4 16.5
B.Sc. 7.5 2.9 0.5 3.6 0.0 0.0
M.Sc. 0.5 6.1 8.2 8.2 11.7 8.5
Ph.D. 1.0 3.0 1.5 3.7 4.7 8.0
Other labor® 22.8 48.0 52.1 98.5 97.1 83.4
Total staff 31.8 60.0 62.2 113.9 113.4 99.9
Research staff as a share of three-commodity total®
(percentages)
Upland rice 26.6 20.8 26.4 26.4 28.0 26.4
Edible beans 23.8 31.2 30.4 24.7 24.9 23.2
Soybeans 49.6 48.0 43.1 48.9 47.0 50.4

Source: Authors’ calculations drawing on unpublished Embrapa data files.

2 Includes TNS (superior level technicians) and T. Esp (specialized technicians), who are not formally
classified as Embrapa researchers but effectively perform as such.

b Includes field workers, laboratory staff, administrative staff, and other support staff. We assumed the
ratio of graduate-degree researchers engaged in varietal improvement research relative to the total num-
ber of full-time equivalent researchers with either M.Sc. or Ph.D. degrees was also representative of the
deployment shares of “other labor.” Thus we allocated the other-labor totals to the respective crop im-
provement programs by multiplying these totals by the corresponding shares of graduate researchers.
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(FTEs); they exclude the time that many
scientific staff spent on research not directly
related to crop improvement.

First, consider the total time of scien-
tific and technical staff combined. In 1976,
roughly equal amounts of research staff
were devoted to rice and beans, while there
were about twice as many researchers dedi-
cated to improving soybeans as for each of
the other two crops. In 1998 the relative
sizes of these three crop improvement pro-
grams in terms of the number of researchers
(plus technical staff) was essentially un-
changed although the size of all three pro-
grams had grown quite considerably (from
a three-crop total of 18.1 FTE researchers in
1976 to 32.8 FTEs in 1998).

The composition of the crop-improve-
ment staff has also varied among the crops,
as well as over time for particular crops. In
1998, the ratio of support to research staff
was higher (6.2 support staff for every sci-
entific FTE) for rice than for beans (4.7)
or soybeans (5.4 support staff per FTE re-
searcher). The breeder versus nonbreeder
composition of the scientific staff has also
varied among crops and over time. In more
recent years, the development of new crop
varieties within Embrapa has involved a sig-
nificantly higher ratio of breeders to other
scientific and technical staff for soybeans
and rice than for beans.

These differences in the relative amounts
and composition of scientific and technical
support staff may reflect substantive dif-
ferences in the types of research required in
developing new crop varieties. For example,
compared with breeders, the numbers of
agronomic, entomological, plant pathology,
and other such scientific staff have been
more important for edible beans than for
upland rice and soybeans. These latter two
crops use breeders more intensively in their
crop improvement programs. Whatever the
reasons for the differences, for management
purposes it is surely worth more assess-
ment, not least because these staffing differ-
ences result in significant differences in the
costs of research.

Cost Streams

From 1976 to 1998 there was a general
upward trend (with higher rates of growth
for soybeans than for upland rice and edible
beans), but with some variation around this
trend. Moreover, investment in crop im-
provement research declined for all three
crops after 1996. In present value terms,
summing from 1976 to 1998, $61 million
(1999 prices) was invested in varietal im-
provement research related to soybeans,
about twice the present value of investment
in the same research done for beans and
substantially more than the $48.5 million
invested in rice. This investment in crop-
improvement represents about one quarter
of the total research investment in edible
beans and soybeans and more than one third
of the total investment in rice-related re-
search (Appendix A). Factoring in a share of
the costs incurred by Sede (Embrapa head-
quarters) and CENARGEN as a kind of
institutional overhead (see Chapter 3 for
additional discussion) gives an augmented
crop-improvement cost series that is 38 per-
cent higher than the corresponding baseline
costs (which only include costs managed
directly by the respective Embrapa centers)
for edible beans, 27 percent higher for up-
land rice, and about 36 percent higher in the
case of soybeans.

The composition of crop-improvement
expenditures varies among the crops and
within a crop over time. Averaging over
1976-98, soybean research was more labor
intensive (87 percent of total costs) than
research on the other two crops (75 per-
cent for edible beans and 83 percent for
rice), although for all three crops there was
a general tendency for the share of labor in
total research costs to creep up over time.
By construction the annualized series of
user costs of capital created for this study is
less volatile than the underlying outlays
on capital items, and averages between 3
and 17 percent of total costs over 1976-98.
A significant amount of year-on-year vari-
ability stems from fluctuations in opera-
tional costs, typically a cost category that is
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Figure 4.1 Expenditures on crop improvement research, 1976-98

Thousands 1999 U.S. dollars

5,000

4,500 [

Soybeans
4,000
3,500

Upland rice
3,000 -

2,500
2,000

1,500 - Tt
Edible beans

1,000

500

0 1 1 1 1 1 1 1 1 1 1 1 1
1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998

Source: Authors’ calculations.
Note:  Costs are specific to the respective centers (CNPAF for rice and edbible beans, CNPSo for soybeans) and
do not include a prorated share of Sede and CENARGEN costs.

trimmed as budgets become tight and grows 75 new edible bean varieties were released
disproportionately when funds are more in Brazil from 1984 to 1999 (an average of
plentiful. 4.7 varieties per year), and only 35 new up-

land rice varieties from 1976 to 1999 (an
average of 1.5 varieties per year).

Estimating Embrapa varieties accounted for the
Research Benefits lion’s share (77 percent) of all upland rice
varieties released in Brazil between 1976

Varietal Development Trends and 1999 (Table 4.2 and Figure 4.2). Em-
To illustrate the role of Embrapa research brapa has played a less pivotal role in Brazil
in the context of varietal-improvement re- when it comes to edible bean and soybean
search more generally, we sought to com- releases. Less than 30 percent of the bean
pile data on all the varieties released since varieties came from Embrapa and only 37
1976 (from all sources, be that Embrapa or percent of the soybeans. About one third
otherwise), but we were successful in doing of the bean varieties were released by other
so only for upland rice and soybeans. For public research agencies, mostly state pub-
edible beans we could compile these data lic institutions such as EMGOPA (Goias)
only for varieties released since 1984. and EPAMIG (Minas Gerais), as well as
Table 4.2 summarizes key elements of research and extension agencies such as
these data, which reveal significant differ- EMPAER (Mato Grosso and Mato Grosso
ences among the crops we studied. The rate do Sul). About one-quarter of the edible
of varietal release was highest for soybeans bean varieties were local releases of inter-
(a total of 330 varieties from 1976 to 1998, nationally developed varieties (principally

averaging 13.8 varieties per year). A total of bean varieties developed by CIAT, which is
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Table 4.2 Summary of varieties released

Number of varieties

Average Share 1991-99 share
Crop/Institution Period Total per year of total of period total
(count) (percentage)
Upland rice® 1976-99
Embrapa (CNPAF) 27 1.13 77.1 55.6
Cooperative system 6 0.25 17.1 83.3
IACP 2 0.08 5.7 0.0
Total 35 1.46 100.0 57.1
Edible beans® 1984-99
Embrapa (CNPAF) 20 1.25 26.7 72.7
International Agencies 18 1.13 24.0 38.9
Other Public 27 1.69 36.0 60.0
University 3 0.19 4.0 66.7
Private 7 0.44 9.3 57.1
Total 75 4.69 100.0 58.7
Soybeans 1976-98
Embrapa? 122 5.08 37.0 66.4
Other public 36 1.50 10.9 333
University 17 0.71 5.2 29.4
Private 152 6.33 46.1 56.6
Others 3 0.13 0.9 0.0
Total 330 13.75 100.0 55.8

Source: Authors’ calculations based on own survey data and CNPAF (1974-93, 1994-2000), Embrapa and
OCEPAR (not dated), Embrapa (various years), Embrapa (2000a—f), Martinez and Cuevas-Pérez (1995),
Ministério da Agricultura e do Abastecimento (2001), and Voysest (2000).

4 CNPAF produced the only upland rice variety released in Brazil in 2000.
b TAC indicates Agronomic Institute of Campinas.
¢ There were no edible bean varieties released in Brazil in 2000. Two new varieties were released in

2001, both developed by CNPAF.

4 Of the 122 varieties released by Embrapa, CNPSo released 121 varieties and CPAC only 1 variety.

based in Colombia but had a continuing
research presence at CNPAF by way of an
outposted crop breeder from 1982 to 1996,
and continuing with the same breeder on a
contract basis via CIAT since then).?° Less
than 10 percent of the bean releases came
from the private sector. In contrast, private
firms played a significant role in the devel-
opment of soybean varieties. Nearly half

the releases in Brazil from 1976 to 1999
came from the private sector, with a notable
but more limited role played by other public
agencies and, as for all the other crops in our
study, a comparatively minor role for the
universities.

Figure 4.2 illustrates the sizable year-to-
year variation in the rate of varietal release
and the changing institutional roles, under-

2The French agency Centre de Coopération Internationale en Recherche Agronomique pour le Développement
(CIRAD) has also maintained a continuous presence in Brazil for the past 20 years or so, involving a number of
scientists (but typically only one at any point in time) covering a range of scientific specialties related to rice
research. At the time of this study, one economist from CIRAD was located at CNPAF in Goiania.
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Figure 4.2 Annual varietal releases in Brazil
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scoring the requirement for taking a longer-
run perspective to understand these devel-
opments properly. For upland rice, edible
beans, and soybeans, more than one half
of the varieties in our totals were released
during the 1990s. The general longer-run
tendency has been for an increase in the an-
nual rate of varietal release for upland rice,
and especially soybeans, although the an-
nual rates of release for both upland rice and
edible beans declined in the past few years.
The institutional shares of releases for any
single year are not generally representative
of any other period for any of the crops.

Varietal Adoption Patterns
Counts of varietal releases are a very tan-
gible measure of research output, but give

1983 1986 1989 1992 1995 1998

no real indication of economic impact.
For a variety to have any economic conse-
quences, it must be adopted either directly
by farmers, or indirectly as an input into
the development of commercially success-
ful releases made by other agencies. The
area sown to a particular variety in a par-
ticular year is a good measure of the rate
of adoption by farmers, and a key element
of our efforts to quantify the impacts of
Embrapa research. Unfortunately, despite
considerable effort, we had only partial
success in compiling area-by-variety data
for the three crops in this study. The area-
by-variety adoption data we developed
represent an improvement over previous
efforts. Nevertheless the data are incom-
plete, and the questionable accuracy of
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Figure 4.2—Continued
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Note:  For the sake of clarity, the vertical axis in panel ¢ was truncated at 30 varieties. Number of soybean
varieties released in 1996 was 31, 39 varieties in 1997, and 47 varieties in 1998.

some of the area-by-variety estimates
remains a real constraint to the entire eval-
uation exercise.

