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Executive Summary

ver the past half century, the world has wit-

nessed dramatic gains in agricultural pro-

ductivity, a long-term decline in agricultural
prices, and increasing supplies that have outstripped
the growth in demand. There are signs, however, that
this trend may be reversing. Continued population
and food demand growth, increasing environmental
concerns such as climate change, tightening water
supply, and degrading soils are placing ever greater
strains on global agriculture. With global agricul-
tural demand expected to increase by more than 60
percent between 2005-07 and 2050, a new wave of
productivity increases will be needed to sustainably
meet this demand.

Agricultural research and innovation have
been pivotal to increasing productivity. Yet the
global agricultural research and innovation land-
scape has been changing, with funding trends
shifting dramatically. Besides a drop in the share
of research and development (R&D) investments
made by high-income countries, especially the
United States, investments have shifted away from
a focus on farm productivity improvements in sta-
ple crops and been redirected to a wide variety of
other issues. Further, many national research pro-
grams fail to take full advantage of the vast stocks
of knowledge that exist around the world and that
could be tapped to spur innovation elsewhere.

A new, internationally oriented way of thinking
about agricultural investments and innovation is
likely to enhance the efficiencies of R&D invest-
ment at all levels, from the local to the global level.
The lag between research investments and com-
mercial use is exceptionally long, underscoring that
decisions taken now will have consequences for
decades to come. To help move decision making in
the United States and the world toward this global
approach, this paper provides new evidence on
research investment trends worldwide and offers
novel measures of accumulated knowledge stocks
for each country and the potential for this knowl-
edge to “spill over” across national boundaries.

The nature of agricultural innovation

Agricultural innovation requires patience and
persistence. It is a long, cumulative process with
distinctive biological and site-specific attributes.
A better understanding of the innovation implica-
tions of these unique characteristics calls for new
approaches to investing in agricultural R&D.

The benefits of investments in research and
development are large

In the United States over the past half century,
every dollar invested in public agricultural R&D
returned benefits valued at between 20 to 30 dol-
lars. Changes in US corn production illustrate how
investments in research and development have
paid off in productivity gains. US corn production
grew from 2.7 billion bushels in 1900 to just under
12.4 billion in 2011, or 36 percent of the entire
world’s output, while over the same period the
amount of land under corn production decreased.
A sizeable share of the growth derived from use of
technological innovations (notably, new hybrid
varieties of corn) resulting from investments

in research.

Innovation is inherently an international and
cumulative endeavor

Much of today’s gricultural production uses genetic
material and knowledge that had its source hun-
dreds or even thousands of miles away. The magic
of science stems from the slow and steady accretion
of new knowledge. Differences in the accumulation
of research results over the long haul account for a
sizable share of the differences in agricultural pro-
ductivity observed around the world. This is one of
the reasons why sustained, long-term funding of
research is so important.



Striking the right mix of local, national, and
international research is critical to addressing
the intrinsic site specificity of agriculture and
optimizing spillover potentials

Locally targeted research programs are indispens-
able parts of the innovative process in agriculture.
But R&D findings have the potential to spill both
into and out of local areas, some requiring adapta-
tion to different economic and agroecological envi-
ronments. This spillover potential should be taken
into account when forming agricultural investment
policies, including the support for and structure

of international research and the composition of
national and international research.

Both the public and private sectors have critical
roles to play

Changes in the scope of intellectual property pro-
tection have been associated with a rise in agricul-
tural innovations coming from the corporate sector.
While increasing investments in innovation by
private firms have obviated the need for some pub-
lic research, much of the private research stands
squarely on the shoulders of publicly performed
research. In addition, 89 to 94 percent of private
agricultural research takes place in high-income
countries. While private investment will be indis-
pensible to agricultural development and increased
productivity worldwide, public research will remain
the principal source of agricultural innovations

for many of the world’s (poorer) farmers for many
years to come.

Lag time between research and uptake of
technologies is typically long

It can take decades for the productivity impacts of
R&D investments to be realized via adoption and
use of new technologies. For example, it took 20
years (and arguably longer) before initial research
into hybrid corn resulted in significant commer-
cial planting of new varieties and 20 more years
before the adoption process had run its course in
the United States. Decades of slowing growth in
agricultural R&D investment by the United States
foreshadowed substantial slowdowns in the rate of
growth of US agricultural productivity. To make up
lost ground, preserve gains that have already been

made, and move toward meeting the productivity
demands of the future, renewed attention must be
given to agricultural R&D and innovation policy.

The shifting structure of US and global
research and development

Funding patterns for agricultural R&D have
undergone substantial shifts in recent years. What
research, done by whom, and how has potentially
profound productivity consequences. Getting a bet-
ter handle on the changing US and global structure
of R&D is a critical first step in revamping agricul-
tural R&D policies to meet the changing demands
of the 21 century.

The patterns of overall global research and
development spending in science are shifting

Real global spending on science has increased three-
fold since 1980. In 2009 US spending accounted for
one-third of the world total, and high-income coun-
tries accounted for 77 percent of the world’s spend-
ing. Low-income countries, which support 11.7
percent of the world’s population, accounted for
just 0.4 percent of global R&D spending. The great-
est spending growth occurred in middle-income
countries (including Brazil, India, and China), which
increased by 12.5 percent per year between 2000
and 2009. Spending grew at just 3 percent per year in
high-income countries during that time.

Global public spending on food and agricultural
research and development has shifted
geographically,and the US share has declined
significantly

High-income countries accounted for 48 percent of
total public spending in agricultural R&D in 2009,
down from 56 percent in 1960, with the United
States dropping from a 21 to a 13 percent share.
Spending by middle-income countries surpassed
the high-income total in 2009, with China’s share
growing from 13 to 19 percent of the world’s spend-
ing. Comparing agricultural research expenditures
to the size of a country’s agricultural economy
reveals that “research intensities” have increased in
the United States and high-income countries from
$0.56 of agricultural R&D for every $100 of agricul-
tural output in 1960 to $3.59 in 2009.

THE CHICAGO COUNCIL ON GLOBAL AFFAIRS



Overall US food and agricultural research and
development spending growth is slowing

Over the past several decades, the real rate of
growth of US funding for public agricultural R&D
has gradually slowed and in more recent years
spending has actually decreased. Funding for
productivity-enhancing research has also fallen
from 65 percent of total public spending in 1976 to
56 percent in 2009. Private spending has increased
to 58 percent of total public plus private spending,
up from a roughly equal share through the end of
the 1980s. Spending shares between federal versus
university research have shifted from roughly equal
shares around the middle of the 20" century to
nearly three-quarters conducted by universities in
recent years.

The structure and orientation of international
research has shifted

The Consultative Group on International
Agricultural Research (CGIAR), a consortium of
international research centers, receives only a small,
and of late, declining fraction of global agricultural
research dollars—just 1.6 percent of the global pub-
lic-sector total in 2009. The US share of funding for
the CGIAR declined from a peak of 29.3 percent in
1983 to 12.8 percent in 2010. In addition, funding
has shifted away from unrestricted funds, which

are spent at the discretion of a research center’s
management, toward primarily restricted funds to
be used for specific projects. Restricted funds rose
from 10.2 percent of total funding in 1970 to 67.1
percent in 2010. This is a massive change in how and
by whom decisions are made about the deployment
of resources. While reforms in the funding and oper-
ations of the CGIAR are under way, the outcome is
still unclear and significant challenges remain.

Rethinking global agricultural
research and development

To safeguard the hard-won agricultural productivity
gains made over the past half century and to meet
the future challenge of feeding two billion more
people by 2050 will require revitalizing the institu-
tions and investments that promote productivity
growth in global and poor-country agriculture. A
more comprehensive perspective on the world’s

innovative capacity in food and agriculture is
needed to effectively tap local knowledge stocks for
the benefit of agricultural producers worldwide.

Estimating accumulated knowledge stocks and
spillover potentials

This paper quantifies the stocks of productive
knowledge in countries around the world through
measures of “home-grown” knowledge and “other
people’s” knowledge, along with the potential of
that knowledge to spill across national borders.
National spill-in potentials are measured based
on the agroecological and production similarities
among countries. For example, given their agroeco-
logical similarities, countries in the middle north-
ern latitudes might benefit most from US research
(and vice versa). Taking production similarities into
account, countries such as Mexico and South Africa
could benefit from US research. A metric of the
amount of knowledge that could potentially spill in
to each country was then calculated by averaging
the potential spill-ins from these two measures.
The analysis reveals that, on average, countries
with smaller shares of the world’s stock of knowl-
edge have greater potential to benefit from R&D
spill-ins. While most Sub-Saharan African countries
have above-average spill-in potentials, all countries
have sizable spill-in potentials.

Leveraging spillover potentials as part of
domestic (and global) research decision making

The extent and pattern of potential spillovers
should be integral to decisions on how much and
what types of research to fund and where in the
world is best to conduct or target the research. For
example, for certain types of commodity research,
a regional or multicountry approach may be more
appropriate than if individual states or countries
conducted uncoordinated, unproductively repet-
itive, possibly competing programs of research. In
the decades ahead, substantial reform of research
institutions may be necessary to achieve efficient
jurisdictions for agricultural R&D, especially in light
of the rapidly changing structure of agriculture and
changes in communication, bioinformatics, trans-
portation, and the conduct of science itself.

AGRICULTURAL INNOVATION: THE UNITED STATES IN A CHANGING GLOBAL REALITY



Introduction

ecent trends in farm productivity and food

prices raise concerns about whether the era of

global agricultural abundance is over. Anxieties
over affordable access to food have resurfaced in
reaction to recent food price volatility, projected
population growth, and longer-term environmental
concerns, including changes in climate, ever-tighter
supplies of water for irrigation, and degradation
of soil and other natural assets that sustain global
agricultural production. With an estimated two
billion more mouths to feed by 2050 and compara-
tively limited scope for increasing the land used in
agriculture, future increases in agricultural output
will be even more reliant on sustained increases in
agricultural productivity than they were in the past.!
Agricultural research and development (R&D) is
a crucial determinant of agricultural productivity
and production and, therefore, of the world’s global
food prospects.

Research is a particularly powerful instru-
ment for promoting international and domestic
economic growth and development. Perhaps less
appreciated is the importance of R&D in simply
maintaining productivity gains that have already
been achieved, as environmental challenges and
coevolving pests and diseases progressively under-
mine those gains. At the same time, the global R&D
investment environment that yielded so much
progress in the past is undergoing seismic shifts,
including a decline in the share of investments
made by the United States and other high-income
countries. If the world is to meet the productivity
challenges before it, those making decisions that
affect agricultural R&D must be better informed
about the changing nature of agricultural innova-
tion processes worldwide and how to best leverage
R&D investments for the benefit of all countries—
rich and (especially) poor.

Domestic research policies and institutions
have often failed to take full advantage of the enor-
mous stocks of agricultural knowledge that exist
internationally—developed in other countries and
through international research centers—and that

could be adapted to fit local economic and environ-
mental circumstances. In addition, as in the case of
the United States, policymakers in some countries
have sometimes failed to fully appreciate the poten-
tial of their own knowledge stocks to aid develop-
ment in other countries. Consequently, a more
comprehensive perspective on the world’s innova-
tive capacity is needed to increase efficiencies.

This report looks at the processes of agricultural
innovation and the role of R&D in increasing agri-
cultural productivity. It presents new evidence on
investment trends in public and private food and
agriculture research in the United States and world-
wide and discusses the implications of these trends
for global agricultural productivity. This assess-
ment goes beyond simple notions of R&D spend-
ing to also consider more pertinent and newly
constructed country-by-country measures of the
accumulated stocks of agricultural knowledge and
of research “spillover” potentials on the premise
that the changing international interconnectedness
of agricultural innovations—and the R&D systems
supporting these innovation processes—should
be part of a new way of thinking about global eco-
nomic development prospects for the 21 century.
It typically takes decades for R&D to do its magic,
principally by way of improved productivity and
sustainable economic growth. Decisions taken
and especially the R&D investments made (or not
made) now—even in these tight fiscal times—will
have profound domestic and global consequences
through the middle of this century and beyond.



