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INTRODUCTION

ment Bank and the Inter-American Investment Corporation took place in March

2004 in Lima, Peru. As part of the agenda, a Round Table on Rural Competitive-
ness was organized on Thursday March 25. The Round Table “Challenges, Opportunities
and Resources for Technology Innovation in Agriculture in Latin America and the Carib-
bean” was inaugurated by Mr. Enrique V. Iglesias, President of the IDB and by Mr. Ian
Johnson, Vice-President of the World Bank.

The Annual Meeting of the Boards of Governors of the Inter-American Develop-

The overall activity included a presentation on competitiveness and agricultural produc-
tivity trends; a presentation on strategic investments in regional public goods; a round ta-
ble on financing of technological innovation; and an updating session on the Regional
Fund for Agricultural Technology. Mr. Carlos M. Jarque, Manager of the IDB Sustain-
able Development Department and Dr. Nicolds Mateo, Executive Secretary of FONTA-
GRO coordinated the round table and updating session respectively.

This publication includes the two documents commissioned and discussed at this event.
They represent important contributions to research on competitiveness, productivity and
investments on regional public goods:

Hertford, R., P. G. Pardey and S. R. Wood. 2004. A Strategic Look at Agriculture
in Latin America and the Caribbean: Prospects for Research and Development.
IFPRI, BID, FONTAGRO. 51 p.

Avila, A. F. and R. E. Evenson. 2004. Total Factor Productivity Growth in Agri-
culture: The Role of Technological Capital. University of Yale, EMBRAPA,
FONTAGRO. 43 p.

The Board of Directors and the Administrative-Technical Secretariat of the Fund are es-
pecially thankful to the authors and the institutions involved for allowing us the opportu-
nity to disseminate their results during this meeting. The Administrative-Technical Secre-
tariat of FONTAGRO has done the translation and editing of this publication, and it is
solely responsible for any errors in the final product.






IDB Press Release

March 25, 2004

IDB PRESIDENT IGLESIAS CALLS
FOR BOOST IN AGRICULTURAL RESEARCH

From right to left: Enrique Iglesias, President of the IDB; Ian Johnson, Vice-President of the
WB; and Jesus de los Santos, Sub-Secretary of State of Agriculture, Dominican Republic

LIMA, Peru - IDB Presi-
dent Enrique V. Iglesias to-
day called for major new
funding for agricultural re-
search to correct what he
called “chronic under-
investment” in Latin Ame-
rica and the Caribbean in
new technologies that the
region needs to compete on
world markets, address
problems of poverty at
home, and protect the envi-
ronment.

Iglesias made his remarks
at the “Rural Competitive-
ness Round Table: Agricul-
tural Technological Innova-

tion in Latin America and
the Caribbean,” which is
being held in conjunction
with the 45th Annual Meet-
ing of the IDB’s Board of
Govermnors. Also participat-
ing in the round table were
ministers of agriculture and
representatives from the
private sector, academia,
and international organiza-
tions, including the Consul-
tative Group on Interna-
tional Agricultural Re-
search (CGIAR) and the
Regional Fund for Agricul-
tural Technology (FON-
TAGRO). According to the
IDB President, more than

New technology
is needed

to increase
productivity,
reduce rural

poverty and
protect the
environment

30 percent of the
region’s  population
works in the primary sec-
tor, and food products rep-
resent more than 30 percent
of the region’s gross na-
tional pro-duct and more
than 40 percent of exports
in some countries. But in
what he called a “dramatic
contradiction,” less than 0.5
percent of agricultural earn-
ings are being invested in
research in the sector.

The region has the institu-
tions it needs to counteract
this sub-investment in sci-
ence and technology, said
Iglesias, including national
and international research



centers, universities, foun-
dations, private firms, and
FONTAGRO. The region
needs to better coordinate
research initiatives and
avoid duplication of efforts.

Iglesias singled out FON-
TAGRO as a particularly
promising initiative. Laun-
ched in 1998 and located at
the IDB’s Washington,
D.C.,, headquarters, the
fund has provided $7 mil-
lion to finance 35 research
projects and has raised $23
million in counterpart funds
for this purpose. Projects
have been carried out the
areas of improvement of
efficiency, social and envi-
ronmental  development,
competitiveness,  agricul-
tural policies, and institu-
tional strengthening. The
fund has a membership of
12 Latin American and
Caribbean countries.

The IDB president also de-
scribed a new initiative in

which the IDB will finance
joint research and natural
resource management pro-
grams together with the
World Bank in which
CGIAR research centers
and national programs will
work in partnership.

BACKING FOR RE-
GIONAL FUND

In his remarks, CGIAR
Chairman Ian Johnson
lauded the enormous im-
pact technology has had in
boosting agricultural pro-
duction. But he emphasized
that the agricultural sector
cannot be seen only as an
engine of  economic
growth, but also as source
of jobs and income for low-
income producers and a
major factor in environ-
mental protection.

He called for a lowering of
trade barriers to agricultural
products, saying that they

penalize developing coun-
tries and reduce opportuni-
ties for small farmers to in-
novate. Speaking at the
seminar’s close, Carlos M.
Jarque, manager of the
IDB’s Sustainable Devel-
opment Department, called
for the formation of re-
search networks and alli-
ances among the private
sector, universities and in-
ternational and national in-
stitutions.  Referring to
FONTAGRO, he said, “We
are absolutely convinced of
the importance of having a
regional fund for financing
technological development
that responds to the re-
gion’s needs.” He urged an
increase in the fund’s capi-
tal, which now stands at
$33 million, and the crea-
tion of a close working re-
lationship among  the
CGIAR centers and the
private sector.

The round table was held to
highlight the dramatic
changes that have occurred
in the region’s rural sector
over the past few decades.
Speakers described the
challenges posed by trade
liberalization, agricultural
subsidies, intellectual prop-
erty regimes, privatization
of agricultural extension
services, changes in na-
tional research systems,
and the increased competi-
tion.




A STRATEGIC
LLOOK AT AGRICULTURE
IN LATIN AMERICA AND THE CARIBBEAN

PROSPECTS FOR RESEARCH AND DEVELOPMENT

REED HERTFORD+
PHILIP G. PARDEY
STANLEY R. WOOD

* Reed Hertford is President, EAM Company, Chatham, Massachusetts; Philip Pardey is Professor of Science and Technology
Policy, Department of Applied Economics, University of Minnesota; and Stanley Wood is a Senior Scientist with the Interna-
tional Food Policy Research Institute. Authorship is alphabetical.
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This paper is a summary and interpretation of the volume Assessing Agricultural R&D Priorities a

Latin_America and the Caribean. Washington D.C.: IDB and IFPRI, 2004 forthcoming. Prepared by the Interna-
tional Food Policy Research Institute (IFPRI) for the Annual Meeting of the Boards of Governors of Inter-American

Development Bank in Lima, Peru, March 26, 2004.

The authors thank Julian Alston, Connie Chan-Kang, César Revoredo, Kate Sebastian and Liang You whose col-
laboration on our forthcoming book made this paper possible. A special thanks is due Ulrike Wood-Sichra who
artfully crunched many of the numbers for this report.
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EXECUTIVE SUMMARY

incomes continues to present a major

social and economic development chal-
lenge to governments throughout Latin
America and the Caribbean (LAC). While
agriculture remains the mainstay of the re-
gion’s rural economies, over the past few
decades agricultural output grew more slowly
in LAC than in other developing regions of
the world. Flawed macroeconomic policies
have often been blamed. But there is ample
evidence from within and beyond LAC that
strong and persistent agricultural growth, and
the consequent benefits for rural communi-
ties and economic progress, is heavily reliant
on sustained and sufficient support for agri-
cultural research and development (R&D)

Increasing rural livelihood options and

Payoffs to agricultural R&D investments in
LAC and elsewhere have been high. More-
over, there is no evidence that those payoffs
have diminished over time, suggesting that
more not less funding for research is socially
beneficial. But there remain important public
policy questions about R&D funding and
performance. Precisely, how much should be
spent and by whom? What roles should the
public and private sectors play, and what
regulatory and policy regimes best optimize

those roles? To what extent should countries
in LAC rely on home-grown technologies
versus tapping technologies developed else-
where? How can these technological spill-
over potentials be realized, and how does the
changing nature of the agricultural and (es-
pecially) bio-sciences affect the scope, scale,
and structure of local research vis-a-vis
research done by others?

Responding to these policy questions re-
quires an appreciation of the current and
prospective status of food demand and agri-
cultural supply in LAC. We first consider
the fundamentals that have driven the
changes we later describe.

FOREMOST FUNDAMENTALS

Budget stringencies and trade-liberalizing
policies

Budget-restricting macroeconomic and sec-
tor-specific policies since the mid-1980s
have limited public funds for agricultural
R&D and rural infrastructure, precisely when
increasing these  productivity-promoting
investments would have positioned LAC
producers to better compete internationally in
the face of trade-liberalizing policy changes.

FONTAGRO Special Report No 6.: Prospects for R&D in the Agricultural Sector
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Rapid growth and changing structure of
Jood demand

Growth in total population, incomes, and
urbanization are prime determinants of the
growth in the quantity and type of food
demanded. The past four decades have seen
high growth in population and incomes
relative to other regions, and LAC’s share of
total population living in urban areas makes
the region look more like the U.S. and West-
ern Europe than other developing regions.
These changes have contributed to a growing
demand for higher-value, more processed,
diverse, and “healthier” foods. As retail food
sales have continued to climb, supermarkets
have become dominant players in the agri-
food economy (accounting for roughly 50-60
percent of the region’s agri-food sales com-
pared with just 10-20 percent only a decade

ago).

Close Proximity to the United States

This has not only had more obvious, numer-
ous, and economically important conse-
quences for LAC employment and trade in
agriculture, but also less obvious, although
equally significant, consequences for
“spillins” of U.S. agricultural technologies
into the region. However, close spatial
proximity is a two-edge sword. Just as
closeness fosters technological spillins to
LAC, it also makes the region’s producers
more vulnerable to competition from North
American producers.

Good aptitude for agriculture, but persistent
resource-related constraints

The performance of agriculture in LAC has
often belied the generally favorable natural
resource base for agriculture in the region.
However, the inherent low soil fertility of
tropical savannas has hampered growth in
those areas. Furthermore, soil erosion in
densely populated, cultivated hillsides, espe-
cially in the Central American and Andean

regions, continue to threaten long-term agri-
cultural productivity.

These fundamentals have shaped the envi-
ronment for agriculture and agricultural R&D
and driven the major sectoral changes in the
1960-2001 period, to which we now turn.

FOREMOST CHANGES

Healthy but unremarkable agricultural
growth slowing general economic progress
At 2.9 percent per year for the 1961-2002
period, the growth of agricultural production
in the region was outpaced by the growth in
other developing regions of the world. There
are apparently strong links between agricul-
tural growth and overall economic growth in
LAC, and thus the modest performance of
LAC agriculture has likely constrained over-
all economic growth.

Poor productivity performance

Although the evidence is limited, a review of
empirical studies of aggregate agricultural
productivity in LAC point to generalized
declines in multi-factor productivity since the
1960s. Indeed some authors suggest there
has been “technical regression” in some parts
of LAC—typically, declining aggregate
output coupled with unchanging production
costs overall..

Modest gains in land and labor productivity
While both land and labor productivities
have grown at moderate rates in the past four
decades in LAC, labor productivity growth
(2.3 percent per year since 1961) has slightly
outpaced land productivity growth (2.2 per-
cent per year). Within LAC the highest land
productivity growth since 1960 was regis-
tered in Mexico and Brazil — coincidentally,
countries that accounted regularly for a
combined total of almost two thirds of the
region’s agricultural R&D spending.

FONTAGRO Special Report No 6.: Prospects for R&D in the Agricultural Sector
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Reducing government intervention in agri-
culture

After the mid-1980s, commodity policies
were evolved in similar ways for livestock
and principal crop sectors. Producers often
benefited from tariff reductions on inputs,
direct price supports, and favorable sani-
tary/phytosanitary measures. while consumer
prices were subject to some control. How-
ever, these measures were generally moder-
ated in recent years, with rice being an im-
portant exception.

Livestock outpaced crop growth over the
long-haul

Consistent with our observation regarding
changing food demand trends, the 3.4 percent
per year growth in the livestock sector out-
paced the 2.5 percent per year crop sector
growth (1961-2002). Both sectors grew less
in LAC than in developing countries as a
whole. Over the past ten years, however,
crop output has increased with both sectors
now growing at over three percent per year.
Brazil’s long term growth in livestock output
has been spectacular—4.9 percent per year
for the 1961-2002 period. In the Caribbean,
by contrast, it is only in recent times that
both livestock and crop output have seen
sustained positive growth.

Chicken meat was the star performer in the
livestock sector; soybeans among crops

In 1961 chicken meat and soybeans repre-
sented 2.6 and 0.2 percent of livestock and
crop output respectively; by 2001, those
shares had risen to 18 and 21 percent. Other
commodities have declined in importance,
including beef and veal, cassava, mutton and
lamb, along with traditional export crops like
coffee and bananas.

Strong growth in demand for animal feed

Expanding livestock production--especially
chicken and turkey meat--has boosted the
demand for animal feeds. Almost 50 percent

of the cassava crop, nearly 60 percent of the
maize crop, and practically all the sorghum
crop are now consumed by animals in LAC.

Rapid growth agricultural sectors have
benefited from technological spillovers
Worldwide, the evidence indicates that the
spatial spillovers of agricultural technologies
have accounted for half or more of all meas-
ured productivity growth. The prima facia
evidence suggests LAC is no different. The
highest growth commodities in the crops and
livestock sectors (soybeans and chicken
meat) are obvious cases in point. New evi-
dence for Brazil indicates that upwards of 20
percent of the $12.5 billion in benefits de-
rived since 1981 from improved soybean
varieties are attributable to spillovers from
the United States.

Variability in the contribution of crop yield

Area expansion contributed more than yield
growth to increased output for most crops.
Spatially disaggregating the national data
revealed that rapidly rising yields occurred
where yields were already high, and slow
yield growth occurred where yields were
initially low. Land productivity gaps are
apparently widening. This is consistent with
the notion that bigger R&D systems have
been better able to capture and utilize tech-
nology spillin opportunities.

Trade patterns shifted towards imports

During the past 40 years imports have be-
come a greater share of total agricultural
trade for most LAC countries. Agricultural
export-import ratios declined for 29 (73
percent) of the countries in the region. Im-
ports were dominated by cereals (wheat,
maize, rice and sorghum) of which half went
to Brazil, Argentina, and Mexico. During the
1990s, soybeans, fruits, beverage crops,
sugar, and cereals were the main exports.
Notably, sugar and beverage crop exports
shrank markedly in the 1990s compared with

FONTAGRO Special Report No 6.: Prospects for R&D in the Agricultural Sector
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the 1980s. Brazil, Argentina, and Mexico
account for practically two thirds of the
region’s agricultural exports. These changes
are consistent with the finding that agricul-
tural markets in LAC were opening up to
trade while the competitiveness of its pro-
ducers was being compromised by recent
reductions in infrastructure, R&D, and,
possibly, education investments.

Investments in agricultural R&D are low,
uneven and generally faltering

Public spending on agricultural R&D fared
poorly during the 1980s although rebounded
in some countries during the first half of the
1990s. But the recovery seems fragile and
not shared widely throughout the region.
Public research in countries like Brazil and
Colombia that did better in the early 1990s
suffered cutbacks in the later part of the
decade. Many of the poorer (and smaller)
countries failed to experience any sustained
growth in funding for the past several dec-
ades. Moreover, by the mid 1990s, LAC
research intensity ratios (public agricultural
R&D spending as a percent of agricultural
GDP) were still low by world stan-
dards—less than one percent for many Latin
American countries, compared with an
OECD country average of 2.75 percent.

Technological bifurcation?

There are worrying indications of a bifurca-
tion of research throughout the region.
Richer countries may be making sufficient
investments to stay in the race (although
even here the trends are not entirely convinc-
ing, with investment slowdowns in many of
these countries in recent years), but poorer
countries seem to be slipping behind, both in
terms of their ability to generate new tech-
nologies now and to continue doing so in the
future.

LOOKING FORWARD

New global food demand and supply projec-
tions using national data point to a 50 percent
increase in LAC’s demand for cereals (pri-
marily wheat, rice, maize and sorghum) by
2020—much of which can be met from
growth in domestic supplies, stemming the
recent rapid growth in net cereal imports.
The demand for meat and feed grains will
likely continue to rise more rapidly than
demand for food crops. The quantity of meat
exports should rise, but decline in value
terms as cheaper poultry products substitute
for higher value pork. Total trade expansion
in LAC, projected to double by 2020, might
be second only to that projected for the
United States. Importantly, these generally
positive projections presume robust invest-
ments in irrigation, agricultural research,
rural roads, and education throughout the
region.