Our objective was to estimate the area
sown to each of the principal varieties of
each crop in the main crop-producing
states for the post-1975 period, recogniz-
ing that complete details would not be
available on all varieties grown in every
state in every year. Neither Embrapa nor
any other federal or state agency in Brazil
maintains a statistically sound series of data
on area-by-variety. We used the available
seed production data and our own recall sur-
veys to compile such data, recognizing that
each of these measurement methods has its
own limitations.

Translating the amount of seed pro-
duced in each state in each year to an esti-

mate of the area sown to a specific variety
is fraught with problems. First and fore-
most, not all seed is grown commercially
in the state in which it is produced—often
seed is shipped in from other regions in
Brazil or from other countries where it is
produced off-season or in areas free from
pests and diseases. In addition, using aver-
age seeding rates and seed production
data to estimate the area sown to a particu-
lar variety abstracts from any variation in
sowing rates among states as well as pro-
duction systems within a state (for exam-
ple, seeding rates may be higher for irri-
gated compared with rainfed agriculture).
Another significant difficulty concerns the
use of saved seed by farmers. For crops
such as upland rice, edible beans, and soy-
beans, the use of saved seed can be signif-
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icant and varies from season to season and
across locations and production enter-
prises. Input-intensive commercial grow-
ers are more likely to change their seed
stock frequently (perhaps annually) com-
pared with subsistence or less input-inten-
sive producers. Moreover, some traditional
varieties have persisted in some locations
for decades, and the use of these varieties
would not be revealed when commercial
seed production data are used to estimate
the area sown to specific varieties.?”

The limited availability of seed produc-
tion data is another real constraint—for up-
land rice and edible beans it was typically
available for only a few years in the late
1990s and for a few states, and for soybeans
we could obtain sufficiently long time series
of data only for two states (Rio Grande do
Sul and Mato Grosso). For these reasons
we opted to conduct our own survey. Vari-
ants of this survey form were used for each
of the crops in our study. Survey forms were
distributed to respondents deemed to be
knowledgeable about varietal areas for a
particular crop within a specific state, in-
cluding Embrapa researchers as well as
researchers from state agencies and uni-
versities and selected extension workers.
With considerable help from colleagues at
CNPAF we distributed about 30 rice sur-
veys and 40 bean surveys, and in collabora-
tion with colleagues at CNPSo 30 soybean
surveys were mailed out. Despite extensive
follow-up efforts, conducted intensively over
a period of six months, we received only
two replies for soybeans. A total of nine
responses were obtained for beans and six

for rice. Table 4.3 summarizes the sources
and coverage of the area-by-variety data we
compiled.

Figures 4.3 to 4.5 plot the area-by-variety
for upland rice, edible beans, and soybeans
for selected key varieties for the main states
for which we have data. They reveal a
complex, location-specific, and time-varying
pattern, from which few generalizations are
possible. In 1986, several varieties devel-
oped by Instituto Agrondmico de Campinas,
TAC?8 (specifically IAC 25, 47, 164, and
165) were the among the most widely
planted varieties in all eight states for which
we have upland rice data; accounting for
more than 40 percent (a total of 1.73 million
hectares) of the area sown to upland rice in
five of those states. By 1999, we estimate
these rice varieties occupied only 50,780
hectares and were of commercial signifi-
cance (that is, grown on at least 10 percent
of the area under upland rice) in only two
states. Interestingly, JAC 47, the most widely
planted upland rice variety in five of the
seven states in 1986, was released 15 years
earlier, in 1971. Caiapd, the most widely
planted variety in five of eight states in 1999,
accounting for a total of nearly 234,000
hectares, was released only seven years
earlier, in 1992.

As in the case of upland rice, it appears
that only a few varieties of edible beans had
wide appeal to farmers. In 1985, Carioca (a
local variety of unknown origin that was
purified and officially released by IAC in
1969) was the most widely planted variety
in all nine states for which we have data,
and continued to be the most widely (or sec-

27For example, traditional varieties such as Lajedo and Palha Murcha accounted for an estimated combined total
of around 14 percent of the area sown to upland rice in Maranh@o but were absent from the available seed pro-
duction data. In addition, the rice variety CIRAD 141 (developed by the French research agency CIRAD) was not
registered as an officially released variety in Brazil and therefore does not appear in the official seed production
statistics—although it was widely used (for example, according to our estimates occupying up to 60 percent of

the upland rice area in Mato Grosso during the 1990s).

28]AC is a state public research agency located in Campinas, Sdo Paulo that has been operating since June 1887.
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Table 4.3 Area-by-variety data sources

Production
Commodity States share? Years included Notes
Upland rice GO, MA, MT, 82 Every two years, All estimates are based on elicited
MG, PA, PR, 1975-2000 survey returns obtained from
PI, RO, TO knowledgeable scientists at Embrapa
Rice and Bean (CNPAF) and from
various other experts. A total of
6 individuals provided usable responses.
Edible beans BA, DF, GO, 80 Every two years, All estimates are based on elicited
MG, MT, PR, 1975-2000 survey returns obtained from
RO, SC, knowledgeable scientists at Embrapa
TO, SP Rice and Bean (CNPAF) and from
various other experts. A total of
9 individuals provided usable responses.
Soybeans PR, GO 34 Every year, Estimates are based on elicited
1975-1998 survey returns obtained from both
knowledgeable scientists at Embrapa
Soybean (CNPSo) and from various
other experts. A total of two provided
usable responses.
MT, RS 44 Every year Estimates based on seed production

1980-2000 (MT)
1973-2000 (RS)

data provided by Embrapa Wheat
(CNPT) for Rio Grande do Sul and by
Embrapa Agriculture West (CPAO) for
Mato Grosso.

Source: Compilation of survey returns and LSPA (2001).

2 Indicates the share of 1998 national production represented by states for which area-by-variety data

are available.

ond most widely) planted variety in seven
states in 1999. The continuing dominance of
a few key varieties throughout the latter half
of the 1980s and the 1990s is a feature of
both rice and beans (Carioca and Pérola
for beans and Caiapé and Guarani for up-
land rice). However, farmers seem to use a
greater mix of varieties for beans than for
upland rice; perhaps this is a reflection of
the greater total number of bean varieties re-
leased since the mid-1980s, combined with
a persistence of traditional varieties in states
such as Bahia (which accounted for 17 per-
cent of total Brazilian area sown to edible
beans in 1997), where such varieties still
accounted for over 60 percent of the area
under edible beans by the late 1990s.

We developed area-by-variety estimates
for four states that in 1998 accounted for a
combined total of 76 percent of the 10.04
million hectares sown to soybeans through-
out Brazil. About 94 percent of Brazil’s
1960 soybean area was in the southern state
of Rio Grande do Sul, but by 1998 this state
accounted for only 24 percent of the total.
The states of Goias and Mato Grosso (both
located in the Cerrados) and Parana (an-
other southern state) are now also important
soybean producers, in 1998 accounting for a
combined total of 51 percent of Brazilian
soybean area. The pace of varietal turnover
seems higher for soybeans than it was for ei-
ther upland rice or edible beans. In Goids,
Parana, and Mato Grosso, none of the
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Figure 4.3 Varietal adoption patterns for upland rice, various states
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Figure 4.3—Continued

¢. Rondonia
(percent)

h. Parana
(percent)

1 1

100
90
80
70
60
50 |
40
30
20
10

0

1 1 1 1 1

1988 1989
D Caiap6

1990 1991

i. Minas Gerais
(percent)

[ Maravilha
| Araguaia = Guaporé

1981 1983
[CJ1AC 164
[ 1ac 47

1992 1993 1994 1995 1996 1997

O cIRAD 141 [ Rio Parandiba
| Xingu [ Other varieties

90
80
70
60
50
40
30
20
10

0 . .

1 1 1 1

1986 1988 1990
O Caiap6
B canastra [ 1AC 25

[ confianca Carajas

1982 1994 1996

1 Guarani
B 1ac47 [ other varieties

1998

soybean varieties that predominated in the
mid-to-late 1970s did so in 1998. In 1998,
the top three varieties in Goids and Mato
Grosso were released only two or three
years earlier, and in Parand, the top three
varieties were all released in the 1990s.
Comparing rice and beans, we noted an
apparent inverse relationship between the
number of varieties released and the con-
centration of varietal use. The soybean data
add support to this general notion—many
more varieties were released for soybeans
than for either edible beans or upland rice

1 1 1 1 1 1

1985 1987 1989 1991 1993 1995 1997

1 1APAR 63 3 Guarani [ 1APAR-09 I 1AC 25
[ EEPG 369 L 1AC 1246 [ Other varieties

over the past few decades, and soybeans had
a generally more diverse pattern of varietal
use. In 1999, the top five soybean varieties
accounted for only 62 percent of the area
sown to soybeans in Goids and 48 percent in
Parand, compared with generally higher de-
grees of varietal specialization within states
for beans and rice.

Varietal Yield Performance

Our approach for developing an index of va-
rietal improvement requires a complete
set of observations on experimental yields



50

CHAPTER 4

Figure 4.4 Varietal adoption patterns for edible beans, various states
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Figure 4.4—Continued
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Source: Authors’ calculations based on area-by-variety estimates obtained from experts’ elicitation questionnaires.

for each of the years in which a variety was
in commercial use. To take account of site-
specific differences in varietal performance
we conducted the analysis at the state level.
Absent complete data on the experimental
yields of every adopted variety for each
state for each year, we used the regression
model described by equation (6) to compute
fitted values for the experimental yields of
each adopted variety at each experimental
site in each year, using equation (7). Then

state-level fitted values were derived as an
average of site-specific values across all the
sites within each state.