CHAPTERT
The Nature of Agricultural Innovation

ith global agricultural demand expected
V\/ to increase about 62 percent between

2005-07 and 2050, increasing crop yields
will be pivotal to meeting global demand at prices
that people can afford.? The dramatic rise in agricul-
tural productivity and the long-run decline in real
(inflation-adjusted) agricultural prices that have
characterized the past half century may be in dan-
ger, as signs of a reversal in this pattern follow sev-
eral decades of slowing growth in agricultural R&D
spending by the United States and other countries.?
This section looks at how R&D investments impact
productivity and at the nature of agricultural innova-
tion to guide new thinking in the approach to R&D
policies and investments required to help meet the
global food and agricultural challenges ahead.

Investments in research and
development are a primary driver
of agricultural productivity growth

Over the past century, the productivity of agricul-
ture in the United States has grown dramatically.
For example, US corn production increased from
2.7 billion bushels in 1900 to just under 12.4 bil-
lion bushels in 2011, or about 36 percent of the
entire world’s output of this crop.* During that
time, the amount of land used for corn production
fell,® revealing that increases in output came from
increasing corn yields (output per acre). US corn
yields grew from an average of just 28.1 bushels
per acre in 1900 to 147.2 bushels per acre in 2011,
a growth rate of 1.49 percent per year.® While some
of the yield growth resulted from increases in the
quantities of inputs used by farmers—such as
fertilizers, herbicides, seeds, machinery, fuel, and
irrigation—a sizable share of the measured growth
in productivity reflects changes in the quality of
inputs—such as the development of new varieties
of corn, especially hybrid varieties stemming from
investments in R&D.”

Figure 1 graphically illustrates the power of
such investments. The upper line shows the total

AGRICULTURAL INNOVATION: THE UNITED

value of US agricultural output from 1949 to 2007,
which grew from $29.9 billion to $281.5 billion. The
lower line shows what the value of US agricultural
production would have been if the same inputs
and technology from 1949 had been used from
that point forward. Thus, the darker shaded area
represents the output attributable to productivity
growth since 1949, a benefit worth $219.6 billion
in 2007 alone.? Yet total US public and private
investment in agricultural research was only $11.1
billion in 2007, and the returns on this investment
are large.’

Importance of sustaining research

The historically high crop yields and productivity
levels now evident for US agriculture represent
hard-won gains by yesteryear’s public and private
researchers and farm innovators. But these past
and present gains are by no means to be taken for
granted, let alone be counted on to sustainably
increase the productivity of US (and global) agricul-
ture. Cutbacks in agricultural R&D spending (see

Figure 1 —Value of US agricultural output attributable
to productivity growth, 1949-2007

[ Total value of production

Il Value of production attributable to inputs
300
250
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150

USD in billions (nominal)
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Source: Pardey, Alston, and Chan-Kang (2012), an updated version of figure 12.1 from Alston
etal. (2010).
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chapter 2) are bound to eventually slow the pace of
productivity growth and may even claw back past
productivity gains as economic and environmental
circumstances change to undermine those gains.
Indeed, the slowing growth (now cutbacks) in infla-
tion-adjusted spending on US public agricultural
R&D since the 1960s is associated with a dramatic
slowdown in multifactor productivity (MFP) growth
in US agriculture since about 1990. MFP growth
almost halved from 2.12 percent per year for the
period 1949 to 1990 to just 1.16 percent per year for
the period 1990 to 2007.1°

Many of the traits incorporated into new vari-
eties of crops, for example, are designed to protect
them from the ravages of pests and diseases and
the competitive pressures of ever-evolving weeds.
Yet nature continually adapts to these changes,
presenting new and evolving challenges. Changes
in climate can also contribute directly (via heat,
drought, or floods) or indirectly (via the evolution
of biotic stressors on plants) to the downward pres-
sure on productivity.

Avivid illustration of these continually evolving
natural agricultural challenges is a renewed threat
to the world’s (including the US) wheat crop posed
by stem rust, a potentially devastating fungal dis-
ease of wheat. The disease can kill wheat plants, but
more typically it reduces foliage, root growth, and
grain yields. In the United States prior to the 1960s,
crop losses from stem rust were sizable—almost
24 percent of the country’s wheat production was
lost to the disease in 1935, and losses in the 5 to
10 percent range were also not uncommon (figure
2a). Breeders developed varieties that were resis-
tant to the disease, but after years of successes in
keeping the rust at bay, new virulent races (col-
lectively referred to as “Ug99”) have emerged with
the potential to infect much of the world’s wheat.!!
Like all crop-pathogen interactions, wheat and its
stem rust pathogens are locked in a coevolutionary
Darwinian dance. Wheat varieties with resistance to
contemporary races provide the selection pressure
for the evolution of new races of rust that overcome
that resistance. Wheat breeding successes can be
short- or long-lived, but by their very nature sow
the seeds for their own failure.

The reemergence of stem rust as a real threat
to wheat yields in the United States and elsewhere
coincides with a rundown in spending on US agri-

cultural research in general and stem rust research
in particular.? Pardey et al. estimated that the
economically justifiable spending on stem rust
research was around $51 million per year, a seem-
ingly paltry amount, but more than double what
has been spent on an annual basis over the past
decade or so.”® An investment strategy that supports
sustained research programs in crop-pest systems
subject to these coevolutionary pressures is critical
to identifying and addressing these ever-evolving
pest and disease threats.

The stakes are substantial. Around two-thirds
of the world’s wheat area is climatically suitable to
support the growth of stem rust, and the fungus will
persist interseasonally on about 11 percent of the
wheat acreage worldwide (figure 2b). The potential
problems posed by the disease vary from location
to location. For example, in Sub-Saharan Africa, 83
percent of the wheat acreage is suitable for the dis-
ease, which will persist on about 61 percent of the
region’s wheat acreage, a much more pressing prob-
lem than revealed by the global averages. Failing to
increase and sustain investments in rust-resistance
research is tantamount to accepting an increase in
the risk of yield losses on one of the world’s food
staples and severely undermining the livelihoods of
poor wheat farmers in Africa and other low-income
areas of the world.

Beyond the need to maintain spending on
research to protect the productivity gains that have
already been made, research investments will be
critical to developing the innovations needed to
sustainably meet future growth in demand.

Agricultural innovation is inherently
an international and cumulative
endeavor

Progress in agriculture has always been an inher-
ently international affair, a fact that is often under-
appreciated. Most agricultural production today
uses genetic material that had its source hundreds
or even thousands of miles away. After thousands
of years of slow development, slow improvement,
and gradual movement of plants and animals, the
rate of change has accelerated in the past 500 years.
The “Colombian Exchange” that was initiated when
Columbus first made contact with native Americans
in the “New World” was an early catalyst.!
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Figure 2 — The challenge of stem rust
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Before the modern scientific age, many of importing several hundred grape varieties from
the advances in American agricultural productiv-

ity resulted from the efforts of plant prospectors
who imported new and improved crop varieties
from foreign lands. Walter Burling of Mississippi
imported a new cotton variety from Mexico in

across Europe, North Africa, and the Middle East
in the 1860s. In addition to the efforts of private
citizens, the US Department of Agriculture (USDA)
sent its scientists to the far corners of the globe

in search of better plant varieties.'® These efforts
1806 that would become the mainstay of the early

American cotton industry. Agoston Haraszthy

were particularly fruitful in introducing varieties

of wheat and other crops suitable for the relatively
helped transform the California wine industry by arid and harsh conditions on the Great Plains.
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Most of the commercial agriculture in the United
States today is based on crop and livestock species
introduced from Eurasia (e.g., wheat, barley, rice,
soybeans, grapes, apples, citrus, cattle, sheep, hogs,
and chickens), though with significant involvement
of American species (e.g., corn, peppers, potatoes,
tobacco, tomatoes, and turkeys) that are also dis-
tributed throughout the rest of the world.!®

Along with the international movement of
plants and livestock, there was also much direct
transfer of European farming techniques, practices,
and materials to the New World and the (colo-
nial) tropics. The global diffusion of agriculturally
significant plants and animals and the tools and
techniques used in agricultural production—col-
lectively known as “spillovers”—have been a pivotal
part of the history of agricultural innovation.

Science is also a cumulative endeavor, with a
snowball effect. To many, technological progress
appears to happen by a series of breakthroughs,
be it the invention of tractors, hybrid corn, bio-
engineered pest- or herbicide-resistant crops, or
drip irrigation. While the occasional genius does
make a great leap forward, the real magic of sci-
ence stems from the slow and steady accretion of
new knowledge.

Today'’s scientists stand firmly on the shoulders
of those who went before them. While investments
in research give rise to new ideas, know-how,
and innovations in the near term, these innova-
tions draw directly on the efforts of past research.
Innovations beget new ideas and further rounds
of innovation or additions to the cumulative stock
of knowledge. It is the accumulation of research
results over the long run that accounts for the
differences in agricultural productivity observed
around the world.

The mutually beneficial effects of accumulating
and exchanging ideas is why lone innovators have
largely given way to institutional approaches to
research, why scientific disciplines formed profes-
sional organizations and spawned journals to cap-
ture and carry forward findings, and why scientists
seek out other scientists and their ideas at confer-
ences, via the Internet and other venues. This is one
of the reasons why sustained, long-term funding of
research is important.

Development of international research centers

Most of the world’s public agricultural R&D takes
place in national agencies largely funded (and often
operated) by each country’s respective government.
More formal forms of international collaboration in
the development and diffusion of agricultural inno-
vations, designed to more readily take advantage

of cumulative knowledge and enhance the interna-
tional spillovers of technologies and techniques for
the benefit of all countries, crystallized in the first
half of the 20" century.

Baum as well as Culver and Hyde attribute the
original idea of providing rich-country research
assistance to developing country agriculture to
Henry A. Wallace, who founded the Pioneer Hi-Bred
International Company in 1926 and served as US
secretary of agriculture from 1933 to 1939 and as
vice president in the Roosevelt administration
from 1940 to 1944.'" In 1940 before being sworn
in as vice president, Wallace spent a month trav-
eling through Mexico. Wright observed that on
“[r]leturning to Washington, however, Wallace
found a [US] federally funded Mexican agricultural
program to be politically infeasible. Government
funds were committed to national defense. Where
else to turn? In 1941 there was no FAO [Food and
Agriculture Organization], no USAID [US Agency
for International Development], no Marshall Plan
to copy, and no World Bank. The paucity of alterna-
tives makes it less surprising that Wallace turned to
the Rockefeller Foundation for help in raising corn,
wheat, and bean yields in Mexico, even though the
Foundation was not experienced in conducting
agricultural research.”!®

As aresult, the first venture in international
collaboration in agriculture was the Mexican
Agricultural Program, a cooperative program
between the Mexican government and the
Rockefeller Foundation, established in 1943 to con-
duct crop improvement (mainly wheat) research,
which later, in 1966, became the International
Maize and Wheat Improvement Center (CIMMYT).
Another notable international collaboration was
the rice research program at Los Bafios in the
Philippines that led the Rockefeller Foundation, in
partnership with the Ford Foundation, to establish
the International Rice Research Institute (IRRI) in
1960. Closely following these developments came
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Wheat varietal spillovers

In 2005 the hard red winter wheat variety Jagger was the
most widely planted variety in the United States, occupy-
ing 11 percent (i.e., 5.5 million acres) of the total US wheat
area and more than 25 percent of the area in states such as
Kansas and Oklahoma. Released commercially in 1995 as a
joint product of the Kansas agricultural experiment station
and the USDAs Agricultural Research Service (USDA-ARS),
Jagger was one of a number of important wheat variet-
ies grown throughout the US wheat belt in the mid-2000s
(Sears et al. 1997). Others included Jagalene, grown widely in
Kansas and Nebraska, and Reeder, a popular variety in North
Dakota and Montana.