A more detailed examination of the potential
local and spillover impacts of new technolo-
gies among different LAC agroecologies
shows that the economic benefits from R&D-
induced productivity gains in eight regionally
important crops will be unevenly distributed.
While Southern Cone countries will realize
most of the projected benefits from six of
these eight commodities, countries in Meso-
america capture most of the benefits from
improving sorghum yields, and the Andean
countries gain most of the benefits from
improved potato productivity. But there are
tradeoffs involved and economies of scale
and scope to consider so that some research
is best left to national agencies, other re-
search to collective action among countries.

The overriding importance of continued,
indeed enhanced, technical progress to
achieving LAC’s food security and broader
development objectives leads us to the key
research policy implications of our findings:

FONTAGRO Special Report No 6.: Prospects for R&D in the Agricultural Sector
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Reinvest and revitalize local agricultural
R&D capabilities

Technological stagnation, even regression, is
likely without sufficient local R&D capacity.
And such stagnation translates into declining
market shares, lower incomes for LAC farm-
ers, and less contribution from agriculture to
overall economic growth. It is of paramount
importance that the current downward trends
in funding R&D throughout the region are
reversed. Certainly the evidence suggests
that more, not less, R&D will be an eco-
nomically valuable use of society’s scarce
resources. Indeed, as markets become more
open and as any direct government support to
producers continues to decline, technical
change plays an even more critical role in
improving the competitiveness of LAC
agriculture.

Recognize the respective and evolving pub-
lic and private roles

It is a fallacy to think that private interest
will substitute for a lack of public support for
R&D. Often the roles are complementary
(those countries in the world with substantial
private research also have strong public
science sectors). Nonetheless, the conduct,
structure and orientation of public research
should not crowd out private interests. The
long lags between investing in R&D and
realizing a benefit mean that persistence
pays. But anticipating the important struc-
tural changes in agriculture is critical too.
The projected increased demand for livestock
products, particularly white meats (and the

derived demand for feed), higher value fruits,
vegetables and other horticultural crops, as
well as the demand for higher quality foods,
has immediate R&D policy implications—
including the amount of public funding
required and the orientation of the research,
the intellectual property regimes that affect
the private incentives to innovate, and the
regulatory decisions that affect the trade and
local use of modern agricultural technolo-
gies.

Reorient R&D to optimize technological
spillover opportunities

All too often domestic R&D policies are
driven solely by domestic considerations.
Tapping technologies developed elsewhere
has been critical to past productivity gains in
LAC, and likely to be even more important
in the future. Benefiting from potential
spillovers requires outward-oriented R&D
strategies (both public and private)—first
identifying where relevant technological
opportunities may be occurring outside
domestic systems and, second, developing
the local capacity to adapt these technologies
to local (agroecological) realities. As the
threshold scale and scope of much agricul-
tural R&D continues to increase—thereby
putting full-blown research programs in
many areas beyond the economic reach of
many countries in LAC—this will reinforce
trends, still largely nascent at the regional
level, toward collectively conceived (and,
perhaps, jointly funded) research initiatives.
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1

INTRODUCTION

gricultural research throughout Latin

America and the Caribbean (LAC) is

in the midst of substantial change.
This involves shifts in public and private
funding and in the conduct of agricultural
research and development (R&D), including
the orientation of that research. It also en-
compasses substantial regulatory and institu-
tional changes regarding the development and
transfer of technologies used in food and
agriculture, including changes in the access
and use of the know-how and technologies
developed in other parts of the world (not
least because of changing intellectual property
regimes). Some of this change stems from a
broad set of policy and institutional reforms
that have spurred reevaluations of the proper
public role in agricultural R&D and the
amounts and forms of research funding.
Some of the change derives from even more
fundamental sectoral, macroeconomic, and
trade policy

reforms that directly affect food and agricul-
ture and thereby the research that serves these
sectors.

In this paper, we identify a set of fundamental
forces shaping LAC agriculture, and the
research that serves it. The resulting changes
are then highlighted, including those relating
to production, productivity, public policies,
and agricultural R&D. The location-specific
nature of much agricultural R&D and the
sector’s heavy reliance on natural inputs
makes our spatial assessment of agriculture,
drawing on new spatial data, especially re-
vealing. Using the same spatial data, eco-
nomic simulations are presented which illus-
trate the importance of spatial spillovers of
technologies targeted to different crops and
agroecologies. The implications of these
spillovers bear directly on collective efforts to
fund, conduct, and co-ordinate research in the
region.
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2

THE LAC AGRICULTURAL ECONOMY
IN RETROSPECT

ooking back to look forward is instruc-
tive. Too, the future is inevitably

anchored in past developments.
AGGREGATE TRENDS

In 2000, LAC produced US$2 trillion (in
constant 1995US$), or almost six percent of
the world’s GDP [World Bank, 2004]. Since
1965, the economies of the LAC region, on
average, grew faster than the global average,
eclipsing the annual rate of growth in Africa,
Western Europe, and North America, but not
that in East Asia & Pacific which grew by 7.9
percent per annum in the 1980-2000 period
compared with 2.6 percent in LAC.

An index of aggregate agricultural output in
LAC grew to US$163 billion 1989-91 inter-
national dollars by 2000. This represented a
2.6 fold increase in the index over 39 years, or
n average rate of growth of 2.8 percent per
annum.! Yet, LAC’s AgGDP (agriculture

' The AgGDP measures reported are value added

measures (i.e., gross value of output minus the value of
purchased inputs) taken from national accounts data

value-added) performance has been unre-
markable by world standards, lagging well
behind the 2.7 percent per annum rate of
growth in the 1980-2000 period for all middle
and low income countries, but especially
South Asia’s 3.9 percent per year rate. Nei-
ther has LAC performed well on a per capita
basis, growing by only 0.5 percent per annum.
This is faster than Africa (which shrank by
0.6 percent per annum), but slower than all
other regions of the world. AgGDP grew the
slowest in the Caribbean countries, the An-
dean countries, and the Southern Cone, ex-
cluding Brazil and Chile.

and reported by the World Bank [2004]. In this section
we also report various agricultural output indexes
[Pardey, et. al., 2000]. These indexes were formed by
aggregating annual, national output measures for 134
crop and 23 livestock categories [FAOSTAT 2004],
where each commodity quantity in the index was
weighted by the respective 1989-91 average commod-
ity prices (denominated in international dollars based
on an unpublished agricultural purchasing power parity
index obtained from FAQ).
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Omitting three exceptionally small countries
(Trinidad and Tobago, St. Kitts and Nevis,
and Grenada), we found a strong link between
AgGDP and GDP growth. Countries with
more robust overall economies also have
more robust agricultural sectors.

LAC agricultural production is spatially
concentrated, with Brazil, Argentina, and
Mexico alone producing nearly two thirds of
the region’s agricultural output since 1961
(measured in gross value terms). The top ten
countries have typically accounted for about
90 percent of the region’s output. Brazil is
the only country to have significantly in-
creased its share of the region’s total value of
agricultural production (from 0.315 in 1961 to
0.413 in the late 1990s).

Agriculture now accounts for a generally
smaller share of total output than in earlier
years.” In 2000, AgGDP averaged about
seven percent of GDP in LAC; in 1965 it
accounted for 17 percent. Once again this
regional average belies considerable cross-
country variation. Agriculture is a much
more significant sector in some countries—
especially in Guyana (31 percent of total
output), Nicaragua (32 percent), and Haiti (30
percent) in 2000. In fact, the Mesoamerican
and Caribbean countries generally rely more
on agriculture than the rest of the region.

From 1961 to 2002, growth in livestock out-
put (3.4 percent per annum) was greater than
that for crops (2.5 percent per annum, see
Table 1). In the Caribbean both crop and
livestock output contracted over the same
period. The largest sustained growth at the
regional scale was some 4 percent per annum
for crop output in the Southern Cone exclud-

2 The exceptions are Jamaica, Chile, and Venezuela,
where agriculture’s share has changed little, and
Suriname, Guyana, and Nicaragua, where agriculture’s
output share has actually grown since the early 1960s.

ing Brazil, and 4.9 percent per annum for
livestock in Brazil. ° LAC’s four-decade
growth rate was around 2.9 percent, whereas
all developing countries grew at just over 3
percent per annum, and Asia at 3.8 at percent.
Even sub-Saharan Africa managed to expand
its agricultural output at a slightly faster rate
than did LAC. In the past nine it appears that
crop output has surged in the Southern Cone
and has held steady in other regions except
for the Caribbean where a recovery has been
in progress with both crop and livestock
output, although at much more modest rates
than most parts of the region.

COMMODITY TRENDS

For many commodities, area expansion gen-
erally outpaced yield growth in crop produc-
tion. Furthermore, crop yield growth in LAC
lagged the rates achieved by other developing
countries. More than half the increase in
production was attributable to area expansion
for 68 crops for which we have data, and
yield growth outpaced area expansion for just
29 crops. Only 12 of the crops with dominant
yield effects recorded yield increases averag-
ing more than two percent per annum—
maize, barley, papayas, pineapples, persim-
mons, sunflower seed, potato, tea, sugar beets,
tomatoes, watermelons, green chilies, and

peppers.

Our value share data show most dramatic
gains for oil crops, specifically soybeans.
Since 1961 soybean output grew at a spec-
tacular rate of about 14 percent per annum. In

? Frequently, we separate out Brazil because its com-
paratively large economic size makes it of intrinsic
interest and it typically dominates (sub-) regional totals
if included in these figures. The regional groupings
referred to here include the Southern Cone comprising:
Argentina, Brazil, Chile, Paraguay and Uruguay,
Mesoamerica comprising: Belize, Costa Rica, El
Salvador, Guatemala, Honduras, México, Nicaragua,
and Panami; and the Andean Region comprising:
Bolivia, Colombia, Ecuador, Peri and Venezuela.
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1961 soybeans represented just 0.2 percent of
crop output. By 2001 they represented 18
percent of a much larger total crop output.
(Table 2). While technology played its part, a
strong export demand and an especially sup-
portive policy environment (particularly in
Brazil which accounted for over 60 percent of
the region’s soybean production in 2001)
were two important factors behind this
growth. Beverage crops (including coffee,
tea, cocoa and mate) slipped in importance.
Coffee, for example, fell from around 11
percent in 1961 to about 4 .4 percent in 2001.

Among the top ten livestock commodities,
chicken meat, hens eggs, and turkey meat
have increased their production value shares
since 1961 (Table 3). The greatest gains were
for chicken meat, which increased its share of
the value of livestock output from less than
3.0 percent in 1961 to about 21 percent in
2001. During the same period, the value of
cattle meat production slipped from 54 to 41
percent of the livestock total. Once again,
Brazil is a big producer, ranking first in the
case of five of the nine livestock commodity
groups that were analyzed.

Changes in population and consumption
patterns are important considerations when
thinking about research investment priorities.
Over half a billion people live in LAC.
Slightly more than half the region’s popula-
tion lives in just two countries—Brazil has 33
percent of the total and Mexico 19 percent.
There are also quite a number of small coun-
tries: just 5.2 percent of the total population
lives in 30 of the region’s 46 countries, in-
cluding four Mesoamerican countries and 26
Caribbean countries. By global standards,
population growth has been quite high, aver-
aging 2.2 percent per year after 1960 (com-
pared with a world average of 1.8 percent).

According to the United Nations Fund for
Population Advancement (UNFPA), the

region’s high population growth rate was the
result of its rapid urbanization [UNFPA,
1998]. And the increasing urbanization was
the result of rural-to-urban migration, which
de Janvry and Sadoulet [2000] maintain is
largely a manifestation of the region’s perva-
sive rural poverty.

Food availability has trended upward for all
regions of the world at a reasonably steady
pace, but barely so for sub-Saharan Africa.
The LAC trend shows a more rapid increase
in per capita food availability during the
1960s and 1970s (0.7 percent per year) than
for the subsequent two decades (0.2 percent
per year). By 1997, people consumed an
average of 2,798 calories per capita per day in
LAC, close to the world’s average rate of
2,782 calories daily.

Where do these calories come from? In 1961,
maize was the most important source of calo-
ries (as it was and still is for Africa), account-
ing for 16.3 percent of the average intake. By
the late 1990s it ranked second at 14.1 percent
of the calories consumed, with sugar becom-
ing the primary source of calories (as it is in
the United States, but not in Western Europe).
Beans and cassava are now less significant
sources of calories than they were at the
beginning of the 1960s, but still rank among
the 11 most important sources. Bananas and
potatoes are less significant in LAC diets
now, too, and no longer rank among the top
11-calorie sources. Soybean oil is now the
fifth most important source of calories. It was
not even on the top 11 lists in 1961. Poultry
meat is also a new entrant on the list, ranking
ninth in 1997. More generally, 16.2 percent
of the daily calorie intake of the region’s
population came from animal products at the
outset of the 1960s. This share grew to 18
percent by the late 1990s and is likely to
continue to grow.
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Trade allows countries to exploit their com-
parative advantages and to reap gains from
specialization. Technical changes can rein-
force or reshape these important sources of
growth. The massive increase in global trade
over the past several decades is well known.
Agriculture has shared in that trade expan-
sion, including LAC agriculture. In real
terms, agricultural exports from LAC now
total US$55.4 billion (1997 dollars) compared
with US$23.0 billion in 1961, an average rate
of growth of 1.8 percent per annum. Agricul-
tural imports grew from US$6.6 billion in
1961 to US$29.3 billion in 1997, a 3.6 percent
per annum rate of increase, or twice the rate
of export growth.

Notwithstanding the overall growth in agri-
cultural trade, trade in mining and manufac-
turing products expanded even faster so that

agricultural exports dropped as a share of total
merchandise trade.! At the outset of the
1960s, agricultural exports constituted nearly
one half of all merchandise exports from the
region; now they are barely one quarter. The
trade shares of agricultural imports have gone
from 11 to 14 percent during the four decades
under review.

As expected, Brazil, Argentina, and Mexico
feature prominently in most aspects of agri-
cultural trade, accounting for nearly 55 per-
cent of all agricultural imports and 63 percent
of the region’s agricultural exports. Brazil is
the biggest exporter of agricultural products,
while Mexico is the biggest importer. Argen-
tina exports more livestock products than any
other country in the region and is second to
Brazil in terms of crop exports. Interestingly,
Uruguay is third ranked in livestock exports.

4 Merchandise trade excludes trade in services and
construction.
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3

AGRICULTURAL PRODUCTIVITY

conventional productivity index is a

measure of the quantity of outputs

divided by a measure of the quantity
of inputs. The most widely used productivity
measures express a single output per unit of a
particular input such as land or labor. These
are partial factor productivity (PFP) indices.
Changes in PFP may arise from changes in
technology, or changes in the use of other
(unmeasured) inputs. Thus, an increase in
yields (a land PFP) could simply reflect the
increased use of fertilizer. More comprehen-
sive productivity measures are scarce and,
perhaps, now a bit outdated, but they all point
to decreases in multi-factor productivity in
LAC agriculture.’

5 A more meaningful measure of changes in productiv-
ity accounts for all inputs an outputs. This results in an
accounting of total factor productivity (TFP). In
practice the available data make it impossible to get a
truly comprehensive accounting of all the inputs used
in production, so a TFP index is really a conceptual
construct rather than a practical reality. Instead, what
are usually reported are multi-factor productivity
(MFP) indices that account for a major subset of all
inputs. Fewer inputs are omitted in the MFP index
than in the PFP measure. MFP estimates for LAC
agriculture are few in number, and now somewhat
dated, but they all point in the same direction as our

Land and labor productivity

There are significant spatial differences in
both the levels and rates of change in labor
productivity throughout LAC (Table 4).° The
Southern Cone region (excluding Brazil)
consistently produced more output per agri-
cultural worker than any other region in LAC

land productivity measures. Amade [1998] found MFP
declining in over half of the LAC countries he studied;
Trueblood [1996] found productivity declining in 77
percent of his countries; Fulginiti and Perrin [1998]
found productivity falling in 40 percent of their coun-
tries; and Hutchinson and Langhma [1999] found that
productivity was declining in all six of the Caribbean
countries they studied.