Table 4.4 summarizes the data set used
in our regression analysis. It details the
years for which experimental yield data
were observed, the year in which each
variety in the sample was released (that is,
the vintage year), the number of trial loca-
tions and varieties included, and the total
number of observations in each regression



Figure 4.5 Varietal adoption patterns for soybeans, various states
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Table 4.4 Overview of data and goodness-of-fit for regression models

Upland rice Edible beans Soybeans
Years of trials 1984-99 1985-89 1976-78
1991-99 1980-97
1999
Year of release 1971 1984-94 1965-67
1974 1996-97 1969
1983 1972-73
1985-89 1976-77
1991-93 1979-85
1996-97 1987-93
1999 1995-97
Number of trial locations 66 110 124
Number of varieties 29 73 72
Number of observations 1,680 2,281 1,673
Adjusted R? 0.39 0.54 0.48
Joint tests of significance [F values (degrees of freedom)]
Variety dummies (DV)? 1.53 1.66 2.10
(13, 1570) (50, 2092) (46, 1458)
Year-of-release dummies (DA) 1.04 2.00 4.77
(15, 1570) (14, 2092) (25, 1458)
Site dummies (DS) 11.46 17.32 5.41
65, 1570) (108, 2092) (122, 1458)
Trial year dummies (D7) 15.03 8.01 6.48
(15, 1570) (13, 2092) (20, 1458)

Source: Author’s calculations.

Note:  The figures in this table refer to estimation of the model represented by equation (6) in the text.
2 Numerator degrees of freedom are less than numbers of released varieties, as some varieties
were unavoidably omitted from the regression to avoid the dummy variable trap.

model. Dummy variables were created to
represent effects for each variety, trial year,
year of release (that is, vintage year), and
experimental site. A continuous variable,
commercial yield for each state in each
year, was used to capture local weather ef-
fects. Separate experimental yield models
were run for upland rice, edible beans, and
soybeans, respectively. The fitted models
accounted for a sizable share of the ob-
served variation in experimental yields (the
“goodness-of-fit” as indicated by the co-
efficient of determination, or R?, adjusted
for degrees of freedom was 0.39 for upland
rice, 0.54 for edible beans, and 0.48 for
soybeans). The low R? values may raise
doubts about the precision of the estimates
of benefits derived from the regression re-

sults. In the evaluation of benefits we are
measuring the difference in yields between
varieties, so the precision of the estimates
of benefits is more dependent on the preci-
sion of the estimated varietal coefficients
than on the overall goodness of fit. A series
of F-tests revealed that the set of dummy
variables for varieties jointly contributed
significantly to the experimental regres-
sions for soybeans and edible beans; simi-
larly for year-of-release, site, and trial. For
upland rice, varieties were jointly signifi-
cant at the 10 percent level and year-of-
release was not significant. In most cases
the level of significance was 1 percent or
better. Moreover, the #-values indicate that
the relevant coefficients were estimated
with reasonable precision.
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Using the estimated parameters, the 1998. Panel b plots various state-level soy-
models were used to generate state-specific bean yield estimates:
fitted values of experimental yields for each o Average industry yields obtained from
variety. Panel a in Figure 4.6 illustrates the the Brazilian statistical agency IBGE
profiles of fitted experimental yields for four e Average experimental yields, represent-
of the most widely planted varieties of soy- ing an arithmetic average of the experi-
beans in the state of Parand from 1981 to mental yields of 50 soybean varieties

Figure 4.6 Experimental yield estimates
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for 22 trial locations in Parana (noting
that the number of trial sites varies
from year to year, and typically is
around 13 sites).

e Average fitted yields, representing a
simple average of the fitted experimen-
tal yields for 50 soybean varieties in
each of the 22 trial sites for each year

e Weighted average fitted yields, repre-
senting a weighted sum of the fitted
experimental yields using the actual
harvested area shares of each variety
as the weights (that is, the actual yield
performance, Y¢, computed using equa-
tion [1] from Chapter 3).

As one would expect, the fitted experi-
mental yields were higher than the corre-
sponding commercial yields: fitted experi-
mental yields averaged 709 kg per hectare
more than industry yield from 1981 to
1998, with the difference being a little less
in the 1990s (695 kilograms per hectare) than
the 1980s (723 kilograms per hectare). There
were also substantial differences in the rate
of change in yields; industry yields grew by
1.68 percent per year from 1981 to 1998,
compared with 1.22 percent per year for the
weighted, fitted experimental yields. During
the 1980s, industry yields grew by 1.06 per-
cent per year while weighted, fitted experi-
mental yields virtually stagnated. Industry
yields continued to grow during the 1990s
(at 2.75 percent per year), but weighted ex-
perimental yields grew even faster, albeit
erratically, at an average rate of 4.76 percent
per year for the period.

Differences in weighted-average, fitted
experimental yields, with and without vari-
etal change, provide the basis for estimating
the benefits from varietal change. Panels a—
in Figure 4.7 plot estimates of the propor-
tional shift in the industry supply of upland
rice, edible beans, and soybeans, respec-
tively. This supply shift was estimated using
a counterfactual alternative of no varietal
change since a reference or base year (which
was 1985 for edible beans, 1984 for upland
rice, and 1981 for soybeans), such that k=

(Ya - Yr’t7 )/ Y< based on the counterfactual
index of experimental yields, Yr’t’ (that is,
assuming the pattern of varietal use ob-
served in the base year for each state re-
mained unchanged over the subsequent
years), and the actual index of experimen-
tal yields, Y% (that is, using the actual
pattern of varietal use).

There are substantial differences among
states in the patterns of supply curve shifts
for each crop, reflecting local differences
in the performance of each variety and the
changing mix of varietal use over time.
Clearly using a national average would not
be representative of the pattern of change in
any particular state. Looking in more detail
at each crop, there is some similarity in the
patterns of supply shifts for upland rice in
the states of Goidas, Tocantins, and Mato
Grosso, bounded by the states of Maranhao
and Parand with substantially larger reduc-
tions in unit costs, particularly during the
1990s, and RondoOnia with a much lower
rate of reduction in the unit cost of produc-
ing upland rice.

For edible beans, the shift to new vari-
eties, compared with a counterfactual of no
varietal change since 1985, resulted in sim-
ilar unit cost reductions by the late 1990s in
the states of Goias, Parana, Minas Gerais,
and Bahia, although the pattern of cost re-
ductions for the intervening years was quite
different. The cost of producing edible beans
in Santa Catarina has changed little over
the years: reflecting the absence of much
change in varietal use, Carioca remained
the single most important variety, occupy-
ing about one third of the edible bean area
for the entire period of our study.

The unit cost of producing soybeans
generally declined faster as a result of vari-
etal change than did the unit cost of produc-
ing upland rice and edible beans (k , values
in the 8 to 14 percent range in 1998 for soy-
beans compared with 3 to 9 percent for up-
land rice, and only 1 to 7 percent for edible
beans). Varietal changes had the biggest im-
pact on production costs in Parand, where
they declined by an average of 12.3 percent
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Figure 4.7 Proportionate shifts in supply (k) for various states and various crops
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per year. Costs declined by 8.2 percent per
year in Rio Grande do Sul, the state where
93 percent of Brazil’s entire soybean crop
was grown in 1960; 78 percent of total pro-
duction in 1998.

Benefit Measures and

Their Attribution

Supply shift estimates, k , illustrated for
selected states in Figure 4.7, in conjunction
with world market prices for 1999 (expressed
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Table 4.5 Present value of benefits from varietal improvement research in Brazil

Total benefits

All credit to last cross

Geometric rule

from Not
varietal change partitioned  Partitioned partitioned Partitioned
(thousands 1999 U.S. dollars)

Upland rice

Enhancing yield 1,683,861 1,201,092 642,020 611,387 326,265

Improved grain quality 232,879
Edible beans 677,538 328,443 212,634 221,232 144,172
Soybeans 12,473,825 5,022,045 4,472,371 2,901,042 2,626,328
All three crops 14,835,224 6,551,580 5,327,026 3,733,661 3,096,765

Source: Authors’ calculations.

Note:  Stream of benefits discounted using a 4 percent rate of interest. “Not Partitioned” indicates full credit
was given to Embrapa for varieties it developed alone or jointly with others. “Partitioned” indicates Em-
brapa was given partial credit for varieties developed jointly with others. The present value of benefits
from varietal change includes a stream of benefits from 1984 to 2003 for upland rice; 1985-2003 for

beans; and 1981-2003 for soybeans.

in U.S. dollar terms) and the annual quantity
produced of each crop in each state, Q,,
were used to estimate a stream of total ben-
efits from improved varieties. The benefit
streams represent the additional value of
production attributable to the release and
adoption of any and all new varieties (such
that B, =k P Q _, where P is the price used
to value the state specific-output, Q).

The left-hand column of data in Table
4.5 includes various summary estimates of
the total national benefits for each crop.?®
The national total was formed by first
summing the benefits across nine states
for upland rice, representing 82 percent of
Brazilian production in 1998; ten states for
edible beans, accounting for 80 percent of
output in 1998; and four states for soybeans,
which produced 78 percent of Brazil’s total
output in 1998. Then, taking developments
in these states to be representative of devel-
opments elsewhere in Brazil, the multistate

totals were recalibrated on a year-by-year
basis to generate a national total according
to their corresponding share of Brazilian
production.

We estimate the total benefit to Brazil
from yield-improving varietal changes in
upland rice from 1984 to 2003 was $1.68
billion, representing 3.8 percent of the
present value of total production over the
entire period, expressed in 1999 currency
values.>® The benefits attributable to im-
provements in the quality of upland rice
were estimated to be $232 million. These
both represent upper-bound estimates of
the benefits attributable to Embrapa, some
of which are attributable to the efforts of
others. The total benefits from adopting
new, higher yielding edible bean varieties is
estimated to be $678 million (1.73 percent
of the present value of production for the
corresponding period) while the use of
improved soybean varieties was worth an

29T this table, and others to follow, for didactic reasons benefit estimates have not been rounded, which is not

meant to imply any false precision.

30Direct estimates of the benefits from varietal change in upland rice were estimated for the period 1984-99 (and
from 1985 to 1998 for edible beans, and 1981-98 for soybeans). To obtain a better temporal match between the
annual stream of research benefits and costs (which were from 1976 to 1998), benefits for 1998 were projected

forward (unchanged) to 2003 in each instance.



58 CHAPTER 4

estimated $12.8 billion to Brazil, which rep-
resents nearly 8 percent of the $159 billion
present value of production.

Comparing Research Costs and
Overall Benefits
These total benefit estimates do not take
account of differences in the size of the re-
search effort that helped bring them about.
Three indicators that normalize benefit esti-
mates in terms of the research resources
giving rise to them are presented in Table
4.6. One divides the present value of bene-
fits by the corresponding present value of
the costs of varietal improvement research
incurred by the rice and bean programs
at CNPAF and the soybean program at
CNPSo. These baseline costs include the
costs of all the research and support staff
involved in crop improvement research
(that is, crop breeders as well as the appro-
priate shares of agronomy, plant pathology,
entomology, and other scientific staff) and
the associated capital and operational costs.
However, because of budgeting and institu-
tional divisions of responsibilities within
Embrapa, the costs that show up in center
budgets are not a full accounting of all the
crop-improvement costs incurred by Em-
brapa. Some of the relevant costs are bud-
geted against Embrapa headquarters, Sede.
In addition, some of the costs incurred by
the prebreeding and other biotechnology
activities undertaken by CENARGEN can
be considered a form of “overhead” cost to be
charged against the crop-improvement re-
search undertaken at the respective centers.
The augmented cost series includes center-
specific costs to which have been added a
suitable share of Sede and CENARGEN
costs in an effort to match the benefit stream
more closely to the total crop-improvement
costs incurred by Embrapa.3!