The pedigree (or family tree) starkly reveals the cumu-
lative nature of agricultural innovation processes and also
shows the intrinsically international nature of modern crop
breeding efforts (figure B1). The breeders who developed
Jagger drew on genetic material from all over the world and
throughout the United States. Jagger was formed by cross-
ing the breeding line KS82W418 (developed by the Kansas
agricultural experimental station) with the variety Stephens
(developed jointly by the Oregon agricultural experiment
station and USDA-ARS). In turn, these two varieties stand
firmly on the shoulders of the investments in scientific crop
breeding over the past century and the eons of selection
and seed-saving efforts of farmers since wheat was first
domesticated around 10,000 years ago. Jagger’s ancestry in-

the establishment of the International Institute

of Tropical Agriculture (IITA) in Ibadan, Nigeria,

in 1967 and the International Center for Tropical
Agriculture (CIAT) in Cali, Colombia, in 1968. The
further development of international agricultural
research centers took place largely under the aus-
pices of the Consultative Group on International
Agricultural Research (CGIAR), established in 1971
as bilateral and multilateral donors bought into
the model."

The accomplishments of the Green Revolution
of the 1960s and 1970s are attributable to the devel-
opment and international transfer of new crop vari-
eties and associated innovations that were enabled
by the CGIAR and its antecedent activities.* For
example, the use of improved wheat varieties with
CIMMYT ancestry by India and Pakistan contrib-
uted to a doubling of wheat production in the two
countries from 1967 to 1971.2! From 1961 to 2000
rice production in the developing countries of Asia
grew 170 percent, with 83 percent attributable to

Table B1 — Number and share of pedigree nodes by origin

Number Share (%)
CIMMYT 25 8.4
Low & middle income 70 23.5
USA 94 315
Other high income 109 36.6
Total 298 100

Source: Pardey and Chan-Kang (in process).

cludes varieties like Turkey Red from Russia, Noe from France,
Federation and Purplestraw from Australia, Yaqui from
Mexico, and Etawah from India.

Tallying up the number and origin of the known nodes
in the genetic lineage (or pedigree) of Jagger reveals that
almost 70 percent of the antecedent varieties come from
places and breeding efforts outside the United States (table
B1). Around 8 percent of the known nodes were developed
by scientists at the International Wheat and Maize Crop
Improvement Center (CIMMYT), located in El Batan, Mexico,
that is supported in part with funds from the United States.

The international collective action that constitutes crop
breeding is further evident in table B1, with almost one-quar-
ter of the known nodes in Jagger’s pedigree coming from the
developing world and almost 37 percent of the material spill-
ing in from other rich countries.

growth in yield. In Latin America rice production
doubled from the mid-1960s to 1995, allowing the
region to become largely self-sufficient in rice.?

The importance of spillovers

A myopic view of innovation policy would consider
only recently and locally performed R&D. A more
nuanced approach is to recognize that the findings
from local research spill across national borders
(typically in both directions, in and out of a coun-
try) and to be explicit about these spillovers when
forming innovation policies, particularly when
deciding how much to invest in agricultural R&D
and who should pay for it.

From an economic perspective, when R&D in
one political jurisdiction (e.g., a state or a country)
results in spillover benefits in another political
jurisdiction—whose residents have not partic-
ipated in the choice about what R&D to do and
have not contributed to the costs of the R&D—an
interjurisdictional externality exists.”® As with exter-



Figure B1 — Partial pedigree of Jagger
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nalities among individuals, externalities among
jurisdictions involve efficiency losses. It thus makes
economic sense, for example in the United States,
to fund public US agricultural R&D with a mix of
federal and state funding because states typically
underfund locally performed research to the extent
benefits spill out and accrue to producers and con-
sumers in other states (that is, decision makers in
the state consider all of the R&D costs, but only the
portion of the benefits that is captured locally). So
too would countries underinvest in agricultural
R&D from a global perspective to the extent that
the results of research done in (and paid for by)
one country spill over and realize benefits for those
residing elsewhere in the world. This provides an
economic motivation for international, regional, or
other forms of collective (cross-country) action in
agricultural R&D in addition to local research.

R&D spillovers from international sources,
including the international research centers, are
still of substantial if not increasing economic

importance to US agriculture. For example, foreign
entities accounted for 64 percent of all the plant
varietal rights in the United States in 2008, com-
pared with just 21 percent in 1984.2* By the early
1990s, about one-fifth of the total US wheat acreage
was sown to varieties with International Maize and
Wheat Improvement Center (CIMMYT) ancestry,
and in 1993 virtually all the California spring wheat
crop was grown with varieties from CIMMYT or
CIMMYT-based ancestors.”® The US reliance on
wheat varieties from CIMMYT and elsewhere in the
world persists, as illustrated in box 1. The CIMMYT
spill-ins to the United States are an example of the
payoffs of US support for these centers—promoting
productivity growth among American wheat farm-
ers as well as poor smallholder wheat producers
throughout the world. Few other forms of US devel-
opment aid have such profound payoffs worldwide
while also realizing direct economic benefits for
the US economy.
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The reliance on R&D spillovers goes well
beyond wheat varieties. A comprehensive study
by Alston et al. of the state-by-state returns to all
the state-level investments in agricultural R&D
performed in the United States estimated that, on
average, one-third of the economic benefits from
research-induced productivity gains in agriculture
in each state were attributable to spill-ins from
research done in other states or by the federal
government.?

R&D spillovers are especially important to
low-income, developing countries. With limited
capacity and resources for domestic R&D, these
countries are more reliant on research done else-
where to help boost agricultural development and
productivity. Nonetheless, locally targeted research
programs are essential parts of the innovative pro-
cess in agriculture. Agriculture is inherently site
specific, with myriad local factors such as climate,
soil, pests, cultivation practices, and markets affect-
ing productivity and production.?” National pro-
grams of research are often carried out with specific
local problems in mind. For example, corn varieties
(be they bred conventionally or by more modern
methods) must be tailored to local production real-
ities that affect the performance of the plant. Thus,
new technologies with spillover potential for other
areas of the world still require further research to
enable local adoption and uptake.

Both the private and public sectors
have critical roles to play

Changes in the scope of intellectual property pro-
tection have been associated with a rise in agri-
cultural innovations coming from the corporate
sector. For example, legal forms of plant varietal
rights have been on offer in the United States since
1930 and the corporate share of the rights issued
has risen from 55 percent in the 1930s and 1940s
to 82 percent of the rights in more recent times.?®
The intellectual property landscape evolved hand-
in-hand with important changes in the genetics
and genomics sciences that support crop varietal
development. The legislative and legal changes
that gathered momentum in the 1980s preceded a
substantial rise in the amount of private research
oriented towards biological innovations during the

subsequent two decades by firms such as Monsanto

and Pioneer-Dupont.? In addition, the share of
food processing, beverage, and tobacco research in
total food and agricultural R&D has continued to be
a big part of the private R&D effort over the past 50
years (averaging 43 percent of the private US total
over the past two decades) as industry has sought to
respond to changing consumer demands, including
an increase in the share of food and beverages con-
sumed away from home and a growing demand for
prepared foods and those packaged in more conve-
nient forms.*

While the increasing investments in innova-
tion by private firms have obviated the need for
some public research, much of the private research
stands firmly on the shoulders of publicly per-
formed research. For example, public and private
roles were closely intertwined in the crop varietal
technologies described in box 2 and the develop-
ment of the new disease-resistant wheat varieties
described earlier. The complementary role of public
and private research is unlikely to change, although
the details of what research is done in the public
versus private sectors will surely change as intel-
lectual property policies and practices continue to
evolve along with the scientific and market realities
that shift the incentives and comparative research
advantages of each sector.

The different roles played by public and pri-
vate research are revealed to some extent by the
substantial differences in the composition of the
research performed by both sectors. Figure 3 shows
that around 44 percent of the food and agricul-
tural research performed by the US public sector

Figure 3 — US public agricultural research and
development by type, 2007-2009
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Source: Developed by authors from USDA, Current Research Information System (CRIS),
various years.
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Crop varietal technology timelines

The timelines below illustrate the lengthy innovation pro-
cesses typical of agriculture. They also reveal the comple-
mentary roles of the public and private sectors and the com-
plex interactions between them in going from a new idea to
a marketable innovation. Some of the innovations were put
in the public domain, some were protected by intellectual

property rights.

Figure B2 — Timeline of scientific and commercial events to develop new crop traits and varieties

In these timelines the circles represent innovative
events that occurred somewhere in the public sector, the
square nodes are private R&D efforts. The dark shaded nodes
are commercial events or innovative effort subject to intel-
lectual property protection undertaken by either the public
or private sectors.
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is considered “basic” research, where the notional
objective is the pursuit of new knowledge or ideas
without specific applications in mind.* The insights
gained through basic research feed into the devel-
opment of future innovations and technologies
that increase productivity and economic growth
over the longer run.*? Another 47 percent of public
research is classified as “applied,” or research done
to meet a specific need. Only 9 percent is deemed
“developmental” and directed towards the pro-
duction of specific products and processes with
nearer-term commercial potential. By contrast, the
National Science Foundation reports that US pri-
vate research is overwhelmingly “developmental” in
nature, intended to develop prototypes, new pro-
cesses, or products for commercialization. Overall,
63 percent of private US R&D was of this type in
2009, with only 18 percent of private research con-
sidered applied and 19 percent considered basic.*
Figure 4 shows US food and agriculture R&D
broken down into five subsectors. Once again
the composition of the research varies markedly
between the public and private sectors. Food
research is the largest component of private
research, accounting for 35.7 percent of the total
when averaged over the three years from 2007 to
2009. With 83.9 percent of the value of 2010 US
food sales accruing to postfarm activities, this is
to be expected.* Chemicals and pharmaceuticals
research, designed to develop new herbicides,
pesticides, fungicides, and veterinary medicines,
accounts for the next largest share of private
research, followed by agricultural R&D (which
includes biological research intended to develop
new crop varieties) and research on new farm
machinery and equipment. The public sector does
negligible machinery research, accounting for only
2.3 percent of total public plus private research in
this area. The largest share of public research is in
agriculture. This includes research on plant and
animal growth processes; disease and reproductive
systems; crop, livestock, and natural resource (e.g.,
soil and climate) management issues; and so on.
Food-related research in the public sector includes
new and improved food processing technologies
and food products as well as human and animal
nutrition, food storage, and safety issues.

Figure 4 — US public and private food and agricultural
research and development by economic sector,
2007-2009
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Source: Developed by authors from USDA, Current Research Information System (CRIS) (2012)
database and Dehmer and Pardey, Private Food and Agricultural R&D (in process).

Most of the world’s private food and agricul-
tural R&D is conducted in and targeted toward
rich-country markets. The more limited pri-
vate-sector participation in agricultural research
done in or for developing countries stems from
several factors, many of which are likely to persist
for some time (except perhaps in countries expe-
riencing relatively rapid economic growth such as
Brazil, China, and India). A significant share of food
produced in developing countries is consumed by
the household that produced it. Even when com-
modities enter the marketing chain, they are often
purchased in less processed forms for preparation
and eating at home. Consequently, a much smaller
share of the food bill in developing countries
accrues to postfarm food processing, shipping, and
merchandising activities, areas where the incentives
for private innovation are relatively pronounced.

Likewise, on the supply side, purchased inputs
(such as herbicides, insecticides, improved crop
varieties or animal breeds, and all sorts of agri-
cultural machinery) constitute a comparatively
small share of the total costs of production in many
agricultural market segments in many parts of the
developing world. While this is likely to change
as incomes rise and infrastructure improves, the
pace of change will be gradual in the poorest areas,
where (semi-)subsistence farming still predom-
inates. The cost of doing business in places with
small and often remote farms subject to poor
market access, lack of farm credit, and limited
communication services also undercuts private
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participation in agribusiness, in turn reducing the
private incentives to invest in R&D targeted to these
markets. In addition, a plethora of regulations,
many times inefficiently enforced, combined with
an uncertain and incomplete legal environment
(especially related to contract law and intellectual
property protection) make it difficult for local and
multinational private interests to profitably pene-
trate agricultural markets with new seed, chemical,
or other agricultural technologies in substantial
parts of the developing world.