¢ Both the land and labor productivity ratios reported
here are constructed using measures of gross agricul-
tural output (i.e., crop and livestock output) based on
the production quantities reported in FAO [2003]. The
land productivity measure is a ratio of gross output to
the total hectares used in agriculture, whether irrigated
or non-irrigated cropland, pastureland, or rangeland.
Labor productivity measures are gross output relative
to the economically active agricultural population,
male and female. Given the available data, land and
labor quality differences are ignored, as are the effects
of part-time farming. The land-in-use construct takes
some account of multiple cropping by using harvested
area rather than arable land as the estimate of cropped
area (to which was added pastureland as a measure of
grazed areas to get total land used in agriculture).
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(US$11,059 per worker in 2001, denominated
in 1989-91 international prices). Brazil had
the fastest growing labor productivity: 3.9
percent per annum since 1961. In contrast,
the Caribbean had the lowest level (US$1,420
in 2001) and rate of growth (0.75 percent per
annum) of labor productivity.

The disparities in labor productivity are even
more pronounced among countries (note to
translator: eliminate reference earlier here to
Table 5). In 2001, with just 10 and 12 percent,
respectively, of the Argentine and Uruguayan
labor forces employed in agriculture, these
two countries produced more agricultural
output per agricultural worker than any other
country in LAC, except for Martinique, spe-
cifically US$18,722 (1989-91 international
prices) per worker in Argentina and
US$10,982 in Uruguay. This contrasts
starkly with Haiti’s dismal productivity per-
formance. The country (with 64 percent of its
labor force employed in agriculture) produced
just US$275 worth of agricultural output per
worker, a figure that has not grown for four
decades.

There are also marked spatial differences in
land productivity throughout LAC (Table 4
lower panel) In 2001, there US$228 (1989-91
international dollars) of agricultural output
per hectare on average, but US$53 in Bolivia
and US$2,504 per hectare in Barbados. Not-
withstanding the lackluster improvement in
land productivity in the Caribbean since 1961,
the region still ranked first in terms of value
of agricultural output per hectare throughout
LAC in 2001. Land productivity in LAC rose
much less rapidly in the 1961-2001 period
than in all developing countries of the world.

A Finer Spatial Assessment of Crop Yields

Going beyond the national level data dis-
cussed above, a greater appreciation of the
spatial distribution of production can be
developed with data available from second-

level (departments or states) and third-level
(municipio) administrative - units. Sub-
national production and area harvested data
for 43 countries in LAC for the 1975-95
period has been compiled for eight important
crops—cassava, dry beans, maize, potatoes,
rice, sorghum, soybeans, and wheat [Pardey,
et. al., 2000]. On comparing yields against
harvested areas in these more spatially disag-
gregated data, a clear bimodal pattern in rice
yields was found—a clustering of harvested
area in the 0.8 to 2.0 tons per hectare range
(mostly in Brazil), presumably reflecting rice
grown under rainfed conditions.

A second somewhat less sharply defined
clustering in the 3.2 to 5.6 tons per hectare
range is most likely irrigated rice. About 5.0
million hectares of wheat (61 percent of the
region’s total area under wheat) falls within
the 1.9 to 2.2 tons per hectare range. Virtu-
ally all of this wheat is located in the Pampas
of Argentina, a fairly homogeneous agroecol-
ogy. The spatial pattern of maize yields is the
antithesis of the pattern seen for wheat since
there is much more significant spatial dispar-
ity. A wide variety of micro-regions are
producing at quite different levels of yield
from a very broad range of germplasm. The
broad adaptability of maize germplasm would
appear to permit farmers to produce more
competitively in a wider variety of agroecolo-
gies than is the case for wheat. However,
consistent with these observations are the
greater difficulties of improving maize com-
pared to wheat in LAC—since there are so
many different kinds of agroecologies that
need to be targeted.

Comparing these yield data with world aver-
ages shows LAC average yields in the mid-
1990s to have been above world yields only
in the cases of cassava, sorghum, and soy-
beans; and, in the latter case, LAC’s yields
were but 5.0 percent higher. Finally, we
sought to show the specificity of productivity
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levels by agroecological zone (the zones are
defined in Table 7, along with the “megado-
mains” that have been adopted by
FONTAGRO). This constituted a test of the
hypothesis that certain commodities and
technologies are best suited to a few specific
environments, already seen in the wheat
yields just presented. For this purpose, our
spatial allocation maps were combined with
the regional agroecological zone (AEZ) maps
to estimate the area and production share of
each commodity in each of the region’s
AEZs. We then digitally overlaid these maps
on country boundaries. (see Figure 1)

The upper part of Table 5 shows for each crop
the share of harvested area in each
agroecological zone across the whole of LAC,
while the lower half shows the equivalent
distribution of production. A comparison of
the two halves of the Table illustrates the
variation in productivity levels among AEZs.
For example, AEZ 45, the semi-arid tropics,
contains over 27 percent of the LAC har-
vested area of beans (primarily in Northeast
Brazil), but provides only around 19 percent
of LAC production. By contrast, AEZ 31, the
moderately cool, humid/sub-humid sub-
tropics, contains 14 percent of the area but
contributes 20 percent of the production.
Similarly for rice, AEZ 43, the tropical, flat,

humid/sub-humid AEZ (primarily, in this
case, Cerrados of Brazil), contains over 30
percent of LAC’s harvested rice area that is
rainfed, but only 17 percent of its production,
while the irrigated areas of AEZ 31 contain
about 22 percent of the area and about 34
percent of the production. We see that some
commodities are strongly preferred in a few
AEZs—for example, three quarters of the
potato production comes from just AEZs 21
and 31.

If there were no productivity bias, we would
expect the proportionate area of each com-
modity found in each AEZ to be about the
same as the area shares of each AEZ in LAC
agricultural land. For example, AEZ 31
occupies 16 percent of LAC, and we would
expect to find 16 percent of the area of each
crop in that AEZ, if there were no
agroecological bias, that is, the ratio of these
percentages would be one. If the ratio is two,
the commodity is twice as concentrated in that
AEZ than uniform area shares would indicate.
Thus, for example, potatoes in AEZ 21, rice
in AEZ 30, and wheat in AEZ 32 are six to
eight times more concentrated in those AEZs.
Similarly, ratios that are less than 1.0 suggest
an unfavorable set of agroecological condi-
tions for production.
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4

POLICY AND INSTITUTIONAL DEVELOPMENTS

ertford, Pardey and Wood [2004,

forthcoming] contains a comprehen-

sive review of “economy-wide”, plus
sectoral- and commodity-specific, policies
that have affected LAC agriculture since
1960. The intention is to broaden the basis
for understanding the sector’s past perform-
ance and to support efforts to model and
measure the influence of particular policy
initiatives, especially those relating to agricul-
tural research. Here we highlight some of the
important policy details.

Following the wave of economy-wide policy
reforms that swept over the region, beginning
in the mid-1980s, most countries pursued
restrictive monetary policies in the sense that
monetary policies were typically not geared to
financing an expansion of public-sector defi-
cits. Instead, efforts were generally being
made to reduce fiscal deficits. Many coun-
tries also gradually reformed their trade poli-
cies. This typically involved the removal of a
large number of non-tariff barriers, ostensibly
to reallocate resources more in line with
comparative advantage, reduce wastage, and
lower import prices—changes that were
reinforced by trade agreements such as
MERCOSUR, CACM, CARICOM, and the

Andean Pact. The economic shocks that
followed the Russian economic crisis of 1998
spilled over to a capital flight from much of
LAC. Recessions resulted, many of which
lasted to early 2000 (and, for countries like
Argentina, have persisted to the present). In
Mexico, interest rates increased markedly and
the nominal exchange rate was allowed to
depreciate. Brazil also increased short-term
interest rates, but initially sought to defend its
currency against devaluation, eventually
abandoning this policy when it was clearly
failing. Argentina’s interest rates steadily
increased and in February 2002 the govern-
ment ended the “convertibility law” which
had fixed the exchange rate in U.S. dollar
terms. Notably, Argentina now pursues a
quite aggressive, pro-trade policy; while
Brazil, for its part, now provides export cred-
its and cash advances on exported commodi-
ties.

LAC governments have had a long history of
extensive interventions in the marketing of
agricultural goods through parastatal and
public enterprises that operated in export
markets, as well as marketing boards that
managed important items of domestic con-
sumption. Following the economic reforms
that commenced in the mid-1980s, these
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public-sector roles in marketing agricultural
goods were reduced enormously. Meanwhile,
restrictive monetary policies constrained
resources for agricultural lending and for
public-sector agricultural budgets more gen-
erally. One result was the creation by gov-
emmments of “special funds” to provide re-
sources chiefly to small producers. As private
credit tightened, investments in rural roads,
rural infrastructure, irrigation, and research
and extension were also noticeably curtailed.

When assessing sector-specific policies, it has
been observed that, for the most part, agricul-
tural policy reforms have occurred in the
context of broader economic reforms, and
agricultural policy has in most instances been
directly dictated by macroeconomic policy,
with often little explicit concern for agricul-
ture, rural development, or poverty [de Jan-
vry, et al,, 1997]. Some exceptions to this
view have occurred, however, in Brazil,
Mexico, and Colombia. Brazil, for example,
has been providing direct assistance to pro-
ducers in the form of product marketing
loans, mainly to help producers confront
international competition. In Mexico, a 15-
year program of direct payments to producers
was put in place in 1994. Payments are de-
coupled from current and future production
and from the quantity of inputs utilized.
About 65 percent of Mexican producers are
participating. The Colombian government
supports the consumption of domestically
produced agricultural commodities by resort-
ing to the tried and true method of controlling
the importation of substitutes. Both Brazil
and Colombia (as well as a few other coun-
tries, notably Panama) have come to offer
credit to agriculture and debt relief to farmers.

An examination of selected commodity-
specific policies since reforms were initiated
in the mid-1980s is revealing. We deal first
with livestock commodities, then corn/maize,
rice, soybeans, and wheat. Beef is both ex-

ported and imported throughout LAC, but no
consistent pattern of taxes on exports or im-
ports is evident. In any event, almost all the
support schemes targeted specifically at beef
producers were eliminated by the end of the
1990s. There are some exceptions, however.
The Dominican Republic, Ecuador, and Uru-
guay were providing tariff exemptions for
inputs used in beef production; and most
countries have in place sanitary and phyto-
sanitary regulations that constitute major non-
tariff threats, not only to beef, but to all live-
stock products. Consumer prices of beef have
had a history of being controlled in Brazil,
Colombia, Costa Rica, and Venezuela.

Milk has traditionally been an imported com-
modity throughout LAC, except in Uruguay
where it is an export and taxed, although in
just the past three or four years it has emerged
as an export of growing significance in some
countries.  Countries protected producers
through trade barriers and exemptions from
domestic taxes. Low milk and dairy product
prices have been generally maintained for
consumers; and milk has been used in nutri-
tional supplementation programs in Mexico,
Peru, Uruguay, and Venezuela.

In the case of pork, border measures were
used to support its price. These took two
forms: tariffs and sanitary/phytosanitary
measures. For poultry, the region has faced
stiff competition from cheap U.S. poultry
parts. As a result, chicken meat has typically
been subject to high tariffs along with various
nontariff barriers. In addition, most countries
controlled the prices of maize and sorghum
feed inputs.

Only sugar contributed more calories to aver-
age daily per capita consumption than maize,
accounting for about 15 percent of total calo-
ries in LAC. Consumers were protected by
price controls applied to corn products like
tortillas and corn flour, for example, in Cen-
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tral America, the Dominican Republic, and
Mexico. For all countries, save Argentina,
which (until recently) taxed maize exports, it
was generally an imported commodity. Brazil
adopted measures to increase its self-
sufficiency in the domestic production of
maize in the late 1990s. Input costs for maize
were subsidized, and a large credit facility
was established. Rising feed and food costs
led Colombia to reduce its import duty on
maize from 80 to 37 percent in late 1999.
Other Andean countries and Nicaragua re-
cently undertook similar actions.

Rice is quite important to LAC agriculture. In
production value terms, it was the sixth most
important crop and the third most important
grain after sorghum and maize. In consump-
tion terms (as a source of calories) it ranked
fourth, after sugar, maize and wheat. Histori-
cally, rice was either a taxed export commod-
ity or a protected import commodity, except
in Colombia where rice exports were equiva-
lently subsidized. However, as the late 1990s
approached, rice faced a generally freer mar-
ket throughout LAC. Intervention in farm
prices had been phased out, and tariff rate
quotas or variable tariffs accorded with WTO
agreements. Consumption subsidies for rice
had also been largely eliminated, although the
crop frequently appeared in market baskets
provided in various welfare schemes to poor
consumers.

After 1998, this generally freer market situa-
tion began to erode as an increased number
(and more complex array) of restrictions on
rice imports reappeared in most countries.
Brazil, Costa Rica, the Dominican Republic,
El Salvador, Nicaragua, and Panama pursued
these types of policies, although Chile and the
Andean Pact countries have not followed
suite.

As shown above, the importance of soybeans
increased markedly during the late 1980s and

1990s. Argentina and Brazil became major
exporters. Soybean exports were not taxed,
except in Argentina (only on oil and meal),
and imports were subject to fairly standard
tariff rates. Available evidence showed that
in importing countries protection overall was
positive, with most of this taking the form of
support prices paid to producers and credit
assistance. Colombia extended new credit
facilities and resources to soybean and other
oilseeds producers in 2001. Venezuela uses
licenses and tariff rate quotas to limit trade in
soybeans. Soybeans still come in for special
treatment elsewhere in the region, although
this has moderated when compared with the
policies of earlier years.

In the late 1990s, wheat was fourth in terms
of the value of crop production and third as a
source of calories. Along with the other three
crops just discussed, wheat has also been
subject to significant regulation, although the
extent of intervention appears to be decreas-
ing. Argentina, for example, removed export
taxes on wheat in 1990. Throughout the
region, subsidies on consumption were elimi-
nated by the end of the 1990s, even though a
few countries (including Guatemala, Uru-
guay, and Venezuela) retained some con-
sumer subsidies. After 1997, and in contrast
to the case of rice, import restrictions on
wheat were not raised.

Partly as a consequence of liberalized invest-
ment opportunities, and partly because of
more fundamental forces such as rapidly
urbanizing populations and growing per
capita incomes, the structure of food market-
ing is changing rapidly throughout much of
LAC. Retail food sales are rapidly becoming
the prevailing mode of delivery to consumers,
with supermarkets and self-service conven-
ience stores now dominant players in the agri-
food economy [Reardon and Berdegué, 2002].
Rough estimates are that 50-60 percent of the
region’s agri-food sales are now through
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supermarkets compared with just 10-20 per-
cent a decade ago, with these developments
being more pronounced in the larger, richer
countries of the region. The top supermarket
chains (including Wal-Mart, Royal Ahold,
and Carrefour) account for an estimated 65
percent of supermarket sales in the region, so

that private food quality standards and supply
chain management decisions made by food
retailers are having increasingly pervasive and
profound affects on commodity choice, qual-
ity, and timing of delivery by the farm pro-
duction sector.
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AGRICULTURAL RESEARCH

provide the lion’s share of the wealth

creation worldwide. But laissez-faire
markets miss some socially productive oppor-
tunities. Where markets fail, commonly in
health, education, law and order, and (espe-
cially) R&D, the strongest case for govern-
ment intervention can be made’.

Private ingenuity and economic activity

Research is a particularly risky business.
Many lines of inquiry just fail to pan out
scientifically or economically. Economists
have long studied the returns to R&D. Their
evidence is that the payoffs to investments in
agricultural research are particularly high,
even after factoring in the losers [Alston, et
al.,, 2000]. Importantly, there is no evidence
that the returns to R&D have diminished over
time, so high current returns bode well for the
future. But how much should be spent on
what types of R&D, who should pay for and

7 This section draws from Pardey and Beintema [2001],
Beintema and Pardey [2001], Beintema et al., [2000
and 2001] and Pardey, et al., [2003 and 2004]. See
also the agricultural science and technology initiative
(ASTI) web site at <http://www.asti.cgiar.org/pubs-
lac.htm> for more institutional information and science
indicators regarding agricultural R&D in LAC.

conduct the research, what is the right balance
between doing domestic R&D and tapping
technologies developed elsewhere in the
world? To help properly address these impor-
tant public policy questions, the status of
agricultural R&D in LAC must be scrutinized.

By the mid-1990s (the latest year for which
internationally comparable totals are avail-
able), there was US$21.7 billion spent
worldwide on public agricultural R&D. LAC
countries spent US$1.95 billion (international
1993 prices), or about 8.8 percent of the
global total and almost more than twice the
amount they spent in 1976. But there are
large disparities. More than half of the re-
gion’s 1996 expenditures occurred in Brazil.
And Brazil and Mexico together spend almost
two thirds of the LAC total. Three additional
countries spent more than US$100 million,
while a sizable number of countries spent
US$16 million or less.