Although we sought to obtain benefit es-
timates that represented the gains attributa-
ble solely to varietal improvement research,

this research is done in the context of a more
comprehensive program of crop improve-
ment R&D, the intent of which is to develop
technologies such as improved methods of
controlling pest and diseases, new fertilizer
options, and various other crop manage-
ment techniques that complement the
breeding effort. Thus the varietal improve-
ment research draws from and in turn af-
fects the overall crop research agenda, and
so a useful additional perspective is gained
by normalizing the benefits arising from
varietal change by the overall costs of re-
search on each crop.

Typically, it is the time and skill of the
senior scientific staff that constitute the most
critical and binding constraints to research.
To capture this aspect when comparing
among programs of research we expressed
the present value of benefits relative to the
total number of full-time equivalent re-
searchers engaged in crop-improvement
research over the period 1979-98.

According to the benefit—cost criterion,
an investment is profitable if its benefit—
cost ratio is greater than 1. On this score all
three crop-improvement programs have
been remarkably profitable, whether one
takes a narrow (that is, baseline) or broader
(that is, augmented) measure of costs. For
every dollar invested by Embrapa in devel-
oping new upland rice varieties, between
27 and 35 dollars of benefits have accrued
to Brazil (left-hand data column, Table 4.6),
and 149 to 204 dollars of benefits for every
dollar invested in soybean research by Em-
brapa. Even edible bean research, the least
profitable of the three programs evaluated
in this study, generated between 15 and 21
dollars of benefits for every dollar invested
by Embrapa in breeding new varieties for
this crop.

The benefits arising solely from im-
proved crop varieties were more than suffi-
cient to offset the entire costs of each crop
research program. Even after augmenting

31Chapter 3 and the earlier parts of Chapter 4 describe how we estimated these costs.
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Table 4.6 Normalized research benefits

All credit to last cross Geometric rule
Total benefits
from Not Not
Indicators varietal change partitioned Partitioned partitioned Partitioned

(benefit per unit cost)
Benefits/crop improvement cost

Upland rice
Enhanced yield
Baseline 34.7 24.8 13.2 12.6 6.7
Augmented 27.3 19.5 10.4 9.9 53
Improved grain quality
Baseline 4.8
Augmented 3.8
Edible beans
Baseline 20.8 10.1 6.5 6.8 4.4
Augmented 15.1 7.3 4.8 4.9 32
Soybeans
Baseline 204.4 82.3 73.3 47.5 43.0
Augmented 149.3 60.1 53.5 34.7 314
All three crops
Baseline 104.4 46.1 37.5 26.3 21.8
Augmented 78.1 34.5 28.0 19.7 16.3
Benefits/total crop research costs
Upland rice
Enhanced yield
Baseline 12.6 9.0 4.8 4.6 24
Augmented 9.2 6.5 35 33 1.8
Improved grain quality
Baseline 1.7
Augmented 1.3
Edible beans
Baseline 5.1 2.5 1.6 1.7 1.1
Augmented 3.7 1.8 1.2 1.2 0.8
Soybeans
Baseline 54.7 22.0 19.6 12.7 11.5
Augmented 39.6 16.0 14.2 9.2 8.3
All three crops
Baseline 30.0 13.2 10.8 7.5 6.3
Augmented 21.8 9.6 7.8 5.5 4.5
(thousands 1999 U.S. dollars)
Benefits/FTE
Upland rice
Enhanced yield 11,230 8,011 4,282 4,078 2,176
Improved grain quality 1,553
Edible beans 4,456 2,160 1,398 1,455 948
Soybeans 42,603 17,152 15,275 9,908 8,970
All three crops 24,942 11,015 8,956 6,277 5,206

Source: Authors’ calculations.

Note:  Stream of benefits discounted using a 4 percent rate of interest. FTE refers to the average annual Full Time Equivalent number of re-
searchers between 1976 and 1998. “Not Partitioned” indicates full credit was given to Embrapa for varieties it developed alone or
jointly with others. “Partitioned” indicates Embrapa was given partial credit for varieties developed jointly with others. The present
value of benefits from varietal change includes a stream of benefits from 1984 to 2003 for upland rice; 1985-2003 for beans; and
1981-2003 for soybeans.
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the overall cost of each of the crop programs
with Sede and CENARGEN overhead costs,
there was more than $9 of benefits from just
the improvements in rice varieties alone for
every dollar spent on the entire upland rice
research program, nearly $4 of benefits for
each dollar spent on edible beans research
and $40 for soybeans.

The figures on benefits per year of full-
time equivalent (FTE) researchers pre-
sented in the bottom panel of Table 4.6 are
also impressive. Since 1981, for every FTE
researcher-year engaged in soybean im-
provement research at CNPSo, $42.6 mil-
lion of total benefits resulted from varietal
changes in soybeans. This compares with
$11.2 million and $4.5 million of benefits
per FTE researcher-year for upland rice and
edible beans, respectively. These are a meas-
ure of the average total benefits per FTE
researcher-year. They should not be inter-
preted as implying that the benefits were all
attributable to the labor of researchers. Nor
do they mean that an incremental researcher,
with or without corresponding increases in
other research inputs, would have generated
a corresponding marginal benefit.

Attributing Benefits

Our task was to develop methods for
meaningfully comparing the economic con-
sequences of Embrapa’s research programs,
using the varietal improvement research
conducted by the upland rice, edible bean,
and soybean programs as a basis for pilot-
testing this method. Having identified the
total benefits attributable to the develop-
ment and use of new varieties, in ways that
abstract from all other changes that may af-
fect industry yields, many of which are not
related to research, and others not directly
the consequence of varietal changes, is a
major step in the right direction. Normal-
izing these total benefits for differences in
the respective sizes of the crop-improvement
programs provides an even better basis for
comparison. However, as described in
Chapter 2, Embrapa is but one of the myr-
iad and changing sources of agricultural in-

novation in Brazil. A host of other research
is done by state, university, and private
agencies within Brazil and a good deal of
technology stems from research done else-
where in the world that spills in to Brazil.
The critical remaining task, therefore, is
to estimate the share of roral benefits from
varietal improvement research attributable
to the efforts of Embrapa versus the efforts
of others. It would plainly be inappropriate
to attribute the total benefits from varietal
change to Embrapa alone, but what share of
the total benefits is properly credited to Em-
brapa? As discussed in Chapter 3, and earlier
in the present chapter, one way of attribut-
ing benefits among the agents of innovation
is to give all the credit for a new variety to
the agency (or individual researcher) that
performed the last cross. But this gives an
incomplete picture of the source of the ben-
efits, given the cumulative nature of crop
breeding. Figure 4.8, a partial pedigree for
the variety MG BR 46 (also known as Con-
quista), illustrates the issue. Conquista was
released by CNPSo in 1995 and by 1998
accounted for one fifth of the soybean area
in Goids. Although CNPSo also developed
both parents of this variety, virtually all the
grandparents, great-grandparents, and great-
great grandparents were developed in the
United States. Beginning in the 1950s, a
substantial amount of innovative breeding
by USDA researchers located in Illinois,
Mississippi, and several other southern U.S.
states developed a number of commercially
successful, day-length-insensitive soybean
varieties (Warnken 1999). These varieties
made it possible to grow soybeans suc-
cessfully in tropical latitudes such as the
Cerrados region in Brazil, which is located
well to the north of the Tropic of Capricorn.
During the 1960s and 1970s, the material
emanating from this U.S. research was in-
troduced and tested in Brazil under U.S.
foreign assistance programs. As one con-
sequence of this international technology
transfer, we estimate that fully one half of
the grandparents of all the commercially
successful varieties grown in Brazil since
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1981 came from the United States. Given
the reliance of more-contemporary releases
by CNPSo on material developed elsewhere,
the question remains as to what share of
the benefits attributable to varieties such as
Conquista are attributable to the efforts of
CNPSo, and what share should be attributed
to the work done by other breeders, without
which the Brazilian releases would not have
been forthcoming.

Crop pedigrees not only illustrate the
issue of attributing benefits but they also pre-
sent a practical and transparent way to ad-
dress the problem. However, one could use
any of a large number of attribution rules,
each of which gives a different perspective
on the nature and sources of varietal inno-
vations that may be useful for different pur-
poses. Thus, the choice of rule to use is ad
hoc, but not a matter of indifference. For
example, the administrator of a research
program that does lots of adaptive research
(taking material from others and doing sets
of simple crosses to produce finished lines)
would opt for a “last-cross” rule. In contrast,
some programs may have (recently) released
few commercially successful varieties of
their own but developed many earlier vari-
eties or contemporary breeding lines that
form parts of the releases made by others.
A last-cross rule would attribute few of the
total benefits to the efforts of such a pro-
gram; administrators of these types of re-
search programs would push to put more
weight on varieties (or breeding lines) that
typically show up further back in the pedi-
grees. Here we present the results of apply-
ing just two rules, one that gives all credit to
the last cross, the other a geometric rule that
gives declining weight to varieties from ear-
lier generations in the pedigree back to the
level of grandparents.

Using the last-cross rule, 40 percent of
the total benefits from the use of improved
soybeans (that is, $5.0 billion of the total of
$12.5 billion) are attributed to Embrapa re-
search (Table 4.5). Using the geometric rule
that gives weight to prior research as well
as the agency that released the variety, the

Embrapa share drops to $2.9 billion, or 23
percent of the total benefits, reflecting less
“Embrapa-ness” in earlier generations.

The same general pattern—that is, a de-
cline in the benefits attributable to Embrapa
as one shifts from the last-cross rule to the
geometric rule—is evident with both upland
rice and edible beans. However, compared
with soybeans, the share of total benefits
attributable to non-Embrapa research is less
for both upland rice and edible beans. For
example, under the last-cross rule, Embrapa
is assigned only 40 percent of the total ben-
efits from the use of improved soybean
varieties; Embrapa receives 71 percent of
the upland rice benefits and 48 percent of the
edible beans benefits. This reflects the
much higher share of commercially success-
ful soybean releases coming from agencies
other than Embrapa compared with either
upland rice or edible beans. Using the geo-
metric rule, Embrapa’s share of the total
benefits from varietal change in soybeans
drops to 23 percent, compared with 36 per-
cent for upland rice and 33 percent for edi-
ble beans. This indicates that the develop-
ment of commercially successful soybean
varieties draws more intensively on genetic
material developed by agencies other than
Embrapa (at least back to the level of grand-
parents in each of the pedigrees) than does
research aimed at breeding new varieties of
the other two crops.