Private investment will increasingly be critical
to agricultural development and increased produc-
tivity in the developing world. However, the current
obstacles to investment make clear the importance
of public investments, which can make private
investment in these areas more attractive. Publicly
performed R&D continues to play a pivotal, and
typically complementary, role to private R&D in the
rich countries, and will remain the principal if not
sole source of agricultural innovations for many of
the world’s (poorer) farmers for many years to come.

Lag time between research and
uptake of technologies is typically
very long

While investments in agricultural R&D yield sub-
stantial returns, it typically takes a long time for
R&D to affect agricultural output. Getting innova-
tions into the hands of farmers requires much more
than just lab bench science, which itself takes time.
In addition to the persistence it takes to generate
new technologies that pass commercial muster,
extensive field testing and adaptation of the pri-
mary (crop) innovation to variable local agroecolo-
gies are required before these technologies spread
across farmers’ fields.* In some cases, such as for
transgenic crop varieties like Bt corn and Roundup
Ready soybeans, additional testing for allergenic-
ity and other safety factors and for weediness and
other environmental effects may be required or
done voluntarily before the technologies gain reg-
ulatory approval for commercial use. Then when
released commercially, it often takes a long time for
the technology to be adopted. All told, the gener-
ation and uptake of new technologies often takes
decades, thus demanding a long-term perspective
on investments in R&D.3¢

The timelines in box 2 illustrate the lengthy
innovation processes typical of agriculture. While
the history of crop varietal improvement goes back
thousands of years to the beginning of agriculture,
even if we focus on the modern scientific era and
the applied research that produced hybrid corn, for
example, the relevant R&D story began at least 20
years before commercial planting of hybrid corn
became significant and 40 years before the adop-
tion process had been completed (in the sense
that the percentage of corn planted to hybrids had
reached a stable maximum).*”

The more applied research stage can be dated
to around 1918 when Donald E Jones, working at
the Connecticut Agricultural Experiment Station,
developed the double-cross method (crossing two
single inbred lines of a particular crop variety) as
a practical and effective means of realizing hybrid
vigor in corn that George Shull and Edward East
had begun pursuing using single-cross methods
a decade earlier.®® Through an expanding number
of inbreeding projects at various state agricultural
experiment stations (SAESs), research conducted by
the USDA’s Bureau of Plant Industry, and efforts by
private firms, seeds developed with this technology
were gradually bred for various local agroecologies
and began spreading among the various states in
the early 1930s, beginning in Iowa. Thus the R&D
(or innovation) lag was at least 10 years and likely
took 20 to 30 years.

The lag in getting the technologies into farmers’
fields was at least as long. The adoption curve for
hybrid corn can be seen in figure 5, which shows
the share of the US corn acreage planted with
hybrid varieties over time. Iowa had 10 percent of
its corn acreage planted to hybrids in 1936, rising
to 90 percent just four years later. It took until 1948,
however, before Alabama—a state with a distinctive
agroecology—had 10 percent of its corn acreage
planted with hybrids.* This delay reflected lags in
the availability of hybrid seed suitable for the agro-
ecology of that state and in the uptake or accep-
tance of the technology once suitable seed became
available. Nevertheless, by 1950, 80 percent and
by 1960 almost all of the corn grown in the United
States was sown to hybrid varieties.

In total, if we think of the entire research, devel-
opment, and adoption process for hybrid corn vari-
eties as having begun as late as 1918, then the total
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Figure 5 — Uptake of innovations for corn in the United States
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process that had been accomplished by 1960 took
place over a period of at least 40 years and arguably
decades longer. Despite the long lag times, the suc-
cess of hybrid corn R&D is undisputed, as shown by
the dramatic increases in corn yield achieved as a
result (figure 5). Hybrid corn continues to be grown
today in the range of 100 years since the focused
research that led to those initial innovations began
to take hold.

Contrary to popular perceptions, modern crop
varietal technologies also take many decades to
develop and diffuse. The first commercial use of
Bt corn (a genetically engineered form of corn that
produces proteins that control pests, especially
European corn borer) began in the United States in
1997. However, the scientific lineage of this technol-
ogy dates back to at least the early 1900s with the
discovery of the soil-dwelling bacterium Bacillus
thuringiensis (Bt), whose spores and insecticidal
proteins have been used to control crop pests since
the 1920s.*° Getting these proteins to express them-
selves in corn plants took a good deal of science—

AGRICULTURAL INNOVATION:

most actively during the 1980s and 1990s—before
the technology passed regulatory scrutiny and was
deemed suitable for commercial use (box 2). From
commercialization to 80 percent of the maximum
level of adoption took 12 years (figure 5). Likewise,
herbicide resistant (e.g., Roundup Ready) varieties
of soybeans took decades to develop and seven
years before reaching 80 percent of its ceiling level
of adoption following the first commercial use of
this technology in 1996.

Figure 5 also shows the successive waves of
uptake of other new technologies by US corn
farmers during the 20th century—in addition to
improved corn varieties—that gave rise to histori-
cally unprecedented increases in corn yields. The
figure shows the extent of the uptake of these new
technologies, or the percentage of corn acreage to
which the technologies were applied, and the asso-
ciated lag times. Productive as these technologies
ultimately proved, the lag times from first commer-
cial release to the ceiling (or maximum) levels of
adoption were considerable. It took decades, not
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The role of economic factors in uptake of new technologies

Economic factors that affect the extent and pace of diffusion
of new technologies are just as important as the availabili-
ty of technologies per se. Linking farms to input and output
markets is a big part of that picture. The ease with which
farms can be linked to markets can measured in travel times
between farms and the nearest city with a population of at
least 50,000 (a medium-sized city).* On average, a given acre
of Sub-Saharan African cropland is over twice as far from the
nearest medium-sized city as is cropland in the United States
(5.5 hours versus 2.7 hours, respectively) (table B3). About 30
percent of Sub-Saharan Africa’s cropland is more than six
hours from the nearest medium-sized city (versus 5.3 per-
cent in the United States and 12.5 percent worldwide), with
serious implications for farmers’ ability to cost-effectively
get (perishable) products to market and improved inputs
onto farms.

years, before the 80 percent ceiling level of adop-
tion was reached.

Part of the impediment to the uptake of these
technologies is the intrinsic site specificity of agri-
culture. For example, corn varieties (be they bred
conventionally or by more modern methods) must
be tailored to local production realities involving
soil, climate, pest, and other location-specific
attributes that affect the performance of the plant.
These constitute an ecological constraint to tech-
nology adoption in agriculture.

Economic constraints are another important
component in the lag times associated with (or
impediments to) the adoption of new technologies
(box 3). Farmers must deem new technologies more
profitable than their existing production practices
before it pays for them to switch.*? Balancing the
costs of getting new seeds, fertilizers, machinery,
and such onto farmers’ fields with the additional
revenues realized from selling the increased output
into local and international markets is the eco-
nomic essence of the decision farmers face when

Table B3 — Proximity of cropland to a city

% of cropland by time to nearest city
of at least 50,000 people

< 2 hours 2-6hours | > 6 hours
Sub-Saharan Africa 15.5 54.5 30.0
United States 419 52.8 583
World 41.9 45.6 12.5

Source: Calculated by the authors using data from Nelson (2008).

*The travel time incorporates information on not only the distance between two locations,
but also considers the mode of transport (e.g., road, rail, or water-based), slope, delays in
border crossings and other factors that influence how long it takes to reach a market (see
Nelson, 2008). Thus, the travel time is a proxy for the cost of traveling between locations
and therefore the cost of transporting inputs and outputs and of transferring knowledge
(e.g., by interacting with extension agents and company sales representatives).

choosing whether or not to use new technologies.
The 20 century rural landscape in the United
States had an infrastructure makeover that went
hand in hand with the revolution in agricultural
technologies.® Transportation, communication,
electrification, and other infrastructure lowered the
costs of getting new technologies onto farms and
delivering the added output to markets.

As illustrated, it typically takes decades for the
fruits of R&D to show up in farmers’ fields as new,
productivity-enhancing technologies. These con-
siderable innovation and adoption lags mean that it
will be decades before the economic and environ-
mental benefits of the R&D policies and investment
decisions made now will be fully realized.
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CHAPTER 2
The Shifting Structure of US and Global Research and Development

ith a significant share of supply growth
V\/ stemming from productivity-enhancing

investments in R&D, a more comprehen-
sive understanding of past and prospective R&D
investment trends is critical to understanding global

food prospects. It is the magnitude and nature of
R&D spending to which we now turn our attention.

The patterns of overall global research
and development spending in science
are shifting

Increasingly, innovations—in areas like genomics
or precision agriculture and other informatics tech-
nologies—that affect agricultural productivity arise
from R&D done in or for sectors other than agri-
culture. To place food and agricultural R&D in this
broader innovation landscape, this section begins
with a brief look at new data on the changing global
structure of science spending in general for both
the United States and the world.

Large spending differences between high- and
low-income countries

Estimates indicate that the world spent a total of
$1.1 trillion (2005 PPP prices) on all types of public
and private science R&D in 2009.* This is roughly
a threefold increase (in inflation-adjusted terms)
over the global R&D spending back in 1980. Yet

the global divide in this spending is stark. Seventy-
seven percent of the world’s 2009 science spending
was performed in just 20 high-income countries,
with the United States alone accounting for 33 per-
cent of the world total.*® The 142 remaining coun-
tries of the world accounted for the remaining 23
percent of global spending. Notably, the middle-in-
come countries of Brazil, India, and China (the
BICs) accounted for 74 percent of this rest-of-world
total. Most worryingly, the low-income countries
(those 32 countries with GNP per capita averaging
less than $1,005 per person and striving to support
11.7 percent of the world’s population) accounted
for a mere 0.4 percent of the world’s science spend-

AGRICULTURAL INNOVATION: THE UNITED

ing in 2009.%° To underscore the magnitude of these
spending differences, in 2009 the high-income
countries invested $866 per person (2005 PPP
prices) in R&D, while the middle-income group
spent $50 per person and the low-income group
committed just $6 per person.

The huge regional differences in the amount of
investment in public and private R&D are plainly
evident in figure 6. While China accounted for 13
percent of the world’s R&D spending in 2009, the
rest of Asia & Pacific (including India) had a global
market share of just 3 percent—the same share as
Latin America & Caribbean (including Brazil)—
while sub-Saharan Africa accounted for less than
one percent of the total.

Greatest spending growth in middle-income
countries, especially China

While the United States and other high-income
countries still make up by far the largest share of
global science R&D spending, there are signs of

Figure 6 — Global public and private research and
development spending, 2009

$1.11 trillion (2005 PPP)

Other Latin American & Caribbean — 1%

Brazil — 2% Sub-Saharan Africa — 1%
Other Asia & Pacific — 1% \ //Middle East & North Africa — 1%
India — 2% N\

China—13% —
USA - 33%

Other high income — 46%

Note: Eastern European and Former Soviet Union countries are excluded. Asia & Pacific
includes China and India; Latin America & Caribbean includes Brazil. High-income countries
are excluded from each geographical region. For example, Asia & Pacific excludes Japan
and Singapore; Middle East & North Africa excludes Qatar and United Arab Emirates.

Source: Data underlying Dehmer and Pardey, Global Science Spending (in process).
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an inexorable shift in the global R&D landscape.
Growth in real spending in high-income countries
from 2000 to 2009 was the lowest of all income
groups, at just 3 percent per year. Spending in
low-income countries grew by 6.9 percent per year
during this same period (from a small base), while
real R&D expenditures in middle-income countries
grew by a staggering 12.5 percent per year.

The shifting patterns of investment in science
spending overall are also reflected in spending on
food and agricultural R&D more specifically, as
shown in the next section. Moreover, the enormous
geoeconomic differences in investments in scientific
innovation worldwide will likely have a huge impact
on the innovation potential for food and agricul-
ture, especially to the extent that the sectoral and
disciplinary boundaries of R&D are blurring and
new ideas developed for one application or by one
scientific discipline spill over and affect scientific or
commercial activity in other sectors or disciplines.