To adjust for the size of the sector, agricul-
tural research intensity ratios, measuring total
public spending as a percent of agricultural
output (AgGDP), are commonly used. In the
mid-1990s, LAC countries invested annually
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on average US$1.12 for every US$100 of
agricultural output--almost double the 1976
figure (Table 6). Again, there are wide dis-
parities--from just 0.13 for Guatemala to over
1.70 for Brazil and Uruguay. These agricul-
tural research intensity ratios for Brazil and
Uruguay are well above those for most devel-
oping countries, but far under those for devel-
oped countries (which averaged US$2.62 of
public R&D for every US$100 of output).
Although funding from non-government
organizations (chiefly commodity-based
producer organizations) grew tenfold from
1976 to 1996, this was from a very small base
and certainly insufficient to boost LAC’s low
research intensity ratios.

Other private research has not filled the gap.
In rich countries, private firms account for
about half of total agricultural research spend-
ing. However, total private sector spending
on agricultural R&D was only 4.4 percent of
total private and public spending in LAC in
the late 1990s%, and more than half the private

8 R&D investments are measured on a location of
performer basis, irrespective of where the firm may be

headquartered.

spending occurred just in Brazil. A few other
countries, notably Honduras and Panama, host
private research facilities, accounting (respec-
tively) for seven and 46 percent of total
spending for agricultural R&D in those two
countries. Nonetheless, it seems that most of
the private technologies used in the region
were based on research done elsewhere.

After the generally dismal decade of the
1980s, public investments in agricultural
R&D rebounded in some countries during the
first half of the 1990s. But the recovery was
fragile where it did occur. Public research in
countries like Brazil and Colombia that did
better in the early 1990s suffered cutbacks in
the later part of the decade, and many poorer
(and smaller) countries have not experienced
growth in funding for the past several dec-
ades. This signals a bifurcation of research in
the region, with richer countries at least “stay-
ing in the race,” while small countries are
slipping behind.
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6

SPATIAL PERSPECTIVES
ON LAC AGRICULTURE

7’ I \wo biophysical factors that most
influence the pursuit of agriculture
and the adoption of specific produc-

tion practices are physiography and climate.

These have been characterized by elevation,

slope, rainfall, and temperature; and the re-

sulting picture for agriculture in the LAC
region is pretty favorable [Sebastian and

Wood, 2000].

Just over half of LAC lies below 300 meters,
while about 17 percent lies above 1,000 me-
ters. The Southern Cone, including Brazil,
occupies almost two thirds of the region, but
contains less than one third of the land over
1,000 meters.” Forty-four percent of Meso-
america is above 1,000 meters, significantly
more than the equivalent 28 percent of the
Andean Region and

® Frequently, we separate out Brazil because its com-
paratively large economic size makes it of intrinsic
interest and it typically dominates sub-regional and
regional totals if included in these figures. The re-
gional groupings referred to here include the Southern
Cone comprising of Argentina, Brazil, Chile, Paraguay
and Uruguay; Mesoamerica comprising of Belize,
Costa Rica, El Salvador, Guatemala, Honduras,
México, Nicaragua, and Panami; and the Andean
Region comprising of Bolivia, Colombia, Ecuador,
Peri and Venezuela.

ar greater than the 8.0 percent of the Southern
Cone lands.'®

We also found that 41 percent of LAC is
essentially flat (less than five percent slope),
and that just over two thirds of these flat lands
are found in the Southern Cone. A remarkable
55 percent of Mesoamerica is occupied by
moderate to steeply sloping lands (greater
than 16 percent slope) compared to 33 percent
and 13 percent of Andean and Southern Cone
sub-regions respectively. Slope has many
influences on agroecosystem capacity and
management options, including drainage
needs and soil erosion hazards, as well as
mechanization and irrigation potential.
Around two thirds of LAC has average annual
temperatures in the range of 20-27 degrees
Celsius, with the areas of 20-25 degree aver-
age annual temperature in the Southern Cone
alone occupying around 25 percent of LAC.
LAC agriculture also has reasonably good
access to water, measured by average annual
precipitation.  Sixty-eight percent of the
region enjoys an average annual rainfall

19 See Wood and Pardey [1998] for a discussion of the
changing estimates of land area by elevation class for
LAC. Significant land areas have been reclassified as
better, satellite-derived, digital elevation data have
become available.
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greater than 1,000 millimeters (the derivation
of a more robust water availability variable,
the length of growing season, is discussed
below). Mesoamerica (primarily Mexico) and
the Southern Cone (primarily the Atacama
Desert) have the largest shares of drier areas
(an average of less than 250 millimeters of
rainfall per year), occupying 10.0 and 7.6
percent of their lands respectively.

While physiography and climate tend to be
the dominant determinants of the biophysical
capacity of land to support agriculture, soil
quality is also important. Figure 2 indicates
the proportion of each 5 x 5 km mapping cell
that is free of soil constraints, and the most
dominant soil constraints within each cell. We
found that up to 55 percent of the land area in
LAC is constrained by one or other manifesta-
tion of soil acidity. Where economically
feasible, the management response to this
problem has been to apply lime or use acid
tolerant crops or crop varieties. The other
regionally significant constraint is that of
shallow and gravelly soils (13 percent of the
area), the former often associated with sloping
lands. Only about 12 percent of all LAC soils
are dominantly free from constraints.

However, unless new technologies, land use
policies, or large-scale migration open up
major new areas of agricultural land, the
spatial pattern of future research and devel-
opment impacts--in terms of productivity,
natural resources, and rural household wel-
fare--will most likely be determined by the
current geography and location of agricultural
production. We now turn to those aspects of
the sector.

A high proportion of agricultural land in LAC
is committed to pasture (Table 7). Only
Oceania (primarily Australia) has a much
higher share of land in pasture--some 88
percent of total agricultural land compared
with around 80 percent for South America

and 81 percent for Africa. Contrary to trends
in both Oceania and Africa—where the area
in pasture declined after the mid-1980s—
pasture area grew continuously for the past 30
years in South America, though the rates have
been declining. Pasture in Africa has hardly
changed in the most recent 10 years (1992-
2001) and actually declined in Oceania. The
area of irrigated agricultural land has grown
throughout LAC. The global rate of expan-
sion in irrigated area in the 1992-2001 period
was around 0.9 percent per annum, Brazil,
however, expanded its irrigated areas at well
above the global average rate. To obtain
spatially disaggregated understandings of
agriculture, sub-national production statistics
and land cover maps have been the two pri-
mary sources. Of increasing availability and
usefulness are data from a variety of satellite-
based sensors that detect and record the nature
of the earth’s land cover.

We found that around 31 percent of the total
land area in LAC was being used for agricul-
ture. Roughly one quarter of that area is
being intensively cultivated. Areas contain-
ing more than 60 percent of agricultural land
cover account for 7.7 percent of the 31.1
percent of land that is agricultural. The
Southern Cone contains approximately 38
percent of the land under agriculture, while
the other sub-regions have between 17 and 21
percent. The Caribbean and Mesoamerica are
the most intensively cultivated in terms of the
proportion of agricultural land that falls in the
greater than 60 percent agriculture land cover
class. The Southern Cone and Andean sub-
regions have only around 20 percent of their
agricultural land in this higher intensity agri-
cultural land cover class.

Beyond these broad, but nonetheless informa-
tive, classifications of land types, it is useful
for technology assessment purposes to be
more explicit about the agroecological attrib-
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utes of geographical areas.!' Here the term
agroecological zones (AEZs) is used to de-
note geographical areas within which the
potential biophysical impact of a new tech-
nology on a particular crop is expected to be
reasonably uniform. Our definition was
earlier shown in Table 7. A feature of this
classification system is that it identifies exist-
ing production areas and distinguishes be-
tween rainfed and irrigated areas for the first
time in a regional dataset. Apart from includ-
ing a rich set of attributes, supporting charac-
terizations of land at the sub-national level,
this classification has been applied to the
world and, therefore, provides a more general
basis for considering the direct and spillover
consequences of technical change.

Some 25 percent of the agricultural land in
LAC falls within the flat, rainfed, sub-humid,
warm sub-tropics/tropics (AEZ 43). Much of
the agricultural land in the Brazilian cerrados,
Venezuela, Northern Argentina, and the
savannahs of Bolivia is so classified. The
rainfed, cool/cold sub-tropics (AEZ 31) are
the next most extensive area, accounting for
16 percent of agricultural area. This zone
occurs almost exclusively in the Southern
Cone countries, including southern Brazil,
Uruguay, the Argentine Pampas, and central
Chile.

While AEZs 31 and 43 constitute about half
of the agricultural area in the Southern Cone,
AEZs 21 and 43 jointly account for about half
of the agricultural area in the Andean Region.
The agricultural land in Mesoamerica is
agroecologically diverse, although the rain-
fed, sloping, warm sub-tropics and tropics
(AEZ 44)—more popularly known as the
“well-watered hillsides”—account for about

t Other aspects, like infrastructure, have different

spatial dimensions that affect spatial patterns of adop-
tion. The AEZs need not coincide with spatial patterns
of adoption.

30 percent of the agricultural land in this sub-
region. .

We have also developed a comparable pro-
duction database for the whole of LAC for
eight commodities comprising two thirds of
all harvested area in the mid-1990s—cassava,
dry beans, maize, potatoes, rice, sorghum,
soybeans, and wheat—using satellite data
interpretations of the location of agriculture
and its spatial intensity, maps of the spatial
variation in the biophysical production poten-
tial of each crop, and any other data on the
spatial distribution of crops and pasture,
cropping intensities, and crop prices. From
this we developed crop-specific production
maps for a base period 1993-95 (earlier pre-
sented as Table 8). A significant share of the
harvested areas for the eight crops occurs in
just four agroecological zones. About 32
percent of the region’s harvested area for
cassava occurs in AEZ 43, as does 31 percent
of the rice area, and 19 percent of the har-
vested area under sorghum. AEZ 31 accounts
for 29 percent of the maize area, 40 percent of
the soybean area, and 60 percent of the har-
vested wheat area. About 46 percent of the
harvested area for potatoes falls in the moder-
ately cool to cool tropics (AEZ 21), while 27
percent of the harvested area for beans lies in
the flat, semi-arid, tropics (AEZ 45). An
indication of the concentration of crops ac-
cording to their agroecological extent is the
share of total harvested area that occurs
within the two most important agroecological
zones for each crop. Results show that 37
percent of the sorghum area lies within two
zones, along with 43 percent of the bean area,
and 48 percent of the maize area. The re-
gion’s potato and wheat areas have excep-
tionally limited agroecological extents, as 75
percent of the potato area and 88 percent of
the wheat area occur in just two AEZs.

For most commodities, the zonal pattern of
harvested area corresponds closely to the
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pattern of production, although there are two
exceptions. The most extensive cultivation of
beans occurs in AEZ 45, containing some 27
percent of the harvested area and 19 percent
of LACn production, yet the largest produc-
tion share occurs in AEZ 31 which accounts
for 20 percent of the bean production and
only 14 percent of the harvested area. Figure
1 shows that AEZ 45 is primarily found in
Northeastern Brazil, where there is a prepon-
derance of poor people working land with
limited agricultural potential and where beans
are a staple food, whereas AEZ 31 includes
the major commercial bean producing areas

of Argentina, output from which is primarily
exported. For rice, AEZ 43 accounts for the
dominant share of harvested area—some 31
percent of the region’s total rice area—but
only 17 percent of the production, while the
22 percent of harvested area in AEZ 30 pro-
vides 34 percent of production. This disparity
in area harvested and output produced primar-
ily reflects the differences between the exten-
sive, rainfed cultivation of rice in the Cerra-
dos region (AEZ 43) and the irrigated produc-
tion systems prevailing in southern Brazil
(AEZ 30).
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7

STRATEGIC ASSESSMENTS OF
THE LOCAL AND SPILLOVER EFFECTS OF R&D

’ I \he great importance of technology
spillovers—the adoption of research
results beyond their place of origin—

has been succinctly summarized:

. . First, intranational and international
spillovers of public agricultural R&D are
very important. In the small proportion of
studies that has taken them into account,
spillovers were responsible for a sizeable
share—in many cases, more than half—of
total measured agricultural productivity
growth and the corresponding research
benefits. Second, spillovers can have pro-
found implications for the distribution of
research benefits. . . depending on [a coun-
try’s] trade status and capacity to adopt the
technology. Third, it is not easy to measure
these impacts. . . Finally, because spillovers
are so important, research resources have
been misallocated both within and among
nations,[if spillovers are not taken into ac-
count] [Alston, 2002, pp.316-17].

Clearly, research investments whose conse-
quences are entirely domestic, within a na-
tion, are a nation’s own business. But re-
search investments that have regional appli-
cability should, in principle, be treated as
regional public goods. The research should

be conducted on a regional basis. Absent
binding regional governance mechanisms,
some nations would act as “free riders,” that
is, benefiting from research for which they
have not paid and underinvesting because
they can count on spillovers from elsewhere
making up for their reduced investment.

In short, agricultural R&D undertaken in one
place may have implications for other places
through prices and trade, or because the tech-
nology itself can be adopted elsewhere.
Research is typically funded on the basis of
geopolitical (e.g., country) jurisdictions,
whereas research spillover potentials are
heavily conditioned by agroecological simi-
larities. Moreover, different crops are pro-
duced with different intensities in different
agroecological zones. But, typically,
agroecologies span multiple funding jurisdic-
tions. Thus, when assessing the productivity
and other consequences of agricultural R&D,
it is desirable to also estimate the geopolitical
as well as agroecological incidence of the
benefits from R&D. Matching the geopoliti-
cal incidence of the benefits with the inci-
dence of the costs is critical for conceiving of
plausible, collective—specifically, regional—
R&D initiatives. In this way, the costs of any
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collectively conceived R&D can be shared
with the benefits so countries can support the
research in proportion to the expected benefits
they are likely to receive. Armed with infor-
mation on the likely geopolitical incidence of
the benefits it is possible to ameliorate the
free-rider problems that often bedevil regional
research initiatives. The ex ante (forward
looking) assessment of LAC agricultural
R&D, done by Alston, et al., [2004] that is
briefly summarized here, is the first study to
comprehensively and simultaneously identify
the agroecological and geopolitical incidence
of the benefits from R&D.

The model, designed for investigating the
implications of research spillovers in an
agroecological cum geopolitical dimension, is
an extension of the Dream model that was
designed to measure returns to commodity-
oriented agricultural research in an open-
economy setting, allowing for price and tech-
nology spillover effects between the locale
(country, region, or agroecological zone) in
which the research originates and other areas
of the world.'> The model combines percent-
age research-induced supply shifts with func-
tions that represent the projected pattern of
adoption of technology over time. Measures
of economic benefit are computed from 1994
to 2020 and discounted back to a base year to
compute the present values of benefits.

Two major sets of technology simulations
were formulated [Alston, et al., 2004]). The
first took new technologies to be introduced
on a country-by-country basis, while the
second introduced new technologies to
agroecological zones (AEZs) which typically
span one or more countries. For both the
country-specific and AEZ-specific simula-
tions, two groups of runs were performed.

12 The DREAM model is detailed in Alston, Norton and
Wood [1998). A computer program and implementation
guidelines for the applications reported here can be
downloaded from http://www.ifpri.org (search for dream).

One assumed that the new technology could
not pass from the originating country (or
originating AEZ) to any other. These were
called the “without technology spillover
simulation runs.” For the second group of
runs the new technologies were transferred
from the originating country (or originating
AEZ) to any other country (or AEZ). These
were dubbed the “with technology spillover
simulation runs.” The technology effect
manifests itself in the model as a one-shot
productivity increasing (or ost reducing)
effect in the targeted country or agroecol-

ogy."

Table 8 shows the sub-regional and LAC-
wide benefits from research-induced zone-
specific technical changes that were repre-
sented as one-percent supply shifts on a zone-
by-zone basis for each of the eight crops.
Thus, for example, the upper block of results
gives the total benefits arising from a one-
percent supply shift in each of the seven
agroecological zones in which bean produc-
tion occurred in the base year 1994 (which
was calibrated empirically using an average
of three years of data centered on 1994).
Since the results refer to different (zone-
specific) changes in technology, it would not
make sense to sum the measures of benefits
across zones (i.e., across technical changes)
within a geopolitical sub-region.'* It does,
however, make sense to sum across sub-
regions for a single zone-specific technologi-
cal change (this amounts to adding up benefits
within a zone, across geopolitical borders),
and we do this for each of the eight crops.

3 More formally, the research-induced effects are introduced
into the model as equilibrium displacements, represented as
downward shifts in supply. Specifically, our “with-" versus
“without-R&D” comparisons involved a localized one
percent reduction in the unit costs of production at full
adoption.

' It might make sense to add up the measures of benefits
across zones, if we had in mind a simultaneous release of two
different technologies, applicable in different zones or,
equivalently, partial spillovers between zones of a zone-
specific technological change.
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This allows us to compare the total benefits,
as well as their distribution among countries
and sub-regions, arising from different zone-
and crop-specific technological changes.