Research Partnerships

As discussed in general terms earlier, Em-
brapa engages a sizable number of partners
in the conduct of its research. In some in-
stances the partnering takes the form of joint
breeding work, with breeders from col-
laborating institutions jointly designing and
executing the breeding and varietal testing
strategies. In other cases, one or more insti-
tutions take a lead role while the other co-
operating agencies play a supporting role,
hosting trial sites and such. To quantify
these partnerships and their role in varietal
improvement research we developed data on
the number and type of cooperating institu-



DATA DETAILS, RESULTS, AND INTERPRETATION 63

Table 4.7 Partnerships involving CNPSo and CNPAF varietal improvement research

Number of varieties

Share of varieties

Number of partners Upland Edible Upland Edible
per variety rice beans Soybeans rice beans Soybeans
(count) (percentage)

0 44 36
1 15 3 60 56 15 50
2 7 9 8 26 45 7
3 3 2 7 11 10 6
4 1 2 2 10 2
5 1 1 4 5
6
7
8 1 5
9

10

11

12 1 5

13 1 5

Total 27 20 121 100 100 100

Source: Authors’ compilation based on survey returns and Guimaraes (1997).

tions identified in the varietal lists obtained
from CNPSo and CNPAF.

Table 4.7 summarizes the structure of
research partnerships for all the varieties of
upland rice and edible beans released by
CNPAF and the soybean varieties released
by CNPSo during the study period. Several
aspects are noteworthy. All of the upland
rice and edible bean varieties involved some
research collaboration. More than one half
the rice releases were developed jointly with
one partner; one quarter of the varieties in-
volved two partners. For edible beans, the
tendency was to have even more partners—
about 85 percent of the varieties involved
two or more partners and some varieties
involved as many as 12 or 13 partners. The
propensity to partner was much lower in the
development of new soybean varieties.
CNPSo alone developed about one third of
the Embrapa releases, and one half involved
only a single collaborating institution.

A significant proportion of these part-
nerships were with other Embrapa centers.
Of the 105 partnerships CNPSo formed in
developing 121 soybean varieties from

1976 to 1999 (noting that 44 of the varieties
were developed without partners), 19 per-
cent of these partnerships involved other
Embrapa centers. About 17 percent of the
partnerships CNPAF formed to develop 27
rice varieties from 1976 to 1999 were with
other Embrapa centers; 11 percent of the
partners CNPAF worked with to produce
20 edible bean varieties were also from Em-
brapa. For rice and beans all the remaining
collaborators were other public institutions,
including other federal agencies and univer-
sities, but mainly state agencies. Soybean
varieties developed by CNPSo involved
less collaboration than the rice and beans re-
search at CNPAF, but a greater diversity of
collaborators. About 55 percent of the col-
laborators were other public agencies; and
26 percent of the partnerships involved pri-
vate firms.

For each variety for each crop we
elicited from the Embrapa scientific staff
involved in breeding these crops their esti-
mate of the contribution of each partner-
ing agency to the development of each vari-
ety. The shares assigned CNPAF for rice
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varieties released by them ranged from O to
50 percent. Corresponding shares for beans
ranged from 28 to 100 percent and for soy-
beans the range was 45 to 100 percent.
These shares were used to partition further
the benefits attributed to Embrapa, as des-
ignated by the “partitioned” columns in
Tables 4.5 and 4.6.

Obviously, taking account of the role of
research partners in the development of a
particular variety (in addition to assigning
part of the total benefits to the efforts of
agencies not directly cooperating with Em-
brapa) reduces the total benefits attributable
to Embrapa. In the case of upland rice,
using the last-cross rule the benefits attrib-
uted to Embrapa drop by 47 percent if the
role of research partners is taken into ac-
count (for example, comparing $1.2 million
to $642,020 in Table 4.5) whereas for edible
beans they were reduced by 35 percent (com-
paring $328,443 with $212,634). Never-
theless, the benefit—cost ratios remained
substantially greater than 1:1, and the
benefits per FTE remained large (Table 4.6,
top and bottom panels). Embrapa’s soybean
breeders relied less on external partners, so
factoring in their contribution did little to
diminish the benefits attributable to Em-
brapa (for instance comparing $5.02 million
to $4.47 million in Table 4.5).

The geometric rule gives more weight
to earlier ancestors than the last-cross rule
does. Because Embrapa releases feature
more heavily in the more recent past of most
varietal pedigrees, the geometric rule cou-
pled with the partitioning procedure that
attributes some of the benefit to Embrapa
partners provides the smallest estimate of
the benefits attributable to Embrapa (right-
hand column of Tables 4.5 and 4.6).

Institutional origins of benefits. The data
assembled for this study make it possible to
delve deeper into the sources of benefits

arising from varietal improvement research.
Based on the two attribution rules used
above, and in conjunction with data on the
institutional origin of each variety (and
the components of each pedigree back to
the level of grandparents), we extended the
attribution exercise beyond an Embrapa
versus non-Embrapa split to give a more
refined breakdown of the institutional origins
of the non-Embrapa varieties. The results of
this more refined attribution are presented in
Table 4.8. They reinforce and shed more
light on the results discussed above.

Here we highlight just a few key aspects.
Using the last-cross rule, 59.7 percent of the
total soybean benefits are attributed to non-
Embrapa sources and most of that amount is
attributed to domestic (and a few unknown)
sources, including state-level public agen-
cies and domestic private firms. Using the
geometric rule, the non-Embrapa share in-
creases to 76.7 percent of the total benefits,
the domestic share remains about the same,
and the share attributable to foreign (mainly
U.S.) sources increases substantially from
4.2 to 21.7 percent. Drawing on all this evi-
dence, we see that

o Since 1981, CNPSo accounts for a siz-
able but not dominant share of the ben-
efits from improved soybean varieties.

o CNPSo’s share of the benefits from
more contemporary releases is higher
than it was for earlier releases.??

o The genetic material underpinning
Brazilian soybean varieties draws
heavily from non-Embrapa (signifi-
cantly U.S.) sources.

These results also indicate that the non-
Embrapa content of upland rice varieties
is much more reliant on domestic sources
compared with soybeans, while edible bean
varieties draw more heavily on foreign
sources than either rice or soybeans (CIAT

32In 1981, varieties released by Embrapa accounted for only 10 percent of soybean total area; by 1998 this share

increased to 50 percent.
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Table 4.8 Institutional origins of research benefits

Present value of benefits

Share of total benefits

All to last cross Geometric All to last cross Geometric
(thousands 1999 U.S. dollars) (percentage)
Upland rice
Embrapa 1,201,092 611,387 71.3 36.3
Non-Embrapa 482,769 1,072,474 28.7 63.7
Foreign 0 105,654 0.0 6.3
Domestic? 482,769 444,183 28.7 26.4
Unknown 0 522,637 0.0 31.0
Total benefits 1,683,861 1,683,861 100.0 100.0
Edible beans
Embrapa 328,443 221,232 48.5 32.7
Non-Embrapa 349,095 456,306 51.5 67.3
CIAT 83,169 49,075 12.3 7.2
Other Foreign 2,071 126,720 0.3 18.7
Domestic? 263,856 195,006 38.9 28.8
Unknown 0 85,505 0.0 12.6
Total benefits 677,538 677,538 100.0 100.0
Soybeans
Embrapa 5,022,045 2,901,042 40.3 23.3
Non-Embrapa 7,451,780 9,572,783 59.7 76.7
United States 518,140 2,711,042 4.2 21.7
Other foreign 0 9,424 0.0 0.1
Domestic? 6,182,063 5,126,377 49.6 41.1
Unknown 751,577 1,725,940 6.0 13.8
Total benefits 12,473,825 12,473,825 100.0 100.0

Source: Authors’ calculations.

Note:  Stream of benefits discounted using a 4 percent rate of interest. The present value of benefits from vari-
etal change includes a stream of benefits from 1984 to 2003 for upland rice; 1985-2003 for beans; and

1981-2003 for soybeans.

@ Includes varietal selections made from local material, some of which originated elsewhere.

is a major source of the pedigree material
used by CNPAF and other local breeders,
and a nontrivial amount of varieties from
foreign sources are directly used by Brazil-
ian farmers).

Benefits from Improving the

Quality of Upland Rice

The benefit estimates presented and dis-
cussed so far represent the value to Brazil
from adopting higher-yielding varieties. As
discussed in the section on varietal improve-
ment research, beginning in the mid-1980s
or thereabouts, the upland rice program re-
focused its breeding to emphasize improv-
ing grain quality. The effects of that shift
were evident in the release and adoption of

a series of upland varieties with longo fino
characteristics (more typical of irrigated
rice varieties with more desirable cooking
qualities) as distinct from the “shorter and
fuller” rainfed grain types that had hitherto
been developed. We identified five varieties
with this more desirable trait; Maravilha
(released in 1996), Confianca (1996), Canas-
tra (1996), Primavera (1997), and Carisma
(1999), that had achieved some significant
planted area. For example, in Minas Gerais,
Maranhio, and Mato Grosso, these five va-
rieties were planted on more than 30 percent
of the upland rice area in 1999, and 29 per-
cent of the area in Paran4.

Chapter 3 describes the methodology
we used to estimate the additional benefits
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accruing to Brazil from adopting upland
rice varieties with improved grain character-
istics that commanded a price premium in
the market.>> The benefit estimates from
quality-enhancing research are included in
the left-hand column of data in Table 4.5.
Adoption of varieties with fino traits in-
creased the benefits for rice research by
$232 million compared with the gains from
yield-enhancing research alone (which were
$1.68 billion). This represents a significant
increase in the present value of the total
benefits from upland rice research for the
period 1984-2003 for a quality trait that
only entered the market in 1996.