The geographical footprint of public
spending on food and agricultural
research and development is also
shifting, and the United States is
losing significant global share

Over the past half century, and especially during
the past decade or so, the global pattern of public
agricultural R&D spending has also undergone a
seismic shift.*” While spending increased at an aver-

age, inflation-adjusted rate of 3.4 percent per year
from $5.4 billion (2005 PPP prices) in 1960 to $33.7
billion in 2009 (figure 7), there have been signifi-
cant, and of late accelerating, geographical shifts in
the location of this R&D.

Spending by middle-income countries now
surpasses high-income countries

In 1960 the high-income countries—classified
according to their average per capita incomes in
2009—accounted for 56 percent of the world’s
total. Almost 50 years later in 2009, that share
had dropped to 48 percent.*® This 8-point drop is
accounted for entirely by a corresponding drop in
the US share of spending, from 21 percent of the
total in 1960 to just 13 percent in 2009.
Sub-Saharan Africa has also lost market share,
declining from 10 percent of the world’s total pub-
lic-sector agricultural R&D in 1960 to 6 percent in
2009. So too has the Latin America & Caribbean
region, although Brazil’s share increased from 2 per-
cent to 5 percent, while the rest of that region lost
ground relative to the rest of the world. The notable
expansion in market share was in the Asia & Pacific
region, which grew from 21 percent of the world’s
public agricultural R&D in 1960 to 31 percent in
2009. China’s share grew from 13 percent in 1960 to
19 percent in 2009—now surpassing the US share—
while India’s grew from 3 to 7 percent. China now
spends more than any other country on public-sec-
tor agricultural R&D, including the United States.

Figure 7 — Global public food and agricultural research and development spending, 1960 and 2009

1960
$5.4 billion (2005 PPP)

Middle East & North Africa — 4%
Sub-Saharan Africa — 10%

USA—-21%

Other Latin America
& Caribbean — 7%
Brazil - 2%

Other Asia &
Pacific — 5%

India — 3%

China — 13% Other high

income — 35%

Note: See figure 6 for details on country coverage and groupings.

Source: Pardey, Chan-Kang, and Dehmer (in process).
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2009
$33.7 billion (2005 PPP)
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Figure 8 — Public agricultural research and
development spending by income class, 1960-2009

8a — Countries as share of total global
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Note: Countries are grouped into income classes using contemporary World Bank (2011, p.
305) schema and each country’s 2009 per capita income.

Source: Pardey, Chan-Kang, and Dehmer (in process).

Figure 9 — Rates of growth in public agricultural
research and development spending by decade,
1960-2009
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Note: Eastern European & former Soviet Union countries are excluded. All growth rates
were calculated using the least-squares method (i.e., as the slope of a regression of
logarithms of variables against trend). See figure 6 for details on country coverage and
groupings. The 1960s indicates the period covering 1960 to 1970 and likewise for other
decades.

Source: Pardey, Chan-Kang, and Dehmer (in process).

Figure 8a highlights the drop in the US share of
the world’s spending compared with the increase in
spending by the middle-income countries, driven
by China.* The US trend reflects the declining share
of spending for today’s rich countries as a group
and for many of the countries within this group
(specifically 20 out of 33 countries).

Figure 8b plots real spending from 1960 to
2009 by country income category. Again, the rapid
increase in agricultural R&D spending over the past
decade by today’s middle-income group of coun-
tries, including Brazil, India, and China, is clearly
visible, with spending now slightly surpassing the
high-income countries.* Both groups spent around
$16 billion dollars on public agricultural R&D in
2009. Over this same time period, the 28 countries
in today’s low-income group (of which 24, or 86
percent, are in Sub-Saharan Africa) made little
headway vis-a-vis the rest of the world. In 2009 they
collectively spent just $0.8 billion (2005 PPP) on
agricultural R&D, less than 5.2 percent of the corre-
sponding high- or middle-income totals that year.

Figure 9 shows the average rate of spending
growth by decade since 1960 for the United States,
the high-income countries as a group, and the low-
and middle-income countries as a group further
split into four regions. Reflecting the trends above,
the rate of spending growth of the rich-country
group (and of 29, or 88 percent, of the 33 countries
in this group) has slowed markedly over the years
and is now well below the low- and middle-in-
come rate (1.4 percent per year versus 3.6 percent
per year from 1990 to 2009). Among the low- and
middle-income countries of the world, the increas-
ing rate of spending growth in the Asia & Pacific
region as compared with the slower pace of growth
in Latin America & Caribbean and Sub-Saharan
Africa is especially evident. From 1960 to 2009 the
Asia & Pacific region sustained a 5.1 percent rate
of growth per year, compared with 3.8 percent for
Latin America & Caribbean and 1.8 percent for Sub-
Saharan Africa. The 1990s was an especially dismal
decade for Sub-Saharan African research, with less
spending on agricultural R&D in 1999 than at the
dawn of that decade.’! Moreover, the more recent
recovery in Sub-Saharan Africa appears fragile
and was not widespread—over half the increase
in spending from 2000 to 2009 came from just two
countries (Nigeria and Angola).

AGRICULTURAL INNOVATION: THE UNITED STATES IN A CHANGING GLOBAL REALITY



The shifting geoeconomic
order of public agricultural
research and development
investments

Over the past half century, the geoeconomic order of pub-
lic agricultural R&D investments shifted, with the histori-
cally richer countries ceding ground in more recent years to
those with rapidly rising per capita incomes. Table B4 shows
the ranking of the top 10 countries in terms of spending in
1960-62 and in 2007-09. In the early 1960s the first-ranked
United States spent almost three times more than the sec-
ond-ranked China. By 2007-09 China was spending more
than the United States. Germany dropped in the ranking, as
did the United Kingdom (sth in 1960 versus 13th in 2009).
By 2007-09 Australia had also dropped out of the top 10
(down to 16th). New entrants into the top 10 are Brazil (11th
in 1960-62, 5th in 2007-09), Spain (31st to 9th), and South
Korea (14th to 10th). India also moved markedly up the rank-
ing from 8th to 4th.

Notably, spending on agricultural R&D has become
more concentrated among the top 10 countries. In the ear-
ly 1960s the top 10 countries ranked by public agricultural
R&D spending accounted for 62 percent of the world’s total
spending; by 2007-09 this share had increased to 67 percent.

A similar trend can be seen in figure B4. Here countries
are grouped into income classes according to their 1960 per
capitaincome levels (versus their 2009 per capita income lev-

Figure B4 — Public agricultural research and
development spending by 1960 per capita incomes,
1960-2009

I Llowincome [ Middieincome [l Highincome
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Note: Countries are grouped into income classes using contemporary World Bank (2011,
p.305 ) schema and each country’s 1960 per capita income.

Source: Pardey, Chan-Kang, and Dehmer (in process).

els as in figure 8b). From this perspective, the 1960 middle-in-
come category—which included France, Japan, South Korea,
and Spain, all of which are now high-income countries—
spent substantially more on agricultural R&D in 2009 than
the corresponding 1960 high-income cluster.* Similarly, the
1960 low-income group includes China and India (now both
classified as middle-income countries) and that group also
spent more than the high-income cluster on public agricul-
tural R&D in 2009. This once again shows the shift in spend-
ing toward countries with rapidly rising per capita incomes.

Table B4 — Top 10 countries in public agricultural research and development spending, 1960s versus 2000s

Rank in 1960-62

Rank in 2007-09

USD in millions Rank in USD in millions Rank in
Country (2005 PPP) 2007-09 Country (2005 PPP) 1960-62
1. United States $1,213 2 1. China $5,767 2
2. China $433 1 2. United States $4,487 1
3. Germany $339 6 3. Japan $3,223 4
4. Japan $310 3 4. India $2,071 8
5. United Kingdom $268 13 5. Brazil $1,473 11
6. South Africa $205 24 6. Germany $974 3
7. Canada $197 7 7. Canada $871 7
8. India $162 4 8. France $867 12
9. Australia $157 16 9. Spain $795 31
10. Argentina $137 19 10. South Korea $792 14
Top 10 $3,422 $21,320
Top 20 $4,298 $26,479
Bottom 100 $958 $4,258

Source: Authors’ calculations based on data from Pardey, Chan-Kang, and Dehmer (in process).
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Box 4 shows the top countries in terms of their
public agricultural R&D spending for both 1960-62
and 2007-09. The geoeconomic order of agricultural
R&D has markedly changed, with Brazil, France,
Spain, and South Korea moving into the top 10 by
2007-09. Spending by countries according to their
1960 per capita income is also highlighted, reveal-
ing that the low-income countries of the early 1960s
have recently surpassed the high-income countries
in terms of R&D spending.

Private sector making a significant
contribution in high-income countries

While our empirical handle on private investments
in food and agricultural research is far from cer-
tain, the available evidence indicates that (a) the
private share of global food and agricultural R&D
isin the 35 to 41 percent range, (b) the lion’s share
of that research (89 to 94 percent) took place in

the high-income countries, and (c) for the rich
countries, almost one-half of that research was
concerned with producing off-farm, primarily food
processing, innovations.*

Another view of spending—research
intensities

Countries with larger (smaller) agricultural econo-
mies are likely to invest more (less) in agricultural
R&D simply because of a congruence effect.* For
this reason, looking at a country’s agricultural
research expenditures compared with the size of its
agricultural economy provides one measure of the
intensity of research spending. The research inten-
sity ratios summarized in figure 10 are (weighted)
averages by decades of the amount of public agri-
cultural R&D spending relative to agricultural GDP.
By this measure, the United States and the
high-income group have progressed steadily over
the past 50 years towards an ever-more research-in-
tensive mode of agricultural production. From
just 56 cents for every $100 of agricultural output
in 1960, these countries invested an average of
$3.59 per $100 of output in public agricultural
R&D in 2009 (figure 10). However, this increasing
R&D intensity has occurred even as the rate of
growth of agricultural R&D spending has slowed,
an indication of an even more pronounced slow-

Figure 10 — Agricultural research intensities by region
and income class, 1960-2009

Il 1960s [ 1970s-1980s Il 1990s-2000s

Percent

Low & Asia& Latin Middle Sub-
Middle Pacific America/ East & Saharan
Caribbean North ~ Africa

Africa

USA  High
Income

Note: Agricultural research intensity indicates food and agricultural R&D spending relative
to agricultural GDP.

Source: Pardey, Chan-Kang, and Dehmer (in process).

down in the rate of growth of agricultural output in
these countries.

The intensity at which the Asia & Pacific region
invests in agricultural R&D has grown much more
modestly, from 0.40 percent of agricultural GDP in
1960 to 0.54 percent in 2009. While this region has
sustained growth in agricultural R&D spending at
a comparatively rapid pace, averaging 5.1 percent
per year since 1960, agricultural output has grown
at a rapid rate as well (3.8 percent per year). Thus,
while the growth in spending on agricultural R&D
outpaced the corresponding growth in the value of
output, the growth rate differences were compara-
tively modest such that the region’s research inten-
sity only inched up over time, although increasingly
so after the mid-1990s.