Comparing among sub-regions within a zone,
we see, for example, that almost all the bene-
fits from innovations in bean production
within AEZ 31 accrue to Southern Cone
countries (US$116,473 of a total of
US$117,516). In contrast most of the benefits
from improvements in bean technology appli-
cable in AEZ 40 accrue to Mesoamerican
countries. Table 8 makes it clear that the
geopolitical incidence of R&D benefits is
affected not only by the crop being researched
but also by the agroecological orientation of
the R&D. Several questions can be addressed
using the information in this table. Suppose
that it is equally easy (i.e., would cost the
same) to achieve a one-percent zone specific
improvement in productivity of any of the
eight crops. Then we can determine which
type of technological change would be pre-
ferred by each of the sub-regions, or the LAC
region as a whole, simply by comparing the
benefit estimates.

First, consider LAC as a whole. Among all
the technological changes represented in
Table 8, LAC would benefit most from a one
percent improvement in productivity in soy-
beans in AEZ 31 (worth US$700 million),
followed by maize in AEZ 31 (worth US$599
million) and then soybeans in AEZ 43 (worth
US$567 million). The Southern Cone sub-
region would rank these top three types of
productivity increases in soybeans and maize
in the same order as LAC as a whole. The
other sub-regions would rank the technologi-
cal changes differently. For instance, the
Mesoamerican sub-region would gain most
from an improvement in maize productivity in
AEZ 44 (worth US$172 million), and would
also gain substantially from maize productiv-
ity improvements in AEZs 42, 43, and 45,

(US$27 million, US$26 million, and US$82
million), as well as sorghum.in AEZ 45
(US$33 million)—all in the warm tropics and
subtropics. In the Caribbean region, the
highest-ranking technological changes are for
rice in AEZ 40 (US$29 million) and cassava
in AEZ 44 (US$14 million), with significant
gains from rice improvement in other zones
(42, 43, and especially 44)—again, all in the
warm tropics and subtropics. In contrast, in
the Andean sub-region (perhaps, not surpris-
ingly) potatoes rank high, with the greatest
benefits from productivity gains in AEZ 21
(US$203 million); the next-highest ranking is
rice in AEZ 21 (US$101 million)—the cold
tropics. Alternatively, we can ask, commod-
ity-by-commodity, where should the research
be focused, among agroecological zones so as
to yield the biggest payoff to the LAC region
(or particular subregions)? For beans, the
answer is not clear. Four zones (21, 32, 44,
and 45) offer roughly equal benefits to the
region from one percent productivity gains
(about US$120 million). But these different
AEZs are distributed quite differently among
sub-regions so the alternatives imply very
different patterns of benefits within LAC
(e.g., Mesoamerica reaps most of the benefits
from bean productivity gains in AEZ 44,
while the Southern Cone reaps most of the
benefits from bean productivity gains in AEZ
45).

For cassava, the highest payoff is from pro-
ductivity gains in the warm tropics and sub-
tropics, especially AEZs 43 (US$334 mil-
lion), 44 (US$252 million), and 42 (US$237
million), with most of these benefits accruing
to the Southern Cone sub-region. For maize,
the ranking is more pronounced, with AEZ 21
in the cold subtropics (US$604 million) well
ahead of the next-ranked AEZs 44 (US$292
million) and 43 (US$280 million); note also
that the regional distribution of benefits is
very different between these zones. For
potatoes, AEZ 21 offers the highest payoff,
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mostly in the Andean sub-region. For rice,
AEZ 31 offers the greatest payoff to LAC as a
whole (US$396 million), almost entirely
within the Southern Cone; the next-highest
ranked zone is AEZ 43 (US$224 million) with
somewhat less-concentrated benefits. For
sorghum, AEZ 45 offers the highest payoff
(US$38 million). For soybeans, as noted
earlier, AEZs 31 (US$700 million) and 43
(US$567 million) offer the greatest payoff,
almost all within the Southern Cone. Finally,

for wheat, AEZ 31 dominates (US$271 mil-
lion) and, again, the benefits accrue almost
entirely to the Southern Cone. This new
approach to evaluating the consequences of
agricultural R&D can help allocate future
R&D resources at different spatial scales of
decision-making—be it allocating resources
among crops and agroecological zones within
a country, or for sub-regional groupings of
countries, or for the LAC region as a whole.
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8

INNOVATION IMPLICATIONS

’ l \he agricultural productivity patterns
for LAC reviewed above were mixed.
Overall, in terms of basic land and

labor productivity, the region lagged develop-
ing-country (especially Asian) developments.
There were exceptions to these general trends,
however. The high growth chicken meat and
soybeans commodities benefited from ena-
bling policy regimes which have been shifting
toward less government intervention. Equally
(and, perhaps, more) important, both com-
modities had access to substantial productiv-
ity-enhancing technologies developed outside
of LAC which they aggressively adopted.
Soybean production is more circumscribed by
agroecological influences than is chicken
production in (largely climate-controlled)
confined conditions. Thus, more local screen-
ing and adaptive research was required to
tailor the spillin soybean technologies to the
specific agroecologies of Brazil, Argentina
and elsewhere.

Actively scouting for technological opportu-
nities from outside, and adapting those tech-
nologies as required, will continue

to be critical to the success of LAC agricul-
ture. This is true whether the technologies
come from other countries in the region, or
from countries elsewhere in the world. Re-
grettably, many LAC countries appear too
small to support a critical mass of domestic
research capacity. Research capacity con-
straints in national systems are becoming
more apparent as agricultural science be-
comes more complex, e.g., the technical and
legal complexities surrounding biotechnol-
ogy-based innovation. Such changes are
driving even higher the investment thresholds
required to sustain domestic innovation ca-

pacity.

In dealing with these and related realities, we
see the following priorities for LAC:

Refinanance agricultural R&D
Reverse negative agricultural
funding trenes

Fine tune R&D programs to:

R&D

» Tap technological spillins and con-
duct necessary adaptive research

» Target original research where
spillins are less accessible, e.g.,
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technologies chiefly of relevance for
the warm, humid tropics.

Some countries are already pursuing such
strategies. Brazil, for example, established
research labs in Montpellier, France and
Beltsville, Maryland (U.S.) staffed with Bra-
zilian researchers conducting joint research
with host country collaborators.'” Continued
trade and investment liberalization will fur-
ther open borders to ideas (increasingly mani-
fest as proprietary intellectual property) and
inputs (that also embodied much technology).

There are interesting regional options in LAC
for collectively conceived, funded, and man-
aged R&D. For example, the region has its
several PROCIs (los Programas Colabora-
tivos de Investigacion), and there is also the
Fondo Latinoamericano de Arroz de Riego
(FLAR), founded in 1995 to facilitate

' These spillins have tangible economic consequences.
For example, new evidence for Brazil estimates that
upwards of 20 percent of the $12.5 billion in benefits
derived since 1981 from improved soybean varieties is
attributable to spillins from the United States (and
similarly up to 12 percent of the benefits from im-
proved edible beans varieties are spillins from interna-
tional research) [Pardey, et al., 2004]. Continuing to
capture these spillin benefits is critical fo in southern
Brazil (AEZ 30). r the furtherance of LAC agricul-
ture, mainly because over 90 percent of agricultural
R&D takes place outside LAC.

R&D relating to irrigated rice.'® In 2002,
public and private agencies from 12 counties
(plus CIAT and IRRI) pooled almost
US$600,000 for FLAR sponsored rice re-
search which is focused on varietal improve-
ment. And then there is FONTAGRO which
is building an endowment, the annual earn-
ings from which are allocated on a competi-
tive basis by its owners/beneficiaries for
agricultural R&D throughout the region.

Such cross-country collective action has the
potential to exploit research opportunities in
LAC that otherwise would be lost, because
their investment threshold is beyond that of
individual countries. Theses same institutional
mechanisms might also be better positioned to
capture the potentially large regional benefits
from technological spillins in a cost-effective
fashion.

'® The institutional and financial details regarding
FLAR are described in Binenbaum, Pardey and Sanint
[2004]. The design principles for FLAR were inspired
by the Australian Research and Development Corpora-
tions (RDCs). The RDCs are industry-specific institu-
tions (for example, for the grains, cotton, dairy, grapes
and wine sectors) to generate checkoff funding (via
commodity levies), matched with general taxpayer
funds to support agricultural R&D [Alston, et al.,
1999].
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APPENDIX

Table 1--‘World and LAC: Growth in the Production of Crops and Livestock, 1961-

2002
1961-2002 1993-2002
Crop Livestock Total Crop Livestock Total
(percent per year) (percent per year)
Mexico 1.97 3.32 2.61 2.09 3.62 2.84
Mesoamerica (excluding Mexico) 2.33 3.25 2.66 2.03 2.81 231
Mesoamerica 2.06 3.30 2.62 2.08 347 2.72
Caribbean -0.87 -0.19 -0.62 2.82 1.45 230
Andean Countries 2.55 3.09 2.82 2.43 3.28 2.85
Brazil 2.32 4.89 3.44 3.24 4.78 3.94
Southern Cone (excluding Brazil) 4.00 1.64 2.89 4.68 0.80 2.87
Southern Cone 2.89 3.69 3.25 3.74 3.38 3.57
Latin America and the Caribbean 2.51 3.39 291 3.21 3.32 3.26
(47)
Asia (40) 3.06 5.54 3.81 2.79 4.57 3.36
Sub-Saharan Africa (53) 3.35 2.27 3.06 3.06 2.73 297
Developing Countries (183) 3.06 4.94 3.66 293 431 3.39
United States 1.98 1.92 1.95 1.41 1.92 1.65
Western Europe (29) 0.67 0.21 0.41 1.34 0.42 0.83
Developed Countries (67) 039 -041 -0.03 0.78 0.20 0.48
World (246) 2.12 1.95 2.05 222 2.20 2.21

Source: Compiled by the authors from FAOSTAT (2004)

(nn) Denotes number of countries.

Note: Caribbean: Antigua, Barbuda, Bahamas,

Barbados, Belize, British Virgin Islands, Cayman Island, Cuba, Dominica, Dominican Republic

Falkland Island, French Guiana, Grenada, Guadeloupe, Guyana, Haiti, Jamaica, Martinique, Montserrat,
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Table 2—LAC: Top Ten Crops, 1961-2001 (crops are listed by their 2001 rank)

Rank Commodities 1961 1971 1981 1991 2001  1961-2001
(percentage of total) (% per year)
1 Soybeans 0.2 1.4 84 9.9 17.9 13.8
2 Maize 9.9 11.7 11.9 9.9 12.0 28
3 Sugar Cane 12.1 10.4 10.7 123 103 28
4 Oranges 24 3.1 5.1 6.4 5.0 54
5 Rice, paddy 5.1 49 53 49 4.6 25
6 Coffee, green 10.9 6.8 6.9 5.6 44 1.0
7 Bananas 5.6 6.3 44 4.7 4.0 1.7
8 Wheat 4.5 39 39 4.1 39 2.2
9 Beans, dry 53 55 44 42 28 1.1
10 Cassava 48 5.8 3.7 3.1 24 0.0

Other crops 39.2 40.0 353 34.8 32.8

Total 100 100 100 100 100

Source: Compiled by the authors from FAOSTAT (2004) and 1989-91 prices in international dollars

Table 3—LAC: Top Ten Livestock Products, 1961-2001 (products are listed by

2001 rank)
Rank Commodities 1961 1971 1981 1991 2001 1961-2001
(percentage of total) (% per year)
1 Beef and Veal 54.0 49.2 48.5 47.7 41.2 24
2 Chicken Meat 2.6 5.1 9.2 12.8 20.7 8.3
3 Cow 19.9 22.1 20.3 19.8 19.8 2.8
Milk,whole,fresh
4 Pigmeat 8.7 9.3 9.7 7.4 7.8 2.6
5 Hen Eggs 3.8 49 5.9 7.1 6.8 4.7
6 Mutton and Lamb 3.1 2.8 1.4 1.2 0.8 -0.5
7 Wool, greasy 4.7 3.5 24 1.7 0.7 -1.3
8 Honey 0.5 0.5 0.6 0.6 04 2.7
9 Turkey Meat 0.1 0.1 0.2 0.2 04 6.0
10 Horsemeat 0.8 09 0.5 04 04 0.1
Other livestock 1.7 1.5 1.3 1.2 09
Total 100 100 100 100 100

Source: Compiled by the authors from FAOSTAT (2004) and 1989-91 prices in international dollars
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Table 4: LAC Land and Labor Productivity in Agriculture, 1961-2001

1961 1971 1981 1991 2001 Growth
rate
(1989-991 international dollars) (% per
year
Labor Productivity
Mexico 1,077.9 1,538.2 1,997.8 2,116.1 2,784.9 1.95
Mesoamerica (excluding Mexico) 836.1 1,136.6 1,286.4 1,343.5 1,507.8 1.18
Mesoamerica 1,005.2 1,408.2 1,780.1 1,871.2 2,349.8 1.75
Caribbean 1,025.6 1,178.3 1,390.8 1,429.4 1,420.0 0.75
Andean Countries 1,061.6 1,305.1 1,519.4 1,781.7 2,189.3 1.68
Brazil 1,215.7 1,481.0 2,119.3 3,209.7 5,509.7 3.94
Southern Cone (excluding Brazil) 5,490.6 6,686.2 8,499.1 8,879.8 11,0594 1.55
Southern Cone 1,969.8  2,254.8 3,034.7 4,208.0 6,653.1 3.10
Latin America and the Caribbean 1,464.1 1,761.7 2,261.7 2,768.7 3,822.0 2.34
Asia 2779 329.6 382.5 480.2 642.8 2.11
Sub-Saharan Africa 3129 3489 330.8 360.5 3944 0.38
Developing Countries 336.1 393.4 4514 547.8 7139 1.85
United States 18,754.7 30,060.7 37,302.5 41,429.7 59,832.1 2.59
Western Europe 3,9480 7,058.3 10,610.7 15,869.5 23,411.7 440
Developed Countries 3,055.1 5,137.2 7,088.6 9,1304 12,0125 3.26
World 702.4 832.3 902.1 971.0 1,110.8 1.01
Land Productivity
Mexico 76.5 114.7 176.9 193.5 250.8 2.74
Mesoamerica (excluding Mexico) 177.1 254.1 283.0 293.5 3633 1.37
Mesoamerica 89.1 1339 1929 209.7 269.0 248
Caribbean 381.8 410.3 472.4 468.2 510.5 0.63
Andean Countries 62.7 81.7 102.8 126.4 161.7 2.28
Brazil 114.7 123.6 166.6 203.9 2874 248
Southern Cone (excluding Brazil) 82.0 93.3 1194 135.1 168.2 1.73
Southern Cone 95.9 108.1 143.8 171.4 231.3 2.25
Latin America and the Caribbean 93.2 1124 149.1 173.8 228.0 221
Asia 164.5 212.8 270.0 354.2 483.8 2.73
Sub-Saharan Africa 325 425 48.4 619 79.0 2.10
Developing Countries 98.2 126.4 163.8 215.0 293.7 2.79
United States 261.6 344.6 404.9 438.3 5344 1.69
Western Europe 819.9 1,022.2 1,201.4 1,363.9 1,462.6 1.44
Developed Countries 218.3 280.5 317.3 352.0 357.5 1.17
World 144.9 184.2 220.8 262.3 315.1 1.90

Source: Compiled by authors from FAOSTAT (2004).
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Table 5: LAC: Harvested Area and Production for Eight Strategic Crops by
Agroecological Zones, 1993-95

gfrn (;ecologncal Beans Cassava Maize Potatoes Rice Sorghum Soybeans Wheat
(percentage)