Sensitivity Analysis

Even after apportioning varietal improve-
ment benefits to the research efforts of vari-
ous public and private agencies located
within Brazil and elsewhere, and applying
attribution rules that give more weight to
distant past research compared with more
recent times when Embrapa has been more
prominent, the benefits attributed to Em-
brapa are large absolutely and relative to the
crop-improvement costs incurred by Em-
brapa. Some might question the magnitude
of these benefits and, implicitly, the meas-
urement details that lay behind them. Here
we explore the sensitivity of the benefit
estimates to variations in some key parame-
ters, specifically the interest rate used to
calculate present values of the benefit and
cost streams and the lag lengths chosen for
the stream of benefits to be compared with
a given stream of past R&D expenditures.
We also investigate the implications of ac-
counting for the full social costs of govern-
ment spending, not simply the expenditures
incurred by Embrapa.

For research evaluation purposes we
normalized the benefits from improved
varieties against the varietal-improvement
costs incurred by Embrapa. To gain some
alternative perspectives on the worth of this
research we also compare these benefits
against alternative costs streams (for ex-
ample, the total costs of Embrapa com-
modity research, the total costs incurred by
each center conducting the varietal improve-
ment research, and Embrapa’s total crop-
improvement costs and the overall costs of
the agency).

Estimation Effects

The notion that estimates of the rates of re-
turn to agricultural research are implausibly
high is not new (Pasour and Johnson 1982;
Alston et al. 2000; Alston and Pardey 2001).
Indeed authors of this study have given
various reasons why upward biases are
likely in many past rate-of-return estimates
(Alston and Pardey 1996). Cognizant of
these tendencies, we were duly diligent when
estimating the costs and benefits of crop-
improvement research, paying particular
attention to those parts of the total benefits
that are attributable to Embrapa research.
Unavoidably there are still aspects of the
analysis involving analytical judgments that
have repercussions on the results. The sig-
nificance of these analytical choices is the
subject of this section.

Table 4.9 reports the present value of
benefits and benefit—cost ratios for each
crop using two discount rates (4 and 10 per-
cent) and a longer (through to 2003) and
shorter (through to 1998) lag length for
the stream of benefits against which the
1976-98 cost streams are compared. As
noted earlier, the lags between investing in
R&D and reaping the full rewards of that

33CONAB (various years) reported a monthly producer price series from January 1970 to May 2000 for rice of
different classes. We used the longo series for Goids to represent the lower quality upland rice varieties and the
fino series for Rio Grande do Sul to represent the premium quality grain type. (Unfortunately both longo and fino
series were not reported for each state.) The monthly prices were averaged, and the price premium implied by
comparing these annual averages was 6.6 percent in 1996, 8.2 percent in 1997, 15.3 percent in 1998, and 7.5 per-
cent in 1999. The benefit estimate for 1999 was projected forward (unchanged) to 2003.
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Table 4.9 Sensitivity analysis

4 Percent 10 Percent

Longer Shorter Longer Shorter

Present value of research benefits
Upland rice
Edible beans
Soybeans

Benefit—cost ratios
Upland rice
Edible beans
Soybeans

Benefit—cost ratios (with costs increased by 20 percent)

Upland rice
Edible beans
Soybeans

Internal rates of return®
Upland rice
Edible beans
Soybeans

Internal rates of return (with costs increased by 20 percent)*

Upland rice
Edible beans
Soybeans

(thousands 1999 U.S. dollars)

326,265 252,093 426,195 352,023

144,172 80,971 164,205 92,055

2,626,328 1,569,043 3,335,390 2,217,108
(benefit per unit cost)

53 4.1 34 2.8

32 1.8 1.8 1.0

31.4 18.8 20.8 13.8

44 34 2.8 2.3

2.7 1.5 1.5 0.8

26.2 15.6 17.3 11.5

(percent per year)

239 22.8

15.0 9.8

53.0 52.4

21.9 20.7

13.4 7.9

49.5 48.9

Source: Authors’ calculations.

Note:  Benefits are those attributed to Embrapa using a geometric rule and partitioned among research partners.
Stream of costs are augmented crop improvement cost from 1976 to 1998 expressed in 1999 present
value terms. The “longer” stream of benefits is from 1984 to 2003 for upland rice, 1985-2003 for beans,
and 1981-2003 for soybeans. The “shorter” stream of benefits is from 1984 to 1998 for upland rice,

1985-98 for beans, and 1981-98 for soybeans.

4 Represents the rate of return that equates the present value of costs to the present value of benefits,
with benefits running through to 2003 in the “longer” column, and, as described above regarding the

benefit—cost ratios for the “shorter” column.

investment are very long, perhaps infinite,
especially for crop improvement research.
Thus any analysis that uses the evaluation
techniques we employed, linking a stream
of past research to a finite stream of research
benefits, is bound to understate the total
benefits attributable to that cost stream.3*
The magnitude of the bias is unknown, de-

pending on the time path of the future ben-
efits from research and the share of the
benefits attributable to past research costs.
To gain a sense of the biases, we truncated
the stream of benefits attributable to Em-
brapa to 1998 (columns denoted “shorter”
in Table 4.9), instead of 2003 reported else-
where in this report, and denoted “longer”

341f econometric techniques are used instead of the economic surplus methods we employed here the likely bias
is in the other direction, as Alston and Pardey (1996) described, and as borne out by the meta-analysis by Alston

et al. (2000b).
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in Table 4.9 (see also Appendixes F and I).
Longer benefit streams naturally resulted in
higher benefit—cost ratios: in this instance
the increases were greatest for edible beans
research and smallest for upland rice.

The appropriate interest rate for discount-
ing streams of research costs and benefits is
the social opportunity cost of public funds
committed to long-term investments. Be-
cause our costs and benefits are in real (in-
flation adjusted) terms we opted for a real,
risk-free, long-run rate of interest of 4 per-
cent. It could be argued that a higher rate is
warranted in developing economies where
capital costs are typically higher than in
comparable developed-country markets, so
Table 4.9 also presents results for a 10 per-
cent discount rate (see also Appendixes E,
G, H, and J). For all three crops the higher
rate of interest increases the total benefits
(expressed in present value 1999 terms),
with the smallest effect being for edible
beans indicating that a comparatively higher
proportion of the total benefits for this crop
were realized in more recent years com-
pared with the other crops. All the benefit—
cost ratios were lower when the discount rate
was increased from 4 to 10 percent, indicat-
ing a greater proportion of the overall costs
than benefits occurred in earlier years. In all
cases the total benefits and benefit—cost
ratios were more sensitive to changes in lag
length than changes in interest rates.

Table 4.9 reveals the sensitivity of the
results when the full social costs of govern-
ment funds used to conduct the Embrapa re-
search are taken into account. The estimates
presented earlier assume that the marginal
opportunity cost of government spending is
the amount spent. However, a more com-
prehensive assessment would include the
deadweight costs of taxation in a more com-
plete measure of the full social costs of gov-

ernment spending. The evidence presented
and discussed by Browning (1987) and
Fullerton (1991) suggests a social cost of
U.S. government spending in the range of
1.07 to 1.24 times the amount spent.3> In
developing countries with less efficient
taxation mechanisms the deadweight costs
may be even higher. We took the social costs
of Embrapa spending, which is mainly
sourced from general government revenues,
to be 1.20 times the amount spent, thereby
raising the stream of relevant costs by 20
percent with a consequent reduction in the
benefit—cost ratios (see the second and third
blocks of data in Table 4.9).36

Finally, the bottom of Table 4.9 (fourth
and fifth blocks of data) includes the real in-
ternal rates of return that correspond to the
benefit—cost ratios—provided for purposes
of comparison with other studies and not-
ing that we favor the benefit—cost ratios as
summary measures for this type of study
(see Chapter 3).

Alterative Cost Attributions and
Benefit Normalizations

Matching research costs to the relevant
stream of research benefits is difficult. Even
after a benefit stream attributable to Embrapa
is identified, there remain some ambigui-
ties in the span of Embrapa activities and
costs associated with that benefit. For each
crop we derived a stream of costs associated
with crop-improvement research—a broader
notion than costs incurred by crop breeders,
incorporating the costs of other scientists
such as plant pathologists and agronomists
involved in crop-improvement research.
These costs included a share of the ad-
ministrative and support costs of each crop
center plus some Embrapa-wide overhead
costs. However, the cost attribution exer-
cise is subject to error so that more, or less,

35Fox (1985) introduced this argument into the evaluation of agricultural research investments and Dalrymple

(1990) summarized the relevant literature.

36Benefit—cost ratios that take account of these social costs are not directly comparable with those from other

studies that do not.
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Table 4.10 Benefits attributable to Embrapa compared with various Embrapa costs

Present value of

Benefit—cost ratios

Center crop Center crop Center total Total Embrapa crop Total
Benefits improvement costs improvement crop research center improvement Embrapa
1 2 3 4 5 6 7
(thousands 1999 U.S. dollars) (benefit per unit cost)
Upland rice 326,265 61,623 5.29 1.78 0.89 0.05 0.03
Edible beans 144,172 44,727 3.22 0.79 0.39 0.02 0.01
Soybeans 2,626,328 83,572 3143 8.34 7.57 0.42 0.26
Total all three crops 3,096,765 189,922 16.31 4.54 2.86 0.50 0.30

Source: Authors’ calculations.

Note:

Benefits are 1999 present values discounted using a 4 percent rate of interest and represent those attributed to Embrapa using a geo-
metric rule and partitioned among research partners. The cost streams include the years 1976-88 while benefit streams include the
years 1984-2003 for upland rice; 1985-2003 for edible beans; and 1981-2003 for soybeans. The crop improvement and total costs in-
curred by each center as well as Embrapa’s overall crop-improvement costs were augmented to include a prorated share of Sede and
CENARGEN costs. Center crop improvement costs include all the costs related to breeding a crop in a specific center; center total crop
research includes total cost of research for each crop at each center; total center cost refers to total cost for research and nonresearch
activities incurred by the rice and bean center and the soybean center, respectively; Embrapa crop-improvement costs refer to total
crop-improvement research costs for Embrapa; and total Embrapa costs refer to total cost incurred by Embrapa for research and non-

research activities.

of the total costs of Embrapa could arguably
be charged against the estimated stream of
benefits. Moreover, although every effort was
made to include only the benefits derived
from varietal change, abstracting from bene-
fits attributable to improved crop manage-
ment practices, including improved agro-
nomic and pest and disease control meth-
ods, the reality is that some of the benefits
from such sources is likely to be included.
Table 4.10 takes the Embrapa share of
the benefit streams for each crop ending in
2003 estimated using a 4 percent discount
rate, applying the geometric attribution rule
and partitioning the benefit streams among
Embrapa and its partners, and compares that
with alternative streams of Embrapa costs.
Working from left to right across the table,
the cost—benefit ratios involve the augmented
costs of crop-improvement research at each
center, the overall cost of the respective

crop research programs at each center, the
total research costs of each center, the over-
all costs of crop-improvement research in-
curred by Embrapa, and finally, Embrapa
total costs. The benefits attributable to
Embrapa from adopting improved upland
rice, edible bean and soybean varieties in
Brazil was more than sufficient to offset
the costs Embrapa incurred in developing
these varieties (column 3, Table 4.10). The
benefits were also sufficient to offset the re-
spective total—not just crop-improvement
—costs of the upland rice and soybean pro-
grams (column 4) as well as all the costs of
the soybean research center (column 5). In
fact the Embrapa-attributed benefits arising
from these three crops alone were sufficient
to cover one half the total crop improve-
ment costs incurred by Embrapa since 1976
and almost one third of the agency’s entire
costs.