In distinct contrast to the other develop-
ing-country regions of the world, research intensities
in Sub-Saharan Africa have been slipping, especially
over the past couple of decades. According to data
from Pardey, Alston, and Chan-Kang, 20 of the 43
countries in Sub-Saharan Africa had lower research
intensities in 2009 than they did in 1980.%

US food and agriculture research
and development spending growth
is slowing

Systemic shifts in the pattern of investment in agri-
cultural R&D in the United States (and elsewhere
in the world, especially among the high-income

AGRICULTURAL INNOVATION: THE UNITED STATES IN A CHANGING GLOBAL REALITY



Figure 11 — US private and public agricultural research
and development trends, 1953-2009
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Source: Public agricultural research series (exclusive of forestry research). Private food and
agricultural research series (also exclusive of forestry research) from Dehmer and Pardey (in
process). Implicit GDP deflator from Bureau of Economic Analysis (2012) used to deflate all
R&D spending series.

countries) give cause for concern. Notably, the pace
of growth in real (inflation-adjusted) public plus
private investment in US agricultural R&D slowed
considerably over the past several decades, from
3.8 percent per year during the 1950s and 1960s, to
2.7 percent per year during the 1970s and 1980s,

to just 1.2 percent per year during the years 1990

to 2009.° In the very recent past, US funding for
public agricultural R&D (i.e., intramural spend-

ing by the US Department of Agriculture, USDA,
and the state agricultural experiment stations, or
SAESs) has transitioned from an extended period of
slowing down to one of stagnation or even negative
growth.*® After adjusting for the rising costs of R&D,
public agricultural R&D spending in the United
States declined in all but one year after 2004, and by
2009 real spending was 7 percent below what it was
in 2004.5" If recent trends continue, the US market
share of public agricultural R&D worldwide will
continue to shrink.

Moreover, as other agricultural R&D agendas
such as research on health, nutrition, the environ-
ment, and biofuels have gained ground, the share
of SAES research directed to enhancing the pro-
ductivity of US farmers—or simply sustaining past
farm productivity gains via so-called “maintenance”
research—has declined from an estimated 65 per-
cent of the total in 1976 to only 56 percent in 2009.
Available estimates suggest that between 35 and 70
percent of all agricultural R&D must be invested in
maintenance research just to prevent productivity
from falling.®

Share of private funding has increased as public
sector funding has faltered

Of total US agricultural R&D investments, the
majority (58 percent in 2009) were made by the pri-
vate sector, with the remaining 42 percent made by
public agencies.* Although the private sector now
spends more than the public sector on agricultural
research in the United States, this has not always
been the case (figure 11). According to Dehmer and
Pardey, private food and agricultural R&D grew at
an average rate of 8.6 percent per year over the past
half century (or 3.2 percent per year after deflat-
ing by a purpose-built US agricultural R&D price
index), from $90.4 million ($1.3 billion in 2009 dol-
lars) in 1953 to $6.3 billion in 2009.%°

The public and private agricultural R&D sec-
tors in the United States generally grew hand in
hand over the past 50 years.®! Nonetheless, during
the 20-year period after 1953 (the first year of data
reported in figure 11), public spending exceeded
private spending on agricultural R&D. Private and
public spending were then very similar until the
late 1980s, after which private spending exceeded
public spending in all years. From an average of
44.1 percent in the three-year period from 1953 to
1955, the private share of agricultural R&D grew
to 58.4 percent over the 2007 to 2009 period. This
is still substantially less than the 78 percent of all
R&D (i.e., agriculture, health, engineering, and so
on) performed by private firms in the US economy
in 2007 to 2009. Agriculture’s share of total private
R&D in the United States has fluctuated between
1.4 and 3.0 percent since 1953, with an overall
declining trend since 1977.

Figures 12a and 12b juxtapose total (i.e., public
and private) US spending on food and agricultural
R&D against 24 high-income, OECD countries,
including the United States. The United States
accounts for around one-third of this high-income
country spending (figure 12c). In the United States, a
larger share of the total (58.2 percent) is spent by the
private sector compared with the high-income aver-
age (51.8 percent, or 48.8 percent if the United States
is excluded). The group average masks a good deal
of variation among countries. The country with the
lowest private participation rate was Greece (with an
11.3 percent private share in 2009); Switzerland had
the highest private share (87.2 percent).
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Figure 12 — US and OECD agricultural research and development spending by sector, 2009
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Source: OECD spending figures are from OECD, Aggregate Official and Private Flows (2012). US public agricultural research series were extracted from Current Research Information System (CRIS)
data files. Private food and agricultural research series are from Dehmer and Pardey, Private Food and Agricultural R&D (in process).

Federal research has shrunk relative to university
research

Public agricultural research in the United States is
conducted by federal agencies and by the SAESs and
other cooperating institutions (e.g., veterinary and
forestry schools) located throughout the land grant
universities. The balance of research effort between
local (state) and federal agencies has changed
considerably since the mid-20™ century. In 2009
one-quarter of US public agricultural research (or
10.7 percent of the public and private sector total)
was conducted in federal government labs (mainly
intramural research carried out by the USDA), while
the rest was performed at the state level by the
SAESs. Until the early 1940s, research conducted
by the USDA and the SAESs accounted for roughly
equal shares of public research spending, after
which the SAES share grew to 74 percent of total
public spending on agricultural R&D by 2009.
Compared with high-income countries as a
whole, the percentage of research conducted by
the SAESs located in the land grant universities
is quite high. While nearly three-quarters of the
public food and agricultural R&D in the United
States is conducted by universities, roughly half the
public research of the high-income country group

is carried out by universities. Once again, behind
this group average lies a substantial amount of
cross-country variation. In countries such as the
United Kingdom, Norway, and France, less than

20 percent of the public research is performed by
universities, whereas in Denmark, Sweden, and the
United States the corresponding university share is
higher than 74 percent.®

The structure and orientation of
international research has shifted

Efforts to develop formal centers of international
collaboration began in the 1940s and continued
through the 1960s with the founding of four inter-
national research centers that would become the
core of the CGIAR (see also chapter 1). By 1970 the
budgets of the four founding centers totaled US$15
million. With the creation of the CGIAR in 1971, the
system began expanding over the next two decades
(box 5). The total number of centers increased, as
did the funding per center, with funding reaching
US$305 million in 1990 ($422 million in 2005 dol-
lars). After an abrupt cessation of growth in funding
during the 1990s, funding began increasing again
after 2000, reaching $690 million ($609 million in
2005 dollars) by 2011.

AGRICULTURAL INNOVATION: THE UNITED STATES IN A CHANGING GLOBAL REALITY



Growth of the Consultative Group on International
Agricultural Research, 1960-2011

The CGIAR began modestly.Between 1960 and 1964, of the in-
stitutes that would become the CGIAR, only the International
Rice Research Institute was operating as such. From a budget
of US$15 million for the four founding centers in 1970, the
progressive expansion over the next decade involved a ten-
fold increase in nominal funding to US$141 million in 1980.
During the 1980s funding continued to grow, more than
doubling in nominal terms to reach US$305 million in 1990.
Although the rate of growth had slowed, it was still impres-
sive. In the 1990s two decades of growth came to an abrupt

end.The number of centers continued to grow—from 13 to 18
at one point, but now 15—but funding did not grow enough
in inflation-adjusted terms to maintain the real funding per
center, let alone the rate of growth. In 2000 the CGIAR spent
US$380 million (in 2005 prices, or US$338 million in nominal
terms), less than the US$422 million (2005 prices) it spent in
1990. Total funding resumed growing after 2000, increasing
to $609 million (2005 prices, or $690 million nominal dol-
lars) by 2011.

Figure B6 — Real expenditures of the Consultative Group on International Agricultural Research, 1960-2011
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Over time, as agricultural productivity
increased and donor priorities began to change, the
allocation of funding among centers also changed.
Throughout the 1970s and 1980s overall CGIAR
spending grew at a substantially faster rate (9.7 per-
cent per year) than the spending by the four found-
ing centers (5.6 percent per year).% At the same
time there was a broadening of the scope of the
system beyond the main staple food crops, which
was the focus of the founding centers, to include
commodities such as potatoes, livestock, sorghum,
millet, bananas, and plantains. Funding was also
targeted to agricultural development issues such as
food policy and the management of national agri-

cultural research systems. Mirroring domestic agri-
cultural research policy developments in the rich
countries that mainly fund the CGIAR, during the
1990s the scope of the system broadened further to
encompass forestry, fishery, water, and other issues.
As a consequence, CGIAR activities now give less
weight to directly enhancing the productivity of the
main staple food crops relative to other activities.
The long-run shift in CGIAR priorities has been
dramatic. Of the total increase in funding for the
CGIAR since 1990 ($158 million in inflation-adjusted
2005 dollars) only 1.3 percent of that increased
funding went to the four founding centers (or 34.7
percent if other centers that do research on spe-



cific agricultural commodities are also included
such as the International Potato Center (CIP), the
International Center for Agricultural Research in

the Semi-Arid Tropics (ICRISAT), the International
Network for the Improvement of Banana and
Plantain (INIBAP), and the International Livestock
Research Institute (ILRI). The overwhelming major-
ity of the funds (64 percent) were directed to issues
other than productivity improvements in rice, wheat,
and maize. In 1990 the four founding centers con-
stituted 47.2 percent (almost one-half) of the total
CGIAR funding. By 2010 their share had fallen to 34.7
percent (just over one-third).*

The Consultative Group on International
Agricultural Research accounts for a declining
share of global agricultural research investment

The size and scope of CGIAR activities vis-a-vis
investments globally in food and agricultural
research has also changed markedly. Although the
CGIAR substantially accelerated the spread of new
varieties of wheat, rice, and other technologies
(commonly called the Green Revolution), it now
receives only a small, and of late, declining fraction
of the global agricultural research investment dol-
lars. In 2009 it represented just 1.6 percent of the

$33.7 billion spent on public-sector agricultural
research worldwide or 3.0 percent of the research
spending of the less-developed countries.®

Perhaps even more dramatic is the shift in the
size of the CGIAR relative to particular rich and
middle-income countries. In 1970 public spending
on agricultural research in the United States was
30.7 times more than that of the CGIAR ($1,883 mil-
lion against $60.7 million for the CGIAR in 2005 dol-
lars), while Brazil, India, and China as a group spent
only 19.6 times more than the CGIAR. By 2009 the
spending relativities had shifted dramatically. US
public funding had fallen to just 8.5 times larger
than the CGIAR that year compared with 19.8 times
larger for the Brazil, India, and China group.®

US government contributes an increasingly
smaller share of funds

The majority of CGIAR funding (59.7 percent in
2010) comes from high-income countries, although
the relative importance of countries within that
group has changed over the years (figure 13).
Notably, the US share of CGIAR funding has
declined. In the first few years after the CGIAR’s for-
mation (1972 to 1975), the United States accounted
for 20.8 percent of CGIAR funding. The US share

Figure 13 — Sources of Consultative Group on International Agricultural Research funding, 1972-2010
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peaked at 29.3 percent in 1983 but stood at only
12.8 percent in 2010. %

Notwithstanding the fluctuations in US sup-
port, the United States is still the largest single
(country) donor to the CGIAR. Other countries
have increased their share of CGIAR funding in
the past few years, especially the United Kingdom,
Australia, and Norway. The other high-income
group of countries—i.e., excluding the traditional
major donors (consisting of the United States,
European Union, United Kingdom, and Japan)—
accounted for 30.8 percent of total CGIAR fund-
ing in 2010 ($186.9 million in 2005 dollars). The
low- and middle-income countries have always
accounted for a small share of the total (3.7 percent
in 2010). The amount of funding coming from these
countries, however, fueled especially by increases
from China and India, has increased relatively rap-
idly of late (albeit from a comparatively small base),
growing at an average inflation-adjusted rate of 11.5
percent per year from 2006 to 2010 (from $14.1 mil-
lion to $22.4 million in 2005 dollars). This compares
with growth of 8.4 percent per year for the United
States and 9.9 percent per year overall over the
same recent period.

Two other notable developments have been
the decline in support from Japan (peaking at $48.1
million in 1994 and falling to $14.7 in 2010 in 2005

dollars) and the reemergence of philanthropic sup-
port. While the Ford and Rockefeller Foundations
were instrumental in the establishment of a collec-
tive funding approach to international agricultural
research that evolved into the CGIAR, they now pro-
vide a relatively small share of the CGIAR’s funding
(a total of $1.8 million in 2010). Recently there has
been a dramatic rise in support from the Bill and
Melinda Gates Foundation (BMGF), which has been
pivotal to the revival of overall CGIAR funding in
the past few years. In 2010 BMGF contributed $71.4
million to the CGIAR coffers, almost as much as the
entire US contribution.