Harvested area
Aez20 0.56 0.45 1.40 3.17 0.58 1.46 0.02 1.37
Aez21 12.50 499 1120 4597 7.12 11.02 2.25 3.68
Aez30 2.21 341 0.70 240 7.62 0.13 1.07 1.21
Aez3l 14.03 688 2935 2861 2182 18.16 3994  59.54
Aez32 0.69 0.00 2.12 1.99 0.00 12.83 513  28.67
Aez40 2.29 1.46 1.23 2.10 1.96 1.87 0.06 0.10
Aez4l 2.19 3.25 2.07 0.03 1.88 6.12 0.83 0.11
Aez42 376  14.21 6.86 1.65 7.59 2.38 5.07 2.03
Aez43 1536  32.30 18.16 1.67 3048 18.67 28.64 0.46
Aez44 16.18 18.32 16.03 3.63 14.16 6.91 7.95 0.88
Aez45 2734 1420 9.43 8.69 540 18.15 6.86 1.32
Aez46 2.89 0.52 1.44 0.11 1.39 2.30 2.19 0.65

oJTotal 100100 100 100 100 . . 100 .. .100 . 100

Crop production
Aez20 0.9 0.5 14 35 0.9 2.1 0.0 2.6
Aez2] 15.4 5.7 10.5 414 7.5 8.7 2.6 29
Aez30 29 33 1.4 1.8 11.7 0.1 1.0 13
Aez3l 20.2 10.0 38.0 34.0 34.2 22.6 38.1 57.9
Aez32 1.2 0.0 33 2.0 0.0 15.1 58 30.1
Aez40 3.1 0.7 1.1 25 1.9 1.5 0.1 0.2
Aez4l 22 3.1 1.8 0.0 24 4.6 0.9 0.2
Aez42 3.7 17.8 5.6 1.8 6.8 1.7 54 1.9
Aez43 12.6 28.5 16.3 1.7 16.8 204 30.0 0.4
Aez44 16.2 17.7 14.0 33 11.5 4.0 7.6 0.6
Aez45 18.7 12.5 54 19 4.8 16.1 6.2 1.1
Aez46 29 04 13 0.1 1.5 3.0 23 0.8
Total 100 100 100 100 100 100 100 100

Source: Calculated by authors.
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Table 6: World and LAC: Public and Private Agricultural R&D Indicators, circa i
1995

Developing World Developed Total
LAC Total World World

Agricultural R&D Expenditures

(millions 1993 international dollars)

Public 1,947 11,469 10,215 21,684
Private 91 672 10,829 11,511
Total 2,038 12,141 21,044 33,194

Agricultural Research Intensity Ratios

(percentages)
Public 0.98 0.62 2.64 1.04
Private 0.01 0.04 2.80 0.61
Total 0.99 0.66 5.43 1.65

Source: Data used in Pardey and Beintema [2001]
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“Table 7: Regional Land Use Patterns and Rates of Change of Land Use, 1992-2001

A. Land Use Patterns, 1999-2001 Averages

Agricultural Share of Share of Crop-
Land Agricultural Land in land in:
REGIONS Total Land Area  Percentof Pasture Cropland Irrigated Land
Total Land
(thousand has.) (percentage)

AFRICA 2,963,313 1,106,527 37.3 81.3 18.7 6.1
ASIA 3,098,214 1,672,783 54.0 66.3 33.7 33.7
THE AMERICAS 3,855,775 1,268,969 329 69.1 30.9 10.6
North America 1,837,993 486,963 26.5 54.0 46.0 10.3
United States 915,896 412,203 45.0 56.8 43.2 12.6
C. America & Caribbean 264,836 141,772 53.5 69.8 30.2 18.9
South America 1,752,946 640,234 36.5 80.3 19.7 83
Brazil 845,651 261,877 31.0 749 25.1 44
EUROPE 2,260,161 489,264 21.6 37.3 62.7 83
OCEANIA 849,137 474,304 55.9 88.4 11.6 4.8
WORLD 13,067,673 5,012,085 384 69.6 304 17.8

B. Rates of Change of Land Use by Land Class, 1992-2001

REGIONS Agricultural Pasture Cropland Irrigated
Land Land

(percentage per year)
AFRICA 0.14 0.01 0.73 0.76
ASIA 0.28 0.34 0.17 1.14
THE AMERICAS 0.11 0.08 0.18 0.62
North America -0.31 -0.22 -0.42 0.58
United States -0.37 -0.24 -0.54 0.59
C. America & Caribbean 0.18 0.10 0.37 0.44
South America 0.42 0.23 1.25 0.86
Brazil 0.68 0.50 1.24 1.15
EUROPE -0.18 0.24 -0.42 -0.38
OCEANIA -0.26 -0.38 0.69 0.95
WORLD 0.11 0.09 0.14 0.89

Note: Growth Rates are for areas.
Source: Compiled by authors from FAOSTAT (2004)
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Figure 1: Prototype Agroecological Zones (AEZs) within the LAC Cropland Extent

L ofd
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Source: IFPRIreinterpretation of data fom USGS EDC
1998/1999; ILASA/FAD 1099 University of Kassel 1999
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INTRODUCTION

publishes data on cropland, pastureland, labor used in agriculture, fertilizer,

seeds, tractors and combine harvesters and animal stocks. Our purpose in
this chapter is to utilize these data to calculate rates of change in Total Factor
Productivity (TFP) for crop production, livestock production and aggregate
agricultural production for two periods, 1961-1980 and 1981-2001.

l I\AO publishes data on production of crops and livestock. FAO also

These calculations have clear limitations, given the nature of the data on which
they are based,. The first limitation is that we only compute rates of change in
TFP. TFP levels cannot be compared across countries. The second and most
important limitation is that we do not make adjustments for input “quality”
changes (although in part VII of the paper we do so indirectly). The TFP
calculations reported in this chapter should be regarded as “raw” calculations.

There is one merit to these raw TFP growth calculations relative to calculations in
the literature. And that is that these indexes have a “standardized” quality. A
common methodology is applied for the calculation of share weights for all
countries. A common time period is utilized for all countries. The fact that we
have not attempted input quality adjustments also contributes to the standardized
nature of the calculations.

In part II of this chapter we detail the methods used in our calculations. In part 111
we summarize the calculations by region. Part IV defines a two-way classification
of Technological Capital (Innovation Capital and Imitation Capital). In Part V, an
analysis of changes in Technology Capital is reported. In Part VI, TFP growth
rates are related to Technological Capital. In Part VII, a statistical TFP
decomposition analysis is reported. This analysis is designed to identify “sources”
of TFP growth. Concluding comments are offered in Part VIII.
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2

METHODS

restrictive derivation is from the accounting relationship in which the
value of products is equal to the value of factors used to produce these
products.

r I \FP indexes can be derived in several comparable ways. The least

A. THE ACCOUNTING RELATIONSHIP DERIVATION
£PQ,=PQ=XRI, =Rl 0

where P; are product prices, Q; product quantities, R; input prices and I; input
quantities.

P and R are price vectors, Q and I product and input vectors.
This accounting relationship simply requires that inputs, I;, receive payments, R;,

that exhaust the total value of production (}° P,Q ). It does not require that all
producers be technically efficient in the sense that they produce on a production

function. Nor does it require that producers are allocatively efficient.
When (1) is expressed in a “rate of change” form, the resultant expression is

o0 ol
——dt+ P—dt= I ’dt+ R Ldt )
ZQ Z Y Z Iy Z ' 5t

divide both sides of (2) by Y. B Q,, and multiply the two right hand side terms

IR
by R / R and ] / ] Note that —Z 7 — (', the factor share of factor j.
21 R ’
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The rate of change in a variable is defined to be:

A a].
P=1%
ST
Thus, p + Q = ZCJ.RI. + chij = R + iwhen TFP is constant,

The residual TFP growth then can be measured in two equivalent ways in a closed
economy in competitive equilibrium:

G.,=R-P ®)
and
G,=0-1 4)
With international trade, the price relationship will not necessarily hold but the
Q — [ relationship holds in all economies.

Note that:
0=3.850. )
where S; is the share of product i in total output and
i=x,ci
where C; is the cost share of input j in total costs.

This relationship can also be derived from a minimized cost function and, as a
result, Grep is also a measure of cost reduction at constant factor prices.

B. PRODUCTION GROWTH RATES

For calculations from F.A.O. data, we make an approximation for estimating Q .

F.A.O. publishes “indexes” of crop, livestock and aggregate production for each
country for the 1961-2001 period. Because production is affected by weather, we
first form 3 year moving averages of each index and then estimate the following
for two periods, 1961-80 and 1980-2001:

Ln (Ic)=a + bc Year
Ln (Ip)=a + b Year (6)
Ln (In)=a + b, Year
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The coefficients bc, b, and ba are geometric rates of change in the indexes. Note, .
however, that the indexes are actually “Laspayres” indexes using FAO dollar
prices. Given the complexities of the number of commodities and the year to year
variability — we argue that this approximation is not a serious departure from the
accounting framework. Output growth rates for 20 Latin American, 21 Asian and
37 African countries are reported in Appendix 1.

C. INPUT GROWTH RATES

For inputs, the same procedure was used to estimate growth rates for the two
periods. The inputs for crop and livestock production were:

Crops: Cropland, Labor, Fertilizer, Animal Power, Machine Services
(Tractors plus Harvesters)
Livestock: Pastureland, Labor, Fertilizer, Animal Capital, Feed

F.A.O. reports data series for cropland, pastureland, labor and fertilizer. For
animal power, the total of horses and mules was the series used. For machines
services, tractors plus combine harvesters formed the series. Animal capital was
based on cattle numbers.

Feed estimates are from NIN, ARNDT, HERTEL & PRECKEL (2003). These
authors transformed the total of feed consumed by animals (for all products) from
the FAO database in terms of Mcal of metabolizable energy for ruminants per kg
of feed (not in dry matter basis) based on the United States-Canadian Tables of
Feed Composition: Nutritional Data for United States and Canadian Feeds (1982).

In a second step, they transformed the total of feed for each country in tons of
corn equivalent dividing the total of energy by the content of energy in a kilogram
of corn. In our study we used this total of feed to estimate the annual growth rate
for feed in each of the 82 developing countries and for each of the two periods of
analysis. Input growth rates are reported in Appendix 2.

D. INPUT COST SHARES

The starting point for establishing input cost shares was that studies for Brazil
(Avila and Evenson) and India (Evenson and Kislev) reported carefully measured
share calculations. For India, share calculations for crop production are available
for 1970 and 1985. For Brazil, share calculations are available for both crop and
livestock production for 1970 and 1990 based on Agricultural Census data.

For crop production shares, “adjusted” India shares were applied to Asian and
African countries. Adjusted Brazil shares were applied to Latin American
countries. The adjustment process requires computing quantity cropland ratios for
fertilizer quantities, seed quantities, number of work animals and number of
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tractors and harvesters. These quantity/cropland ratios were then expressed
relative to Brazil or India ratios. Cost shares to Brazil were as measured in Brazil
studies. For other Latin American countries, the cost shares for fertilizer, seed,
work animals and machine services were scaled using the country/Brazil
comparisons. The shares of cropland and labor were adjusted proportionately, so
that the sum of shares equaled one. The same procedure was applied to obtain
African and Asian shares using Indian shares as the comparison.

For livestock shares, only Brazilian shares were carefully measured. The
adjustment process called for creating quantity/value ratios in real U.S. dollars for
fertilizer, animal capital and feed. The shares for fertilizer, animal capital and feed
were adjusted by comparing these quantity/value ratios to Brazil shares. The
pastureland and labor shares were adjusted proportionately so as to sum one.

For inputs with exceptionally high growth rates (see Appendix 2) a further
adjustment was required to reflect the fact that over a 20 year period the midpoint
share overstates the average geometric shares. Input growth rates were compared
to production growth shares for this adjustment.” All input shares are reported in
Appendix 3. For aggregate TFP growth, livestock and crop shares in aggregate
value were used to weight crop and livestock TFP growth (Prasad Rao and T.
Coelli (2003)).

2 For Input-Output growth differences, the adjustment was:

2% 91
3% .83
4% .75
5% .68
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3

TFP ESTIMATES BY REGIONS
AND COUNTRIES

A. LATIN AMERICA AND THE CARIBBEAN

able 1 reports TFP growth estimates for Latin America and the

Caribbean countries for crop, livestock and aggregate TFP growth.

The average TFP growth for both periods is also reported. Regional
TFP growth rates are weighted by cropped area.

For the 1961-2001 period, only three Latin American countries, Uruguay,
Guatemala and Panama experienced TFP growth rates below one percent
(this is roughly the rate of decline in the real prices of farm commodities
(Figure 6)). The Southern Cone countries had the best TFP performance, the
Caribbean countries, the worst (largely, because of poor crop productivity
performance in the 1981-2000 period).

Aggregate TFP performance, as well as crop and livestock TFP
performance was better in the 1981/01 period for countries in the Southern
Cone and Andean regions. For Central America and the Caribbean, the
1981/01 period showed slower TFP rates than the1961/80 period.
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Table 1 - TFP Index Growth Rates for Latin America and Caribbean-1961/80 and 1981/2001

Agricultural TFP Growth Rates - %

Regions and Crops Livestock Aggregate
Countries 1961/80  1981/01 1961/80  1981/01 1961/80 1981/01 Average
Southern Cone 1.49% 3.14% 0.72% 2.51% 1.02% 2.81% 1.92%
Argentina 3.08% 3.93% 0.90% 0.43% 1.83% 2.35% 2.09%
Brazil 0.38% 3.00% 0.71% 3.61% 0.49% 3.22% 1.86%
Chile 1.08% 2.22% 0.24% 1.87% 0.69% 2.05% 1.37%
Paraguay 3.97% -1.01%  -0.36% 1.29% 2.63% -0.30% 1.17%
Uruguay 1.29% 2.02% -0.32% 0.53% 0.01% 0.87% 0.44%
Andean L11% 1.71% 1.73% 1.92% 1.41% 1.81% 1.61%
Bolivia 1.73% 3.14% 2.81% 1.39% 2.30% 2.33% 2.31%
Colombia 2.01% 1.27% 0.49% 2.24% 1.37% 1.73% 1.55%
Ecuador -0.74% 2.24% 0.98% 2.51% -0.16% 2.34% 1.09%
Peru -0.83% 1.86% 1.86% 2.14% 0.36% 1.98% 1.17%
Venezuela 2.42% 0.87% 341% 1.07% 3.03% 0.99% 2.01%
Central America 1.65% 1.05% 2.77% 1.53% 2.17% 1.32% 1.74%
Costa Rica 2.86% 2.09% 1.10% 0.75% 1.74% 1.19% 1.47%
El Salvador 1.22% -0.87% 1.99% 1.00% 1.77% 0.32% 1.05%
Guatemala 3.31% 0.53% 0.90% -0.28% 1.38% -0.08% 0.65%
Honduras 1.54% -0.39% 2.07% 1.91% 1.91% 1.25% 1.58%
Mexico 1.53% 1.43% 3.02% 1.63% 2.26% 1.51% 1.89%
Nicaragua 1.33% -0.70% 2.94% 1.92% 2.25% 0.99% 1.62%
Panama 2.29% -1.33% 1.61% 1.49% 1.93% 0.02% 0.97%
Caribbean 0.66% -0.89% 2.60% 2.06% 2.03% 0.90% 1.47%
Dominican Rep. 0.99% -1.15% 1.88% 2.60% 1.59% 1.28% 1.43%
Haiti 0.60% -1.04% 3.44% 1.80% 2.60% 0.50% 1.55%
Jamaica -0.65% 1.32% 3.28% -0.35% 2.31% 0.12% 1.22%
Average rate 1.46% 2.40% 1.42% 2.21% 1.39% 231% 1.85%

These results, in general, are very similar to those obtained by other authors for
Latin America countries, e.g. Avila & Evenson (1995) and Gasquez & Concei¢do
(2001) for Brazil, Lema & Parrellada (2000) for Argentina, Romano (1993) for
Colombia and Madrid-Aris (1997) for Cuba. TFP growth rates for LAC sub-
regions are also shown graphically in the Figure 1.
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B. ASIA

Table 2 shows the TFP growth rates for the Asian countries calculated for the two
periods of analysis — 1961/1980 and 1981/2001 and for crops, livestock and

aggregate.