CHAPTER 5

Conclusion

s noted by Alston and Pardey (2001), attribution problems abound in the assessment

of agricultural R&D. Although it seems clear that many studies of agricultural re-

search benefits have not paid enough attention to attribution problems, the nature and
importance of the consequences for biases in estimation and interpretation of the evidence is
less clear. In this study we have emphasized the role of three types of attribution challenges in
the context of an ex post evaluation of the returns to public varietal improvement research in-
vestments undertaken by Embrapa, in Brazil: (1) attribution among institutions that operate
independently, taking account of spillovers of technologies both within and among countries;
(2) attribution among institutes that collaborate in research, both within and among coun-
tries; and (3) attribution within an institution, taking account of the allocation of overhead
costs both within centers and between centers and head office.

In the case of Embrapa’s varietal improvement research, all of these elements of attribu-
tion played significant roles, varying in importance from one crop to another. If we had ig-
nored these attribution issues, as many studies have done, and had given Embrapa credit for
all of the benefits from improvement in Brazil’s varieties of soybeans, edible beans, and up-
land rice over the past 30 years, we would have grossly overestimated the benefit—cost ratio
for Embrapa’s work. Even after we have taken account of the international and intranational
institutional spillovers of research results, which are especially important for soybeans, the rate
of return to Embrapa’s research remains high, particularly for soybeans.

This study has revealed the importance of taking greater care in the attribution of benefits
and costs of research in a context in which the attribution problems are made more transparent
through the availability of information on the genetic history of crop varieties—information
on which institution released a particular variety and its parents. Nevertheless, implementation
of the methods used in this study requires a great deal of information on the experimental and
commercial performance and adoption rates of individual varieties, and such information is
often not readily available. In many cases the results from experimental trials are not kept in
an appropriate form, if they are kept at all for the longer time periods required for this kind of
work, and information on adoption is often sketchy at best. Even with good information on
genetic histories, performance, and adoption patterns, we are obliged to use arbitrary but none-
theless transparent procedures to apportion credit among institutions. Other types of (non-
varietal) technologies may pose different, and in some senses even greater, challenges both in
terms of conceptualizing how to address them and in obtaining data; especially, perhaps, pri-
vately produced technologies. However, if our results are any guide it will be important to give
greater attention to attribution issues in studies of research benefits of all types.

Any evaluation of research benefits, or for that matter any benefit—cost analysis, involves
a host of implicit or explicit decisions about models, data, procedures, and so on—decisions
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that may have major or minor consequences
for the results and their interpretation. Many
of these decisions are arbitrary, and often
they are left implicit. In this report we have
focused on the issue of the attribution of
research benefits among multiple sources.
In addressing that question, as well as the
measurement of the total benefits, we have
attempted to make our key analytical and
measurement choices transparent and explic-
itly clear. We have provided a detailed report
of the complicated journey one must travel
and the arbitrary choices one must make in
producing estimates of returns to research,
even when unusually detailed data and in-
formation are available. By reporting all
of these details, and examining the conse-
quences of alternative choices in those cases
where there is little or no empirical basis for
a particular choice, we hope to have added
to the value of our estimates, in terms of a
greater understanding of where they come
from and what they mean. In addition, we
hope this study may serve as a guide for
future research evaluations, and as a set of
cautions to be kept in mind when interpret-
ing the work from other studies.

The payoffs to past investments made
in Embrapa’s upland rice, edible bean, and

soybean improvement research have been
substantial, even after careful accounting of
the contributions made by other agencies in
Brazil and the spillin of new crop varieties
from agencies elsewhere in the world. This
ex post benefit—cost analysis provides some
support for strategic decisions about the
total budget for crop improvement research
in Embrapa, suggesting it should be greater,
and its allocation, suggesting that, every-
thing else equal, a higher share should be
allocated to the comparatively much higher
payoff, soybean program. However, the
benefit—cost ratios cannot be used directly
to answer the related questions concerning
how much additional funding in total and
how best to allocate that funding among
programs of research. To do this would
require ex ante (forward looking) estimates
of the likely benefits from such investments,
as distinct from the ex post evidence de-
veloped for this study, and a measure of
the sensitivity of the benefits to marginal
changes in funding, as distinct from the
average type of evidence implicit in the ben-
efit—cost ratios reported here, which are
more helpful in decisions on whether or not
to continue with a program of research.
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APPENDIX B

Sources of Commercially Significant Upland Rice Germplasm

Pedigree source

Institution of release Agency type Cultivar Father Mother Grandparents Total
Brazil
CNPAF Embrapa 23 2 25
IAC Public 5 8 16 30 59
IAPAR Public 2 2
IPEAS Public 1 1
Traditional Other 3 5 8
National Rice Research Project, RS Brazil Other 1 1
Brazil total 34 8 21 33 96
International
CIAT International 1 3 4
IITA International 2 3 5
IRAT International 5 5
IRRI International 1 2 3
International total 0 3 1 13 17
France
CIRAD Public 1 1
IRAT Public 10 5 15
France total 1 10 5 0 16
Traditional or local varieties
Traditional Other 2 4 44 26
Total traditional or local varieties 0 2 4 44 26
Other
Cameroon Other 1 1
China Other 1 1
Colombia Other 1 1
China Other 1 1
Philippines Other 1 1
Cote d’Ivoire Other 11 11
Mexico Other 1 1
Taiwan Other 1 1
West Africa Other 4 5 9
Zaire Other 10 10
Unknown cross Other 3 4 2 9
Unknown Other 4 16 20
Total other 0 12 4 50 66
Total 35 35 35 140 245

Source: Authors’ calculations.

Note:  Unknown cross means that one of the nodes in the pedigree was a cross for which it was not possible to identify the institution that did

the cross.
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APPENDIX C

Sources of Commercially Significant Edible
Beans Germplasm

Pedigree source

Institution of release Type Cultivar ~ Father = Mother  Grandparents  Total
Brazil
Embrapa Embrapa 9 2 2 2 15
FT Private 4 1 4 2 11
CEFET-PR Public 1 1
EEP Public 1 1 2
EPABA Public 1 1
IAC Public 8 7 8 10 33
IAPAR Public 4 1 2 4 11
IPA Public 2 2 4
IPEACO/EEP/MG Public 1 1
PESAGRO Public 1 1
ESAL University 3 3
UFV University 1 1
Brazil total 31 13 18 22 84
Traditional
Traditional variety 3 6 6 36 51
Traditional total 3 6 6 36 51
International
CIAT International 5 13 7 30 55
International total 5 13 7 30 55
Other countries
INIA (Uruguay) Public 1 1
ICA (Colombia) Public 1 1 5 7
CATIE (Costa Rica) University 1 1
Other (Costa Rica) 2 11 13
EAP (Honduras) University 2 2
Cornell University (U.S.)  University 1 1
Un. of Nebraska (U.S.) University 1 1
Other (Venezuela) 2 2
CIA (Venezuela) Public 1 1 2
Other countries total 1 3 2 24 30
Unknown or unspecified 0 5 7 48 60
Total 40 40 40 160 280

Source: Authors’ calculations.
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Sources of Commercially Significant Soybean Germplasm

Pedigree source

Institution of release Type Cultivar  Father  Mother Grandparents Total

Brazil
CNPSo Embrapa 36 8 12 7 63
CPAC Embrapa 1 2 2 5
CAC Private 1 1
CEP/FECOTRIGO Private 2 5 7 14
CEP/FEPAGRO Private 1 1
COODETEC Private 15 2 2 19
FECOTRIGO Private 1 3 4
FEPAGRO Private 1 1 5
FT Private 21 16 10 24 71
INDUSEM Private 2 2
OCEPAR Private 1 4 7
EMGOPA Public 10 3 3 1 17
EPAMIG Public 1 1
Ex-DNPEA/IPEAME Public 1 1 2
Ex-IPEAME Public 2 11 10 23 46
Ex-IPEAS Public 2 3 1 7 13
IAC Public 8 5 6 14 33
UFV University 1 2 1 9 13
UREMG/ESA University 1 1 6 8

Total Brazil 103 61 56 105 325

United States
Arkansas, Hale Seeds Farms Private 1 1
Coker Pedigree Seed Co., South Carolina Private 7 2 8 17
Nickerson American Plant Breeders/Northrup King Private 1 2 2 5
USDA Public 1 1 1 4 7
USDA Arlington Farm Public 1 6 7
USDA Florida Public 2 4 2 9 17
USDA Mississippi Public 13 12 104 129
USDA North Carolina Public 1 2 19 22
Arkansas AES University 1 5 4 10 20
Florida AES University 1 1
Louisiana AES University 1 1 1 5 8
North Carolina AES University 12 12
North Carolina AES/Tennessee AES University 3 3
Tennessee AES University 1 7 8
University of Tennessee University 1 3 4
Missouri AES University 3 3
Illinois AES and USDA University/Public 1 1
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Pedigree source

Institution of release Type Cultivar  Father  Mother Grandparents Total
Hawaii AES/USDA Arkansas University/Public 1 3 4
Louisiana AES and USDA University/Public 1 2 3
University of Tennessee/USDA Arlington Farm University/Public 1 1
Clemson AES and USDA University/Public 4 4
Ilinois AES and USDA University/Public 1 1 2
Virginia AES and USDA University/Public 2 2
From U.S. Germplasm Bank 1 1

Total United States 8 37 30 207 282

Other countries
Jilin, China 2 2
South Africa or Zimbabwe 1 1
Philippines 2 2

Total other countries 0 0 0 5 5
Unknown 1 14 26 131 172
Total 112 112 112 448 784

Source: Authors’ calculations.