Consultative Group on International Agricultural
Research’s unrestricted funds have declined

Another dramatic shift in CGIAR finances is the
decline in unrestricted funding compared with
restricted funds (figure 14). In CGIAR parlance,
unrestricted funds are grants made directly avail-
able to centers “with no restrictions on their use,”
whereas restricted grants are made to centers “with
terms restricting the use of money for a particu-
lar project or use.”® Thus, unrestricted funds are
earmarked for a particular center, with spending
within a center being largely at the discretion of
that center’s management. This was the dominant

Figure 14 — Restricted versus unrestricted Consultative Group on International Agricultural Research funding,
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method of funding for the CGIAR throughout the
1970s. Typically, newly created centers were fully
funded with unrestricted support, and unrestricted
funding for existing centers remained a significant
share of their revenues through the early 1980s.
In 1982 an average of 84.5 percent of total CGIAR
funds were unrestricted (82 percent for the four
founding centers and 87.5 percent for the newer
centers). By 2010 that percentage had dropped to
just 32.9 percent.® Correspondingly, the share of
funds earmarked for specific purposes rose from
10.2 percent in 1970 to 67.1 percent in 2010. This is
a massive change in how and who makes decisions
about the deployment of CGIAR resources.
Beginning in 2010, a new funding and oper-
ational model for the CGIAR was launched in an
effort to make a clearer distinction between funders
and researchers, and to set up more strategic, mul-
ticenter modes of operation and funding.” A new
Strategy and Results Framework, developed by the
Consortium of Agricultural Research Centers and
endorsed by a Funders Forum, is being implemented
through a number of CGIAR Research Programs
(CRPs). The CRPs are intended to become the dom-
inant mechanism for funding and executing R&D
throughout the system, reducing the role of bilateral
(or direct) funding of individual centers by donors.”
This latest attempt to strategically “reform”
the funding and operations of the CGIAR centers
is still in its early stages. To what extent these new
(and still evolving) institutional structures will
enhance the operational efficiencies of and social
payoffs to funds spent by the CGIAR centers is an
open question. Notwithstanding the changes pres-
ently under way, some things have not changed.
Efforts to fundamentally streamline the system by
merging centers or programs within centers have
yet to be achieved. And, as Alston, Dehmer, and
Pardey observed, a “fundamental design flaw” of
the system still exists, with priorities determined
(or at least still markedly influenced) by donors
who typically do not represent the science agen-
cies of these donors (e.g., in the case of the United
States, USAID rather than, say, the National Science
Foundation or the USDA’s National Institute of
Food and Agriculture).” This builds in pressures to
direct the system to shorter-term, economic devel-
opment efforts at the expense of doing R&D with
longer-term, economic growth objectives in mind.

It also tends to disconnect decisions about funding
international research from decisions about fund-
ing domestic R&D.

The long-run reduction in the share of CGIAR
resources being used for research intended to
enhance the productivity performance of agri-
culture is one indication that the traditional com-
parative advantage of the CGIAR (as a unique,
research-based instrument for economic growth
and agricultural development focused on staple
food crops) has diminished. Putting flesh to the
bones of this new CGIAR structure that enables the
CGIAR to meaningfully prioritize and (re-)engage
itself in a global public and private R&D landscape
that has and will continue to grow and change
markedly will be the ultimate test of success.

Direct US support for country research
programs has trended downward

Beyond support for the CGIAR, the United States
(mainly government, but also some philanthropic
and private firms) promotes agricultural productiv-
ity and economic growth in other parts of the world
through direct support of agricultural R&D carried
out by other, mainly poor countries. The nature of
this funding has changed dramatically as well over
the years. Total public funding for this form of for-
eign aid has followed a familiar pattern, growing
rapidly through the 1960s and 1970s, peaking in the
1980s, and falling precipitously during the 1990s
until beginning a renewed upward trend after bot-
toming out in 2008.7 The fluctuating fortunes of
agricultural research funding quite closely mirrored
the priorities afforded agriculture in overall devel-
opment assistance funding (box 6).

The shifting geography of US aid earmarked
for agricultural R&D is also revealed in figure 15.
During the 1950s and 1960s, 33 percent of USAID
funding going to rest-of-world (ROW, or the world
excluding the United States) agricultural R&D went
to the Asia & Pacific region. The share of support
going to Latin America & Caribbean also began
growing in the 1960s, and especially during the
1970s. Thereafter, support to national research
activities in Asia & Pacific and Latin America gave
way to increased funding for research in Sub-
Saharan Africa, which peaked in the 1980s. Africa
now accounts for the lion’s share of USAID funding

AGRICULTURAL INNOVATION: THE UNITED STATES IN A CHANGING GLOBAL REALITY



Development aid—total and agriculturally oriented,

1960-2010

6a — ODA worldwide, 1960-2010

Total official development assistance (ODA) worldwide grew
from $26 billion in 1960 to $127 billion in 2010. About 73.2 per-
cent of the aid flows bilaterally from country to country; the
remainder supports work by a host of multilateral agencies,
including the CGIAR. In 2010 the United States accounted for
22.1 percent of total ODA. This was just o.22 percent of the
country’s GDP (compared with an average of o.51 percent
of GDP for the other rich countries of the world), or $101 per
person (compared with a rest-of-rich-world average of $198
per person).
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6¢ — Agricultural share of ODA, 1967-2010

As real food prices declined and the perceived threat of a
shortfall in global food production receded, the agricultural
share of worldwide ODA (light blue line) trended down from
a high of 13.0 percent in 1985 (20.1 percent for the United
States in 1980, dark blue line) to bottom out at 2.8 percent in
2006 (1.0 percent for the United States in 2003). Since then
the agricultural share has risen, but is still below the corre-
sponding 1967 shares.
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6b — Growth of ODA by type, 1971-2010

Since1971the fastest-growing component of the world’s ODA
has been humanitarian aid (13.3 percent per year), directed
mainly to the food, shelter,and health consequences of wars,
famines, and natural disasters. In contrast, aid to agriculture
has grown on average by only 5.9 percent per year, below the
average rate of growth of ODA of 7.3 percent per year.
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6d — Sectoral structure of ODA, 2010

In 2010, 5.6 percent of all ODA was directed to agriculture,
less than the funds going to other sectorally oriented aid
spent on education, transport, and energy, a smaller share
than is used for humanitarian aid and the development of
government and civil institutions.
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Figure 15 — US aid directed to agricultural research by region, 1950-2010

B Gova [ Arica [l Asia [ LatinAmerica [l Near East
350
300
'
S 250 l i
8
I
» 200 I
S
E 1m0
(=]
% 100 Bl | | | | I - B
i mﬂ | |
0 ™ | |
1950 1960 1970 1980 1990 2000 2010
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Source: Developed by authors with data from Alex (2012).

for ROW national agricultural research (75 per-
centin 2011).

Over the long run, there has been an inexora-
ble rise in the share of USAID’s ROW agricultural
research funding going to international—mainly
CGIAR—research that has come at the expense
of funding for national research programs. In the
1950s and 1960s, before the CGIAR was formed,
almost all USAID funding went to support research
carried out within national systems, mostly in
low- and middle-income countries. As the CGIAR
developed, ROW funding directed to the CGIAR and
other global efforts grew from 37.4 percent during
the first half of the 1970s to an average of 51.3 per-
cent during the 1990s and 75.8 percent by the last
half of the 2000s. Thus, while US support to the
CGIAR declined after the mid-1980s, this was in the
context of an even more dramatic drop in USAID
support to research (and agriculture) generally. As a
consequence, US support to ROW research shifted
heavily in favor of research carried out by the
CGIAR rather than research carried out by national
programs around the world.™

In addition to spending on ROW research, the
United States has sought to promote productivity
growth in ROW agriculture through investments
in agricultural extension and education. Figure 16,
shows the shifts in these priorities over time. From
the mid-1950s to mid-1960s, funding to agricultural

education was the highest priority; now it ranks
last on this list. From the mid-1960s to all but the
past few years, research funding received the high-
est priority, with strong growth from 1965 to 1985
followed by a sustained and sharp decline through
2007. Although real funding to agricultural R&D has
picked up since then, the recent growth in funding
to agricultural extension activities has been more
pronounced, comprising 57.6 percent of the total
research, education, and extension budget in 2011
($139 million in 2005 dollars) compared with 39
percent going to R&D ($94 million).

Figure 16 — US investments in agricultural knowledge,
1950-2010
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CHAPTER 3
Rethinking Global Agricultural Research and Development

made in agriculture over the past half century

and meet the future challenge of feeding two
billion more people by 2050 will require revitalizing
the institutions and investments that promote pro-
ductivity growth in global and poor-country agri-
culture. Refinancing and refocusing CGIAR efforts
to emphasize innovation activities with potentially
high social payoffs is one way forward. But the
CGIAR constitutes just 1.6 percent of global food and
agricultural R&D investments in the public domain
and less than 1 percent of total (public and private)
food and agricultural R&D worldwide (data from
2009).” A more comprehensive perspective on the
entire world’s innovative capacity in food and agri-
culture is needed to effectively tap the rest-of-world
knowledge stocks for the benefit of poor-country
producers and take advantage of some especially
promising and economically rewarding opportuni-
ties, especially given the fragile and shifting nature
of funding for food and agricultural research. In this
section, new data on the accumulated knowledge
stocks and spillover potentials of countries around
the world are presented to help provide this perspec-
tive and better inform and guide innovation policies.

While bilateral (country-to-country) spillovers

of agricultural innovations have long been, and still
are, a significant source of agricultural productivity
growth for all countries, the nature of and prospects
for spillovers have typically failed to figure highly in
the formulation of domestic research policies and
institutions designed to spur local agricultural sec-
tors. Repositioning and reconceiving public R&D
efforts to make more effective use of spill-in poten-
tials for all (especially poor) countries are likely to
have high payoffs, especially given a likely contin-
uation of the global underinvestment in food and
agricultural R&D.”® While the low-income countries
as a group had accumulated an agricultural knowl-
edge stock of just $452 million (2005, PPP prices)
by 2009, we show that on average they individually
have the potential to tap over 1,000 times their own
knowledge stock from the stock of global knowl-

To safeguard the hard-won productivity gains

edge, even after accounting for differences due to
the site specificity of most agricultural innovations.

Estimating accumulated knowledge
stocks and spillover potentials

The size of the accumulated stock of knowledge,
not merely the amount of investment in current
research and innovative activity, provides a more
meaningful measure of a country’s technological
capacity and the state of innovation. To illustrate
the current comparative innovation capacity in
agriculture worldwide, encourage long-term think-
ing about these innovation processes, and properly
place that thinking in an international setting, we
have developed money measures to quantify these
stocks of productive knowledge resulting from
agricultural R&D spending. Two types of measures
have been developed. One is a measure of the accu-
mulation of productive knowledge from a country’s
own R&D (dubbed “home-grown” knowledge),
and the other is a measure of the potential stock of
knowledge spill-ins from R&D done elsewhere in
the world.”

The current stock of productive knowledge
and the contribution of past research spending to
that stock are affected by the type of research, the
institutional structures surrounding the research,
and the economic context that affects the use of
this stock. For example, while some science makes
persistent (and even perpetual) contributions to the
accumulated stock of locally produced knowledge,
spending in societies ravaged by wars, institutional
instability, and outright collapse may have a much
more ephemeral effect.