Table 2 - TFP Index Growth Rates for Asia - 1962/81 and 1981/2001

Agricultural TFP Growth Rates - %

Regions and Crops Livestock Aggregate

Countries 1961/80 1981/01 1961/80 1981/01 1961/80 1981/01  Average
Middle East 2.68% 0.79% 1.76% 1.23% 2.39% 0.98% 1.68%
Afghanistan  0.63% -0.94% 0.94% 2.54% 0.71% -0.05% 0.33%
Iran 3.32% 2.32% 2.37% 5.00% 2.71% 3.17% 2.94%
Iraq 2.53% -0.06% 1.25% -5.81% 2.00% -1.24% 0.38%
Saudi Arabia  4.54% 1.22% 5.05% 3.41% 3.58% 2.16% 2.87%
Syria 0.55% 2.45% 2.62% 0.67% 1.10% 1.94% 1.52%
Turkey 3.40% 0.12% 1.43% -0.07% 3.06% 0.08% 1.57%
Yemen 1.07% 2.50% 0.53% 2.21% 0.93% 2.43% 1.68%
South Asia 1.42% 2.14% 2.34% 2.76% 1.71% 2.34% 2.03%
Bangladesh  -0.23% 1.06% 0.75% 2.65% -0.01% 1.30% 0.65%
India 1.54% 2.33% 2.63% 2.66% 1.92% 2.41% 2.16%
Nepal 0.20% 2.42% 1.36% 1.11% 0.50% 2.10% 1.30%
Pakistan 1.48% 1.32% 1.17% 3.98% 1.18% 2.54% 1.86%
Sri Lanka -0.39% -1.21% -2.19% 1.30% -0.93% -0.92% -0.93%
South East 2.16% 0.34% 1.61% 2.13% 2.37% 0.61% 1.49%
Asia
Cambodia -6.14% 2.27% -0.66% 0.54% -5.75% 1.96% -1.89%
Indonesia 3.95% -0.78% 3.08% 241% 4.43% -0.39% 2.02%
Laos 1.74% 1.95% -0.01% 3.43% 1.20% 2.52% 1.86%
Malaysia 2.95% 0.67% 3.80% 3.70% 3.62% 1.39% 2.51%
Philippines 1.62% -1.13% 1.87% 3.29% 1.89% -0.30% 0.79%
Thailand 1.61% 1.04% -0.76% 1.26% 1.18% 1.08% 1.13%
Vietnam -0.52% 3.94% 0.22% 0.76% -0.37% 3.26% 1.45%
East Asia 1.39% 3.49% 2.56% 6.52% 1.75% 4.70% 3.22%
China 1.39% 3.63% 2.58% 6.59% 1.76% 4.76% 3.26%
Mongolia 0.37% -9.48% 1.09% -0.02% 0.31% -0.54% -0.12%
Average rate 1.71% 2.02% 2.20% 3.45% 1.92% 2.50% 2.21%

The TFP results obtained are also similar to those calculated for Asian countries
such as India (Evenson, Pray & Rosegrant, 1999), Thailand (Krasachat, 2002),
Malaysia (Shamsudim, Rhadam & Abdlatif, 1999) and Vietnam (Ngoc Que &
Goletti, 2001).
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TFP rates for Asian economies over the 1961-2001 period are higher than
observed in Latin America. This is primarily because of the excellent TFP
performance of China. The South Asia economies had TFP performance similar
to the Southern Cone countries in Latin America. TFP performance varied by
period. The Middle East had an excellent performance in the 1961-80 period, but
a poor performance in the 1981-2001 period. The same was true for Southeast
Asian countries.

Seven countries (Afghanistan, Iraq, Bangladesh, Sri Lanka, Cambodia, the
Philippines and Mongolia) had TFP growth rates below one percent. All were
subject to civil strife. Figure 2 depicts sub-regional TFP growth rates.

Figure 1 - Agricultural TFP Growth Rates for Asian Regions -
1961/1980 and 1981/2001
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AFRICA

The agricultural productivity TFP growth rates for five African sub-regions are
presented in the Table 3.

Table 3 - TFP Index Growth Rates for Africa - 1961/80 and 1981/2001

Agricultural TFP Growth Rates - %

Regions and Crops Livestock Aggregate
Countries 1961/80 1981/01 1961/80 1981/01 1961/80  1981/01  Average
North 0.78% 1.88% 2.20% 2.12% 1.29% 1.98% 1.63%
Algeria -1.76% 2.86% 4.08% 2.49% 0.27% 2.69% 1.48%
Egypt 1.26% 3.07% 1.54% 2.89% 1.33% 3.03% 2.18%
Libya 5.86% 1.31% 3.15% -0.38% 5.13% 0.76% 2.95%
Morocco 0.64% 0.83% 0.36% 1.56% 0.56% 1.10% 0.83%
Tunisia 2.40% 1.84% 2.29% 3.21% 2.37% 2.40% 2.39%
East 0.35% 0.62% 0.75% 0.97% 0.68% 0.95% 0.82%
Ethiopia 0.14% 1.95% -0.37% 0.74% -0.06% 1.52% 0.73%
Sudan 1.47% 0.75% 1.31% 1.24% 1.38% 1.07% 1.22%
Uganda -0.09% 0.53% 1.76% 1.43% 0.26% 0.67% 0.46%
Kenya 1.96% -0.16% 1.64% 1.09% 1.80% 0.50% 1.15%
Madagascar 0.29% -0.92% 0.62% 0.59% 0.41% -0.37% 0.02%
Central 0.97% 0.54% 1.18% 1.32% 1.09% 0.68% 0.89%
Cameron 2.09% 1.74% 2.50% 1.80% 2.17% 1.75% 1.96%
Chad -1.41% 3.85% 0.84% 2.48% -0.26% 3.39% 1.56%
Dem. Rep. Congo 0.85% -1.41% -0.56% 0.32% 0.52% -1.00% -0.24%
Rep. Congo -0.87% -0.41% 1.83% 1.12% -0.24% -0.05% -0.14%
Rep. Central Africa 1.42% 0.76% 2.98% 2.36% 1.78% 1.14% 1.46%
Rwanda 1.54% -3.57% 3.90% -0.14% 1.76% -3.18% -0.71%
Western 0.99% 3.22% 1.73% L13% 1.19% 2.93% 2.06%
Benin 0.51% 5.25% 3.50% 1.99% 1.25% 4.68% 2.96%
Guinea 0.51% 2.56% 1.05% 2.63% 0.63% 2.58% 1.60%
Ghana -1.34% 4.32% 231% -0.14% -0.84% 3.93% 1.54%
Togo -0.15% 2.82% 1.09% 2.14% 0.16% 2.70% 1.43%
Mauritania -0.56% 5.67% 0.69% 1.33% -0.25% 4.90% 2.32%
Niger -2.27% 1.13% 0.73% 1.62% -1.13% 1.30% 0.09%
Burkina Faso 0.35% 2.42% -0.89% 3.49% -0.02% 2.73% 1.35%
Ivory Coast 1.85% 0.62% 2.81% 0.82% 1.91% 0.63% 1.27%
Mali 1.47% -2.99% 3.14% 0.35% 2.45% -1.45% 0.50%
Nigeria 1.83% 4.31% 1.58% 0.94% 1.76% 3.75% 2.75%
Senegal -1.52% 4.98% 3.98% 0.65% 0.19% 3.46% 1.83%
Sierra Leone -1.71% 0.34% 1.37% 3.58% -0.95% 0.91% -0.02%

FONTAGRO Special Report No. 6: The Rol of Technological Capital

64



Southern 2.06% L12% 1.60% 0.26% 1.80% 0.79% 1.30%
Angola 1.03% 0.82% -0.05% -1.08% 0.66% 0.23% 0.44%
Botswana -3.90% 2.13% 0.78% 0.65% -2.25% 1.58% -0.34%
Malawi 0.64% -1.21% -0.29% -1.50% 0.54% -1.24% -0.35%
Mozambique 1.56% 1.07% 4.07% 0.87% 1.92% 1.04% 1.48%
Zimbabwe -1.75% -0.06% 0.40% -1.19% -1.16% -0.40% -0.78%
South Africa 4.11% 2.74% 3.05% 1.91% 3.61% 2.32% 2.96%
Zambia 1.95% -0.28% -0.42% -1.41% 1.12% -0.70% 0.21%
Namibia 2.00% 0.56% 3.81% 2.21% 2.64% 1.18% 1.91%
Tanzania -0.59% -0.40% -0.55% -1.23% -0.58% -0.63% -0.61%
Average rate 1.03% 1.74% 1.49% 1.09% 1.20% 1.68% 1.44%

For the 1961-2001 period, African TFP performance is lower than Asian and
Latin American performance. Two regions, East and Central Africa had TFP
growth rates below one percent. Twenty of the thirty seven countries in Africa
failed to produce TFP growth of one percent. Twenty of the thirty two countries
in Sub-Saharan Africa failed to produce TFP growth of one percent.
Figure 2 - Agricultural TFP Growth Rates for African Regions -
1961/1980 and 1981/2001
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For Africa as a region, crop and livestock TFP rates were similar. TFP
performance was better in the 1981-2001 period, particularly in North Africa and
West Africa. Figure 3 shows African TFP growth by region.
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The average TFP indexes growth for all three world regions for agriculture,
livestock and aggregate are presented in Figure 4. A synthesis of the results .
obtained for all the regions are presented in Table 4, classified by range.

Figure 3 - Agricultural TFP Growth for Global Regions
1961/1980 and 1981/2001
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Table 4 - Regional Aggregate TFP Calculations classified by ranges

Regions 0% >TFP 0%<TFP<1% 1%<TFP<2% TFP+2% Total
LAC - 3 14 3 20
Asia 3 4 8 6 21

Africa 8 8 14 7 37
Total 11 15 36 16 78

Table 4 shows the poor performance of the African countries where more than
20% of the countries had negative growth in TFP and another 20% had TFP
growth rates below 1%. The countries in Asia demonstrated the best performance
(30% of the countries have TFP with more than 2%). In the aggregate Latin
America and Caribbean countries also had a good performance with no negative
TFP rates and more than 85% of the countries with TFP growth rates above 1%.
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4

DEFINING TECHNOLOGICAL CAPITAL

t least three distinctive types of human resource capital have been used in
Athe context of understanding agricultural TFP performance of developing
countries:
Human Capital is a term that has been in use for many years. It is generally
measured in years of schooling attained by workers in the labor force.
Social Capital is a term introduced more recently to capture social relationships in
communities and countries. The measurement of social capital is not standardized,
but must measure it in terms of organization, membership and participation.
Technological Capital is a term in limited use to describe the capacity of a region
or country to invent new technology and to innovate or commercialize that
technology (we will call this Innovation Capital). It is also used to describe the
capacity to “master” technology produced outside the region or country (we will
call this capacity, Imitation Capital).

For the agricultural sector, it is well known that crop varieties developed by
international Agricultural Research Centers (IARCs) and National Agricultural
Research System (NARS) plant breeding programs have a high degree of
“location specificity”. The field performance of a crop variety depends of soil,
climate and market conditions. The “Green Revolution” modern crop varieties
(MVs), for example, showed a high degree of sensitivity to soil and climate
conditions. IARC-crossed MVs were typically released in several countries served
by IARC mandates. NARS-crossed MVs, on the other hand, had limited value
outside the region for which they were targeted (Evenson and Gollin, 2000 report
that only 6 percent of NARS-crossed rice MVs were released in a second country.
IRRI-crossed rice varieties were typically released in several Asian countries, but
had little adoption in Latin America and Africa.

Yet, it remains the case that many development programs in agriculture are
designed to achieve TFP based cost reductions through technology mastery or
Imitation Capital. Agricultural extension programs, in particular, are not designed
to produce innovations. They are designed to facilitate improved mastery of
technology already available to farmers.
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For industrial technology, most observers see low degrees of location specificity,
except for two classes of industrial products. The first class is linked to the .
location specificity of agricultural products and to institutions. In poor rural
economies with limited institutional and market development, there may be little
demand for industrial goods. This limited demand may mean that incentives for
technology mastery are limited. The second class of products with location
specificity is products developed to save labor in high wage economies. These
products have little or no demand in low wage economies. But they do have
international markets. It is, however, one of the major puzzles of development
experience that few, if any countries have achieved Imitation Capital led growth
in industry until after achieving Innovation Capital led growth in agriculture. This
is partly explained by the two classes of location linked demand, but a
considerable part of the explanation appears to simply be a lack of investment in
technology mastery in industry.

For purpose of this exercise, we define two indexes, an Innovation Capital Index
and an Imitation Capital Index. The Innovation Capital index is based on data for
investments in Agricultural Research and Industrial Research. Three classes for
agricultural research investments are defined for two periods, 1961-1980 and
1981-2001. Data, from ISNAR, are expressed in terms of Agricultural
Scientists/Cropped Area. The three classes are:

1. Agricultural Scientists/Cropland LT .02
2. Agricultural Scientists/Cropland .02 to .04
3. Agricultural Scientists/Cropland .04 and higher

For Industrial R&D, we use UNESCO-World Bank data on R&D/GDP to define
three classes:

1.R&D/GDP LT .003
2. R&D/GDP .003 to .005
3.R&D/GDP GT .005

The Imitation Capital Index is also based on two components, schooling of the
working population (males) and extension worker/cropland ratios. The classes for
worker schooling are:

1. LT 4 years
2. 4 to 6 years
3. GT 6 years

The classes for extension worker/cropland ratios are:

1. LT .06
2..06 - .4
3. GT 4
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For the Innovation Capital Index, the sum of the Agricultural Scientist class and
the Industrial R&D class defines the index in each period. For the Imitation
Capital Index, the sum of the Schooling class and the Extension Worker class
defines the index in each period. Figure 5 reports country classifications by
Innovation Class for the two periods 1961-1980 and 1981-2001 (class 22
indicates that the country was in innovation class 2 in both periods). Imitation

classes are shown in parentheses for the two periods.

"Figure 4 - Innovation-Imitation Classes 1970 (first digit) 1990 (second digit)-
Imitation Classes in Parentheses

Innov 22 Innov 23 Innov  Innov32 Innov 33 Innov 34 Innov 44
24
Afghenistan Benin (34) Mali Sudan Cameroon Algeria (34)  Botswana
(22) (34) (22) 45) 45)
Angola (22) Burkina Dominican Bangladesh Colombia
Faso (44) Rep (45) (34) (46)
Cambodia (22) Guinea (33) Haiti (23) Ecuador (45)  Egypt (35)
Central African Mauritania Honduras (34) Ghana (35) Gambia (33)
Republic(44) 33)
Chad (33) Morocco (44) Laos (33) Guyana (44)  Iraq (33)
Dem Rep Nicaragua (34) Lybia (44) Malawi (44)  Jamaica (35)
Congo (23)
Ethiopia (23) Niger (33) Mongolia (44) Panama (56) Kenya (55)
Mozambique Rwanda (44) Nepal (34) Paraguay (44) Saudi
(22) Arabia (44)
Namibia (22) Yemen (23) Nigeria (34) Senegal (33)  Sierra
Leone (44)
Togo (23) SriLanka (56) Uruguay (45)
Tunisia (34) Syria (35)
Vietnam (33)  Tanzania (34)
Venezuela
Zambia (44) 45)
Zimbabwe(45
)
Innov 45 Innov 46 Innov Innov 55 Innov 56 Innov 66
43
Bolivia (33) Mexico (45) IvoryC Argenti- Chile (45) Brazil (46)
oast na (44)
(44)
Costa Rica (44) Pakistan (45) Mada- Mauri- El China (56)
gascar  tius (56)  Salvador (35)
44)
Guatemala (34) Philippi- India (35) South
nes(66) Africa (56)
Indonesia (45)
Iran (34)
Malaysia (55)
Peru (46)
Thailand (46)
Turkey (46)
Uganda (34)
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The eight countries in Innovation class 22 have effectively been without
Innovation Capital over the 1961-2001 period. Five of these countries have also .
been without Imitation Capital. Seven are African countries. All have been in civil
conflict. All are mass poverty countries.

The nine countries in Innovation Class 23 have invested in sufficient agricultural
research to bring them into class 3 in the 1981-2001 period. None have invested
in industrial R&D. Most have some Imitation Capital. All of these countries are in
Africa. One country, Mali, has moved two Innovation Capital Classes and one,
Sudan, has experienced retrogression from Innovation Class 3 to Innovation Class
2. All countries in Innovation Classes 22, 23, 24 and 32 inherited virtually nothing
in the way of Innovation Capital from their colonial Mother Countries. None have
industrial competitiveness. Some have Imitation Capital — but much of this is
based on NGO extension programs. Innovation Class 33 has 12 members.
Innovation Class 34 has 14 members.

Most of these countries have higher Imitation Capital than Innovation Capital.
This reflects the widespread view that Imitation Capital is less costly than
Innovation Capital. But only 4 of the 26 countries in Innovation Capital Classes
33 and 34 (Cameroon, Zambia, Ghana and Venezuela) report significant
investment in industrial R&D. All others moved from Innovation Capital Class 2
to 3 or 3 to 4 by strengthening agricultural research programs.

Of the 26 countries in Innovation Capital Class 33 and 34, seven are Latin
American countries and seven are Asian countries. Twenty four countries were in
Innovation Class 4 in the first period. Of these, twelve increased their Innovation
Capital and two decreased their Innovation Capital. Those countries remaining in
Class 44 invested little in industrial R&D (only Kenya and Egypt report
significant industrial R&D). All countries achieving improvements, achieved it by
investing in industrial R&D as did all countries in Innovation Class 55, 56 and 66.
Thus, of the 82 countries classified in Figure 5, only 25 had significant investment
in Industrial R&D.

Nine countries began in Innovation Capital classes 5 and 6. And all have achieved
impressive economic growth over the 1961-2001 period.
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o

CHANGES IN TECHNOLOGICAL CAPITAL

countries, was unchanged for 36, improved by one class for 36 and by two
classes for 3. For Imitation Classes, 36 countries remained unchanged, 32
increased by one class and 11 countries realized improvements of two classes.