APPENDIX E

Present Value of Research Benefits with a
10 Percent Discount Rate and a Stream of
Benefits Ending in 2003

All credit to last cross Geometric rule

Total benefits from Not Not
varietal change partitioned  Partitioned partitioned  Partitioned

(thousands 1999 U.S. dollars)

Upland rice
Enhanced yields 2,354,440 1,578,900 840,157 802,031 426,195
Improved grain quality 238,251
Edible beans 818,914 376,631 244,431 251,527 164,205
Soybeans 17,399,184 6,361,626 5,770,837 3,630,603 3,335,390
All three crops 20,572,538 8,317,157 6,855,426 4,684,161 3,925,790

Source: Authors’ calculations.

Note:  “Not Partitioned” indicates that full credit was given to Embrapa for varieties it developed alone or jointly
with others. “Partitioned” indicates that Embrapa was given partial credit for varieties developed jointly with
others. The present value of benefits from varietal change includes a stream of benefits from 1984 to
2003 for upland rice; 1985-2003 for edible beans; and 1981-2003 for soybeans.
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APPENDIX F

Present Value of Research Benefits with a
4 Percent Discount Rate and a Stream of
Benefits Ending in 1998

All credit to last cross Geometric rule

Total benefits from Not Not
varietal change partitioned  Partitioned partitioned  Partitioned

(thousands 1999 U.S. dollars)

Upland rice
Enhanced yields 1,390,400 936,925 497,858 474,909 252,093
Improved grain quality 55,482
Edible beans 431,666 177,763 116,812 122,760 8,971
Soybeans 8,423,551 2,945,227 2,777,079 1,652,994 1,569,043
All three crops 10,245,617 4,059,915 3,391,749 2,250,663 1,902,107

Source: Authors’ calculations.

Note:  “Not Partitioned” indicates that full credit was given to Embrapa for varieties it developed alone or jointly
with others. “Partitioned” indicates that Embrapa was given partial credit for varieties developed jointly with
others. The present value of benefits from varietal change includes a stream of benefits from 1984 to
1998 for upland rice; 1985-98 for edible beans; and 1981-98 for soybeans.
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APPENDIX G

Present Value of Research Benefits with a
10 Percent Discount Rate and a Stream of
Benefits Ending in 1998

All credit to last cross Geometric rule

Total benefits from Not Not
varietal change partitioned  Partitioned partitioned  Partitioned

(thousands 1999 U.S. dollars)

Upland rice
Enhanced yields 2,060,980 1,314,733 695,995 665,553 352,023
Improved grain quality 60,855
Edible beans 558,857 217,258 143,081 139,407 92,055
Soybeans 13,115,240 4,164,992 3,977,740 2,310,552 2,217,108
All three crops 15,735,077 5,696,983 4,816,816 3,115,512 2,661,186

Source: Authors’ calculations.

Note:  “Not Partitioned” indicates that full credit was given to Embrapa for varieties it developed alone or jointly
with others. “Partitioned” indicates that Embrapa was given partial credit for varieties developed jointly with
others. The present value of benefits from varietal change includes a stream of benefits from 1984 to
1998 for upland rice; 1985-98 for edible beans; and 1981-98 for soybeans.
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Normalized Research Benefits with a 10 Percent
Discount Rate and a Stream of Benefits
Ending in 2003

All credit to last cross Geometric rule
Total benefits from Not Not
Indicators varietal change partitioned Partitioned partitioned Partitioned

(benefit per unit cost)
Benefits/crop improvement cost

Upland rice
Enhanced yield
Baseline 24.0 16.1 8.6 8.2 43
Augmented 18.7 12.5 6.7 6.4 3.4
Improved grain quality
Baseline 2.4
Augmented 1.9
Edible beans
Baseline 12.2 5.6 3.6 3.7 24
Augmented 8.8 4.0 2.6 2.7 1.8
Soybeans
Baseline 150.0 54.9 49.8 31.3 28.8
Augmented 108.4 39.6 36.0 22.6 20.8
All three crops
Baseline 73.1 29.6 24.4 16.6 14.0
Augmented 54.1 219 18.0 12.3 0.3
Benefits/total crop research costs
Upland rice
Enhanced yield
Baseline 8.4 5.6 3.0 29 1.5
Augmented 6.0 4.1 22 2.1 1.1
Improved grain quality
Baseline 0.9
Augmented 0.6
Edible beans
Baseline 29 1.3 0.9 0.9 0.6
Augmented 2.1 1.0 0.6 0.6 0.4
Soybeans
Baseline 36.3 13.3 12.1 7.6 7.0
Augmented 26.0 9.5 8.6 5.4 5.0

(continued)
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All credit to last cross Geometric rule
Total benefits to Not Not
Indicators varietal change partitioned Partitioned partitioned Partitioned

(benefit per unit cost)
All three crops
Baseline 19.8 8.0 6.6 4.5 3.8
Augmented 14.2 5.7 4.7 3.2 2.7

(thousands 1999 U.S. dollars)

Benefits/FTE
Upland rice
Enhanced yield 15,703 10,530 5,603 5,349 2,842
Improved grain quality 1,589
Edible beans 5,386 2,477 1,607 1,654 1,080
Soybeans 59,425 21,727 19,709 12,400 11,392
All three crops 34,588 13,983 11,526 7,875 6,600

Source: Authors’ calculations.

Note:  FTE refers to the average annual full-time equivalent of researchers between 1976 and 1998. “Not Partitioned” indicates that full credit
was given to Embrapa for varieties it developed alone or jointly with others. “Partitioned” indicates that Embrapa was given partial
credit for varieties developed jointly with others. The present value of benefits from varietal change includes a stream of benefits from
1984 to 2003 for upland rice; 1985-2003 for edible beans; and 1981-2003 for soybeans.
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Normalized Research Benefits with a 4 Percent
Discount Rate and a Stream of Benefits Ending in 1998

All credit to last cross

Geometric rule

Total benefits from Not Not
Indicators varietal change partitioned Partitioned partitioned Partitioned
(benefit per unit cost)
Benefits/crop improvement cost
Upland rice
Enhanced yield
Baseline 28.7 19.3 10.3 9.8 5.2
Augmented 22.6 15.2 8.1 7.7 4.1
Improved grain quality
Baseline 1.1
Augmented 0.9
Edible beans
Baseline 133 55 3.6 3.8 2.5
Augmented 9.7 4.0 2.6 2.7 1.8
Soybeans
Baseline 138.0 48.3 45.5 27.1 25.7
Augmented 100.8 352 332 19.8 18.8
All three crops
Baseline 72.1 28.6 239 15.8 13.4
Augmented 53.9 21.4 17.9 11.9 10.0
Benefits/total crop research costs
Upland rice
Enhanced yield
Baseline 10.4 7.0 3.7 3.6 1.9
Augmented 7.6 5.1 2.7 2.6 14
Improved grain quality
Baseline 0.4
Augmented 0.3
Edible beans
Baseline 32 1.3 0.9 0.9 0.6
Augmented 24 1.0 0.6 0.7 0.4
Soybeans
Baseline 36.9 12.9 12.2 7.2 6.9
Augmented 26.8 9.4 8.8 53 5.0
All three crops
Baseline 20.7 8.2 6.9 4.5 3.8
Augmented 15.0 6.0 5.0 33 2.8

(continued)
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All credit to last cross Geometric rule
Total benefits to Not Not
Indicators varietal change partitioned Partitioned partitioned Partitioned

(thousands 1999 U.S. dollars)

Benefits/FTE
Upland rice
Enhanced yield 9,273 6,249 3,320 3,167 1,681
Improved grain quality 370
Edible beans 2,839 1,169 768 807 533
Soybeans 28,769 10,059 9,485 5,646 5,359
All three crops 17,226 6,826 5,702 3,784 3,198

Source: Authors’ calculations.

Note:  FTE refers to the average annual full-time equivalent of researchers between 1976 and 1998. “Not Partitioned” indicates that full credit
was given to Embrapa for varieties it developed alone or jointly with others. “Partitioned” indicates that Embrapa was given partial
credit for varieties developed jointly with others. The present value of benefits from varietal change includes a stream of benefits from
1984 to 1998 for Upland rice; 1985-1998 for edible beans; and 1981-1998 for soybeans.



APPENDIX J

Normalized Research Benefits with a 10 Percent

Discount Rate and a Stream of Benefits

Ending in 1998

All credit to last cross

Geometric rule

Total benefits from Not Not
Indicators varietal change partitioned Partitioned partitioned Partitioned
(benefit per unit cost)
Benefits/crop improvement cost
Upland rice
Enhanced yield
Baseline 21.0 13.4 7.1 6.8 3.6
Augmented 16.3 10.4 5.5 53 2.8
Improved grain quality
Baseline 0.6 0.0 0.0 0.0 0.0
Augmented 0.5 0.0 0.0 0.0 0.0
Edible beans
Baseline 8.3 32 2.1 2.1 1.4
Augmented 6.0 23 1.5 1.5 1.0
Soybeans
Baseline 113.1 359 343 19.9 19.1
Augmented 81.7 26.0 24.8 14.4 13.8
All three crops
Baseline 55.9 20.2 17.1 11.1 9.5
Augmented 41.4 15.0 12.7 8.2 7.0
Benefits/total crop research costs
Upland rice
Enhanced yield
Baseline 7.4 4.7 2.5 24 13
Augmented 53 34 1.8 1.7 0.9
Improved grain quality
Baseline 0.2
Augmented 0.2
Edible beans
Baseline 2.0 0.8 0.5 0.5 0.3
Augmented 1.4 0.6 0.4 0.4 0.2
Soybeans
Baseline 274 8.7 8.3 4.8 4.6
Augmented 19.6 6.2 59 35 33

(continued)
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All credit to last cross Geometric rule
Total benefits to Not Not
Indicators varietal change partitioned Partitioned partitioned Partitioned

(benefit per unit cost)
All three crops
Baseline 15.1 5.5 4.6 3.0 2.6
Augmented 10.9 3.9 33 2.2 1.8

(thousands 1999 U.S. dollars)

Benefits/FTE
Upland rice
Enhanced yield 13,745 8,768 4,642 4,439 2,348
Improved grain quality 406
Edible beans 3,675 1,429 941 917 605
Soybeans 44,793 14,225 13,585 7,891 7,572
All three crops 26,455 9,578 8,098 5,238 4,474

Source: Authors’ calculations.

Note:  FTE refers to the average annual full-time equivalent of researchers between 1976 and 1998. “Not Partitioned” indicates that full credit
was given to Embrapa for varieties it developed alone or jointly with others. “Partitioned” indicates that Embrapa was given partial
credit for varieties developed jointly with others. The present value of benefits from varietal change includes a stream of benefits from
1984 to 1998 for Upland rice; 1985-1998 for edible beans; and 1981-1998 for soybeans.
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