From the first to the second period, the Innovation Class declined for four

Was improvement in Innovation Class closely related to improvements in
Imitation Class? Was improvement related to the first period Imitation and
Innovation Class levels?

In addition to the Imitation and Innovation Classes, there are two other indicator
variables available for two periods. One of these is the index of Industrial
Competitiveness constructed by the United Nations Industrial Development
Office (UNIDO). The second is a ranking of an important institutional index, the
Patent Effectiveness indicator of Park and Ginnarte.

Table 5 reports Tobit estimates of changes in each of the four indexes as they
relate to period 1 levels of the four indexes.
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Table 5 — Tobit Estimates: Technology Capital Improvements from
Period 1 to Period 2

Industrial

Agricultural Imitation  Agricultural Innovation Competitive Patent Rights
ness

Periods M 2 0y 2 )] 2
Agr.Imitation -.862 -.871 -.153 -.116 .04 204
4.17) 2.71) (1.56) (.81) (4.23) (2.54)
Agr. Innovation .688 .631 -.154 -.217 -.002 -.063
(4.47) (2.43) (2.03) (1.87) (.26) (.96)
Ind. Competitiveness -.336 -.338 -.047 8.091
.07) (.15) (:29) (5.73)
Patent Rights -.329 -.069 -.006 -.380
(1.26) (43) (.60) (4.22)
Constant 1.309 2.506 1.835 2.319%( -.094 .201
(2.22) (1.98) (5.46) 3.31) (2.03) (.51)
#obs 71 47 77 47 47 47
Prob> Chi2 .0000 .0003 .004 1192 .0016 .0000
Pseudo-R2 .1090 .1464 .0605 .0514 -.1818 3438

Competitiveness or patent rights.

Agricultural Innovation improvements are not closely related to levels of other indexes.

Industrial Competitiveness improvements and patent rights are related to Agricultural Imitation levels. This
appears to be primarily a schooling effect.

These estimates indicate the following: Improvements in all indexes, except
patent rights, are subject to diminishing returns. High period 1 values are
associated with lower improvement values. Agricultural Imitation improvements
are associated with high levels of Agricultural Innovation capacity but not to high
levels of Industrial competitiveness on patent rights. Agricultural Innovation
improvements are not closely related to levels of other indexes. Industrial
competitiveness improvements and patent rights are related to Agricultural
Imitation levels. This appears to be primarily a schooling effect.

FONTAGRO Special Report No. 6: The Rol of Technological Capital

72




6

TFP GROWTH, CEREAL YIELDS,
FERTILIZER CONSUMPTION, VALUE ADDED
PER WORKER, GROWTH IN GDP PER
CAPITA AND TECHNOLOGICAL CAPITAL

indicators? Table 6 provides tabulations for both Innovation and Imitation
Capital and TFP growth, cereal yields, modern variety adoption, fertilizer
consumption, value added per worker and GDP per capita growth.

Is Technological Capital related to aggregate TFP growth and related

Table 6: Innovation—-Imitation Capital, TFP Growth and Other Indicators

Indicators by Innovation Capital Class

Innovation Capital Aggregate Modemn Cereal Fertilizer Value GDP
Class TFP Growth  Varieties Yields  perhectare Added per Growth per
Adoption (kg/ha) (kg) worker ($) capita
(%)

2 .93 13 880 7.3 409 1.11

1.61 31 1858 71.3 956 1.23

4 1.92 4 2516 108.6 1651 1.65

5+6 2.60 68 3167 159.2 1456 2.59

Indicators by Imitation Capital Class

Imitation Capital  Aggregate Modem Cereal Fertilizer Value GDP
Class TFP Growth  Varieties Yields  perhectare Added per Growth per

Adoption  (kg/ha) (kg) worker ($)  capita

(%)

2 .96 12 848 344 378 1.19

3 1.66 34 1679 67.3 486 1.24

4 1.57 4 2028 61.0 2916 1.64

5+6 2.82 72 3497 189.2 1128 2.74
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Clearly all indicators are related to both Innovation and Imitation Classes.
Consider the Innovation Class indicators. Aggregate TFP growth is clearly related .
to Innovation Class. The adoption of green revolution modern crop varieties is as
well. Cereal yields are 3.6 times as high in Innovation class 5 and 6 as in class 2.
Fertilizer usage is 21 times as high. Value added per worker is 3 to 4 times as high
and GDP per capita growth is 2.4 times as high.

The same comparisons hold for the Imitation Class indexes (with a little less
consistency in pattern). This is to be expected since the two indexes are highly
correlated. Can we distinguish between the two indexes? This is important
because many policy makers suggest that developing countries do not really need
to innovate. They need to imitate — and imitation is less costly than imitation.
Others argue that innovation is necessary in agriculture because crop varieties
have a high degree of location specificity.

We report an exercise designed to begin to test the proposition that for a given
Innovation Class, higher Imitation investments produce higher TFP growth. We
do this by defining Innovation-Imitation Classes. We compare Innovation-
Imitation Classes with similar or lower Imitation Classes against Innovation-
Imitation Classes where the Imitation Class is higher (for Innovation Class 2, 3
and 4. We combine Innovation-Imitation Classes S and 6. The comparison groups
for this exercise are:

D22: lowest Innovation and Imitation Classes

D23+D24: Innovation Class 2 (higher Imitation Classes)

D32+D33: Innovation Class 3 (including lower and equal Imitation Classes)
D34+D35: Imitation Class 3 (higher Imitation Class)

D43+D44: Innovation Class 4 (including lower and equal Imitation Classes)
D45+D46: Innovation Class 4 (higher Imitation Classes)

D55+D56+D66: Innovation Classes 5 and 6 (higher Imitation Classes)
D53+D54+D64+D65: Innovation Classes S and 6 (lower Imitation Classes)

These Innovation x Imitation Classes are designed to determine whether higher
Imitation Classes, holding Innovation Classes constant, add to TFP growth. A
second set of Innovation x Imitation Classes was designed to determine whether
higher Innovation Classes, holding Imitation Classes constant, add to TFP growth.
These were:

D22: lowest Innovation and Imitation Classes

D32: Imitation Class 2 (higher Innovation Class)

D23+D33: Imitation Class 3 (equal or lower Innovation Class)

D43+D53: Imitation Class 4 (higher Innovation Classes)

D24+D34+D44: Imitation Class 4 (equal or lower Innovation Class)
D54+D64: Imitation Class 4 (higher Innovation Classes)

D55+D56+D66: Imitation Class 5 & 6 (equal or higher Innovation Classes)
D35+D45+D56: Imitation Class 5 & 6 (lower Innovation Class)
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The results reported in Table 7 are somewhat anomalous because of the 54+64
results (these affected Argentina in two periods and Brazil and Chile in one
period). The estimates do show that higher Innovation Classes add roughly 35
percent to TFP growth. Higher Imitation Classes add roughly 25 percent to TFP
growth.

“Table 7- Imitation-Innovation Comparisons

Innovation Advantages Imitation Advantages
TFP by TFP by
InnovationXImitation InnovationXImitation
Classes Classes
22 .884 22 .859
32 1.639 +86% 23+24 1.023 +19%
23+33 1.244 32+33 1.354
43+53 2.461 +95% 34+35 1.850 +37%
24+34+44 1.498 43+44 1.928
54+64 - 112 -107% 45+46 1.921 -4%
55+56+66 4277 55+56+66 3.450
35+45+46+56 1.568 +63% 53+54+64+65 1.841 +46%
Average Innovation Advantage 35%  Average Imitation Advantage 25%
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7

DETERMINANTS OF TFP GROWTH:
A STATISTICAL DECOMPOSITION

with Technological Capital. In this section, we refine this analysis further

in a TFP decomposition framework. We consider two “adjustments” for
labor quality in this section. We also consider proxy variables for general
technological progress. Consider the following TFP derivation from a production
function.

The previous section of this paper showed that TFP growth was associated

Y=4,(LQ)HK™ )

where: Y is aggregate production
Ay is a shifter of the production function
L is unadjusted labor
Q. is a labor quality index
H is land
K is machine and animal capital
when transformed to TFP form, this production function yields:

Gm, = GY - CL (GL + GQL)—CHGH —SKGK —GA 8)

where G represents growth rates in variables.
The actual “unadjusted” TFP calculations reported in Tables 1, 2 and 3 are based
on:

GT"FP = GY - CL GL - CH GH - CK GK (9)

The difference is:
G,—-G,.,=CG,+G, (10)

This suggests that variables measuring labor quality and the shift in A could be
used to “explain” TFP growth.
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We have two measures of labor quality. The first is associated with increased
schooling of the work force. The second is associated with increased nutrition of
the work force. Table 8 summarizes the data in two indexes. The first is the
average schooling of adult males in the workforce. This variable, from the Barro-
Lee database of the World Bank is not specific to agricultural workers. It is
probably the case that the average schooling of agricultural workers is lower than
the average schooling for all workers. But for our purposes, it is the growth rate in
schooling that is important. The second index is the Dietary Energy Sufficiency
(DES) index published by the FAO. This index is based on consumption data and
effectively is on average calorie per capita measure. Both measures are reported
by developing country region to show the diversity in changes in these indexes.

Table 8- TFP Decomposition Estimates

First Stage Instrumented Variables Second Stage Estimates
SCGRMVA  DES X SHL GTFP(A) GTFP(A)*
D23+D24 7.65 14.14
(1.75) (.66)
D32+D33 18.66 18.71
(2.33) (1.12)
D34+D35 13.65 49.60
(1.78) (3.00)
D43+D44 14.37 36.07
(1.91) (2.29)
D45+D46 27.83 21.27
337 (1.23)
D55+D56+D66 32.05 40.40
(4.30) (2.60)
D53+D54+D64 2241 26.59
+D65 (3.03) (1.72)
PCTIRR .116 .200
(2.09) (1.72)
Region-Asia 8.61 8.05 -.593 .038
(3.32) (1.49) (1.30) (.11)
Region-Africa -3.39 2.85 351 .689
(.87) (.35) (-63) (1.25)
SCGRMVA .0628 1.087
(2.60) (3.06)
DES X SHL .0419 .0374
(2.52) (2.42)
GSCH X SHL -3.16 .280 213
(4.16) (1.90) (1.82)
#obs 154 154 154 154
R-squared .62 25 .18 .18
Prob>F .0000 .0000 .0000 .0000
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The measure of GA that we use is the adoption of Green Revolution Modern Crop
varieties in the country, for 1961-80 period and the 1980-2000 period. This is .
weighted by the crop shown in total agricultural production. Two of the three
variables are treated as endogenous in the TFP model. The method used to deal
with this is to use instrumental variables. The implicit model then is a 3 equation
model:

SCGRMVA: Instruments
DES X SHL: Instruments
Grer(A): WcGRMVA, DES X SHL, GSCH X SHL, Regl, Reg2

The instruments for WcGRMVA and DES X SHL include the exogenous
variables in the Grep(A) equation, Regl, Reg2 and GSCH X SHL, plus the
Innovation-Imitation dummy variables utilized in the Table 7 regressions. Table 9
reports the estimates for both the first stage instrumented variables, SCGRMVA
and DES X SHL and the second stage Grep(A) equations. In the TFP
decomposition estimates, we find that the adoption of Green Revolution Modern
Varieties, the growth in schooling and improved nutrition all contribute
significantly to TFP growth. Table 10 reports a “growth accounting” exercise
attributing growth to Green Revolution M Vs, increases in schooling and increases
in nutrition.

Table 9- TFP Decomposition Estimates

First Stage Instrumented Variables Second Stage Estimates
SCGRMVA  DES X SHL GTFP(A) GTFP(A)*
D23+D24 7.65 14.14
(1.75) (.66)
D32+D33 18.66 18.71
(233) (1.12)
D34+D35 13.65 49.60
(1.78) (3.00)
D43+D44 14.37 36.07
(1.91) (2.29)
D45+D46 27.83 21.27
3.37 (1.23)
D55+D56+D66 32.05 40.40
(4.30) (2.60)
D53+D54+D64 2241 26.59
+D65 (3.03) (1.72)
PCTIRR 116 200
(2.09) (1.72)
Region-Asia 8.61 8.05 -.593 .038
(3.32) (1.49) (1.30) (.11)
Region-Africa -3.39 2.85 351 .689
(.87) (.35) (.63) (1.25)
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" Table 9- TFP Decomposition Estimates (continuation)

First Stage Instrumented Variables Second Stage Estimates
SCGRMVA  DES X SHL GTFP(A) GTFP(A)*

SCGRMVA .0628 1.087
(2.60) (3.06)
DES X SHL 0419 0374
(2.52) (2.42)

GSCH X SHL -3.16 280 213
(4.16) (1.90) (1.82)

#obs 154 154 154 154

R-squared .62 25 18 .18

Prob>F .0000 .0000 .0000 .0000

*These estimates define MV adoption as In[SCGRMVA/(100-SCGRMVA)]

“Table 10- Growth Accounting 1960-2000

Proportion due to:
Region Actual TFP Increased Increased Green Revolution
Growth Schooling Nutrition MVs
Latin America
Southern Cone 2.24 .19 .24 .57
Andean 1.63 30 22 A48
Central America 1.72 35 .19 46
Caribbean 1.58 .39 26 35
Middle East- North Africa
Middle East 1.63 .19 23 .58
North Africa 229 28 .20 .52
Asia
South Asia 1.96 22 .14 .64
Southeast Asia 1.05 17 21 .62
East Asia 3.24 13 33 .54
Sub-Saharan Africa
East Africa .78 Sl .02 47
Central Africa .87 .62 .00 .38
West Africa 2.05 29 35 .36
Southern Africa 1.29 .39 .03 .58
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8

POLICY IMPLICATIONS

periods, for crop production, livestock production and aggregate production.
These growth rates bear the interpretation of rates of cost reduction at constant
factor prices.

In this paper, we develop estimates of growth in Total Factor Productivity for 2

While these growth rates are subject to errors of measurement, they are broadly
consistent with our understanding of productivity growth. Highest TFP growth
rates were achieved in East Asia, followed by South Asia and the Southern Cone
countries in Latin America. Lowest TFP growth rates were in East and Central
Africa.

International prices for agricultural commodities have been declining in real terms
over most of the second half of the 20™ century (Figure 6). All OECD countries
have realized more rapid TFP gains for the agricultural production sector than for
the rest of the economy. These differences average about one percent per year.
Developing countries have realized Green Revolution gains at different rates.
Many developing countries with slow TFP growth have realized few Green
Revolution gains. Others have realized high Green Revolution gains.
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Figure 5 — Real World Prices For Rice, Wheat, Corn and Urea
(1961-2000, 5-yr Moving Average)
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Countries with low TFP gains in agriculture have fared poorly in a world where
they are delivered falling real prices in an increasingly globalized economy. Two
Technological Capital Indicators were developed. The Imitation indicator was
based on extension programs and on schooling levels. The Innovation indicator
was based on investments in agricultural research, largely in the public sector, and
industrial R&D, largely in the private sector.

Perhaps the dominant message of this paper is that TFP performance is strongly
related to Technological Capital. These relationships (Table 6) show that
countries with minimal Innovation or Imitation Capital (figure 5) are “trapped” in
a price-cost squeeze. Real prices are falling more rapidly than costs are falling.

Countries with minimal Technological Capital have cereal yields that are only one
fourth the yields of countries with Technological Capital. They use only 5 percent
as much fertilizer per hectare. They have low levels of adoption of Green
Revolution modern varieties. Value added per agricultural worker is one quarter
that of countries with Technological Capital. Growth rates in GDP per capita,
while positive are only one third those of countries with Technological Capital.

An effort to distinguish between the importance of Innovation and Imitation
Capital was made. It is difficult to establish this because the two indexes are
highly correlated. It does appear that higher Innovation Capital, given Imitation
Capital, contributes more to TFP growth than higher Imitation Capital, given
Innovation Capital.

FONTAGRO Special Report No. 6: The Rol of Technological Capital

81



This paper also reports a TFP decomposition exercise. This exercise identified the
adoption of Green Revolution modem varieties, increases in schooling of the
labor force, and increases in dietary energy as sources of TFP growth.

As noted above, however, the major conclusion of this paper is that Technological
Capital is required for TFP and cost reduction growth. And this means investment
in agricultural research systems. It also means investment in industrial R&D as
well as in private and public extension systems and in the schooling of farmers.

Investments in Technological Capital require long term commitments to
investments by national governments and by aid agencies. These investments are
typically not made by NGOs. Many aid agencies have backed away from long
term (20-30 or 40 year) Technological Capital development programs. Tragically,
many countries in Africa today are not receiving national government support to
build the Technological Capital that is their only escape route from mass poverty.
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