“Home-grown” knowledge

In calculating own-country knowledge stocks, we
account for the lag between research spending and
the production of useful knowledge since expen-
ditures in a given year not only make immediate

or near-term additions to the knowledge stock,

but also contribute to a stream of useful knowl-



Figure 17 — Total world knowledge stock, as divided by region and country
(greatest knowledge stocks in high-income countries and Brazil, Russia, India, and China)
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edge over the next half century (if the lag structure (14.9 percent), Japan (11.2 percent), and China
found by Alston et al. 2010 is imposed). Using data (7.1 percent). Nearly half of the world’s agricultural
on country-by-country public R&D spending from knowledge stock was generated by seven countries
1960 to 2009, along with this lag structure, we cal- (the three listed previously plus Brazil, Russia, the
culate that the global, public pool of productive United Kingdom, and Italy).
scientific agricultural knowledge in 2009 was about To aid in interpretation, we divide the world
$18.6 billion (2005 PPP dollars).” About one-third into six groups (figure 17a).” First, we separate out
of the world’s public agricultural knowledge stock the 33 high-income countries regardless of where
was generated by three countries: the United States they are located. The remaining middle- and low-in-
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come countries are grouped by region: Asia & Pacific
(19 countries), Eastern Europe & the former Soviet
Union (28 countries), Latin America & the Caribbean
(24 countries), the Middle East & North Africa (7
countries), and Sub-Saharan Africa (43 countries).
The 33 high-income countries account for about 56
percent (an average share of 1.7 percent per country)
of world agricultural knowledge stocks, while the
Sub-Saharan African countries account for about

6 percent, or an average of 0.14 percent per coun-
try. The regional breakdown of world agricultural
knowledge stocks is shown in figure 17b, where the
size of each rectangle represents a region’s share of
total agricultural knowledge stocks. Each region is
sub-divided into its constituent countries, with each
country’s rectangle scaled accordingly. Of particular
note is that while some regions account for a rela-
tively small share of world agricultural knowledge
stocks, there are still countries within the respective
regions that play an important role in generating
new knowledge. For example, China, Brazil, Russia,
South Africa, and Nigeria all accounted for relatively
large shares of the global public stock of productive
agricultural knowledge.

“Other people’s” knowledge (spillover potential)

In the decades ahead, substantive institutional
innovation may be necessary to achieve efficient
jurisdictions for agricultural R&D that differ among
commodities and according to the lines of work
being undertaken, especially in light of the rapidly
changing technologies of agriculture, communica-
tion, bioinformatics, transportation, and science
itself. One way to gain a better sense of the nature
and magnitude of cross-country R&D spillovers

is to estimate the potential for research done in
one country to affect agricultural productivity
elsewhere in the world. As a first approximation,
Beddow, Pardey and Bittinger assume that coun-
tries conduct research largely in proportion to the
makeup of their agricultural systems.® For example,
a country’s research program is likely to be shaped
by the crops produced in the country and the
environments in which those crops are produced.
Thus, a country that grows little rice will devote
few resources to rice research, and a country that
does not produce in tropical environments will put

little effort to improving agricultural productivity
in those environments. The authors developed a
metric of similarity to characterize the agricultural
systems of a country; not just in terms of what is
produced, but also where and under what agroeco-
logical conditions.

Agroecology-based spillover potential

The agroecological view of the landscape of pro-
duction takes various types of ecological zones into
account, considering factors such as aridity (mois-
ture), temperature regimes, and thermal zones (e.g.,
tropical, temperate, and subtropical). From this
information, 20 distinct agroecological zones were
identified. The share of a country’s agriculture that
takes place in each of these zones gives a high-level
view of the country’s production from an agroeco-
logical perspective and gives insight into the poten-
tial for knowledge spillovers between countries. For
example, over 70 percent of Kenya’s production area
is within arid and semiarid, warm tropical areas,
while almost 80 percent of the United Kingdom'’s
agricultural area is in temperate, subhumid areas.
We would expect, therefore, that comparatively
little of the United Kingdom’s research would gen-
erate knowledge suitable to be of direct benefit to
Kenya (and vice versa). Some technologies may well
spill over, but most would require further research
to adapt them to local conditions.® In locales with
similar agroecologies to the United Kingdom, tech-
nology transfers would be less problematic and

less costly.

Figure 18a shows the similarity of the agricul-
tural area of countries the world over to that of the
United States using a cross-country “technological
distance metric.” A metric value near one indicates
that the agroecology of production is very similar
to that of the United States, and a value near zero
indicates that the agroecology of production is very
different. The map reveals that countries in the
middle northern latitudes tend to have agricultural
environments that are, on average, more similar
to that of the United States than countries located
elsewhere. From this agroecological perspective,
we therefore expect that more of the agricultural
research undertaken in the United States might be
transferable to the middle northern latitude coun-
tries (and vice versa).
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Figure 18 — Agrotechnological distances

18a — Similarities in agroecologies
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Production-based spillover potential

Another view is that the overall research effort
within a country may be apportioned in ways that
are roughly congruent with the value shares of

the commodities that are domestically produced.
Figure 18b shows the similarity of each country’s
mix of agricultural outputs relative to the United
States. This assessment yields a quite different
view of potential knowledge spillovers, with coun-
tries such as Mexico and South Africa being able

to potentially benefit more from R&D performed
in the United States. The production-based com-
parisons also give a markedly different view of

US research spillover potential for eastern and
southern Sub-Saharan Africa. These areas are fairly
similar to the United States in terms of their overall
production mix (figure 18b), but are quite dissim-
ilar in their agroecologies (figure 18a). Thus, while
commodity-based research in the United States
will likely be useful in eastern and southern Africa
(and vice versa), that research would likely need to
be adapted to the ecological realities of the recipi-
ent countries. This is also true for research results
emanating from Brazil, much of Eastern Europe,
Australia, and to a lesser extent, Argentina. On the
other hand, few countries with similar agroecolo-
gies to the United States are also highly dissimilar in
terms of what they produce.

Local versus spill-in knowledge

In addition to looking at spillover potentials
between the United States and all other countries
of the world, Beddow, Pardey, and Bittinger esti-
mate the potential for agricultural knowledge to
spill into each country from every other country,
averaging the potential based on agroecological
and production similarities.®” For example, by this
measure of spillover potential about 49 percent of
US agricultural knowledge could be applicable to
Danish agriculture, while only about 29 percent of
US agricultural knowledge might be applicable to
South Africa. For a given country, the total knowl-
edge that could spill in from another country is
given by the percentage similarity multiplied by the
stock of knowledge in the other country. Summing
these values for all countries provides an estimate
of the total global stock of knowledge that might

be relevant to each country—the amount that
could spill in.

Figure 19 brings together a number of different
measures to provide a new perspective on global
spillover potentials. Each country is represented
by a circle, the area of which is proportional to that
country’s agricultural GDP in 2009.%* The colors
of the circles represent geopolitical groupings of
countries (see figure 17a). The horizontal axis of
figure 19 shows each country’s share of the world’s
pool of productive, public agricultural knowledge.
The United States is positioned on the far right of
the horizontal axis, with the largest share (14.9 per-
cent) of the 2009 global public stock of knowledge.
Eritrea is on the far left with the smallest share (just
0.007 percent).® The vertical axis shows a country’s
spill-in ratio, or the total amount of knowledge in
dollars that could potentially spill in relative to a
country’s own stock of knowledge. The higher the
ratio, the higher the relative spill-in potential. For
example, a ratio of 1,000 indicates that for each
dollar a country invests in agricultural R&D, it
could potentially tap $1,000 of spill-in knowledge.
All countries have positive spill-in ratios—ranging
from about 2.6 for the United States to over 16,700
for Albania (not shown in figure)—and therefore, all
countries can potentially benefit from knowledge
generated elsewhere.

There are few agricultural technologies that
can be transplanted from one country to another
without modification. Alston and Pardey broached
the idea of diseconomies of economic distance in
R&D and its implications for R&D spillovers, and
their core idea holds here as well.®> As a region, by
some measure, is more distant (technologically
different) from another, the costs of adapting R&D
increase. A high spill-in ratio indicates that a large
pool of knowledge could potentially be adapted
to the local environment relative to the domestic
stock of knowledge and that much technology
could likely be used with little or no modification.
As spill-in ratios decline, this indicates that rel-
ative to the domestic stock, there is less foreign
knowledge to tap.

The data show that most of the Sub-Saharan
African countries have above-average potential
spill-in ratios. On average, Sub-Saharan African
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Figure 19 — Spill-in potential and world share of knowledge stock by country, 2009

(area of circle is proportional to a country’s agricultural GDP)
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countries can tap around 574 times their locally
produced agricultural knowledge by adapting and
adopting technologies produced in other countries
(ranging from 15 times in Nigeria to over 7,000 in
Eritrea). Thus, these areas show great potential for
tapping foreign knowledge. Countries with rela-
tively low spill-in ratios such as the United States,
Japan, China, and Brazil, could also potentially

tap large knowledge stocks, but the relative cost

of importing versus producing knowledge locally
might be higher on average.® Thus, it is not clear
that countries with both low potential spill-in ratios
and large domestic agricultural R&D enterprises
would be as successful in adapting foreign knowl-
edge as would countries with high spill-in ratios
and small domestic R&D systems. Nonetheless,

all countries have sizable spill-in potentials that
should be integral to domestic decisions about the
orientation and operational details of their own
R&D efforts.

AGRICULTURAL INNOVATION:

Leveraging spillover potentials as
part of domestic (and global) research
decision making

In an economically ideal world, the extent and
pattern of potential spillovers would be integral to
decisions on how much and what types of research
to fund and where in the world is best to conduct
the research. Notwithstanding the intrinsic site
specificity of many agricultural innovations, sub-
stantial shares of commodity research are highly
likely to spill across geopolitical boundaries within
a country, if not internationally. Thus, an individ-
ual state, or even a single country, is unlikely to be
an efficient jurisdiction for R&D into certain new
crop traits, varieties, or improved crop manage-
ment practices.

In the United States, an efficient national juris-
diction might include all of the midwestern states

THE UNITED STATES IN A CHANGING GLOBAL REALITY




where these commodities are important and where
local technological innovations are likely to be
approximately equally applicable. Even so, certain
types of corn research, for example, might be locally
applicable within a particular state, while certain
types would be applicable beyond the Midwest and
beyond the United States. This is because biological
technologies are sensitive to variations in agroeco-
logical factors such as day length, soil type, and
rainfall patterns, plus other production realities,
factors that do not usually correspond closely to
political boundaries. Nevertheless, for certain types

of commodity research, a regional or multicoun-
try approach would be more appropriate than for
individual states or countries to conduct uncoordi-
nated, competing programs of research.

The same may be said of certain types of non-
commodity research. Natural resource problems
in particular tend to be geographically specific by
definition. Simple generalizations are impossible
since some resource issues cross state and national
boundaries (e.g., rivers or off-shore fisheries), while
others are confined within a local area.
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Conclusion

s we move into the second decade of the new

millennium, the lie of the global innovation

landscape for food and agriculture is notice-
ably different than it was half a century ago. This
report reveals seismic and ongoing geoeconomic
shifts in the funding and performance of public
agricultural R&D worldwide, with the middle-in-
come countries growing in relative importance as
producers of agricultural innovations emanating
from the public sector. Private sector participation
in food and agricultural R&D has grown as well, and
now accounts for more than half the total in the
rich countries. Nonetheless, estimates indicate that
barely one tenth of the global private-sector food
and agricultural R&D is carried out in the low- and
middle-income countries. This means most of the
domestic innovative capacity for these countries
still stems from public research, although spillovers
of public and privately generated ideas and innova-
tions from the rest of the world is a major, and argu-
ably underutilized, source of technical change for
this part of the world.

After several decades of slowing and stagnant
spending, funding for the CGIAR of international
research centers has picked up over the past
decade, but the system represents a small portion
(1.6 percent) of public global food and agriculture
R&D investments worldwide. As the number of cen-
ters has increased and donors have shifted toward
providing predominately restricted funds targeted
toward special projects, with, it seems, increasing
emphasis on economic development activities,
priority on research-based productivity enhance-
ments for the main staple crops has declined. Taken
together, these changes may have diminished the
traditional role of the CGIAR as a unique, research-
based instrument for sustained economic growth
and agricultural development over the long run.
The CGIAR is but one dimension of the complex
and changing innovation landscape affecting global
agriculture. Failing to take a more comprehen-
sive perspective on the entire world’s innovative
capacity related to food and agriculture is bound

to let some especially promising and economically
rewarding opportunities slip by.

More concretely, while bilateral (country-to-
country) spillovers of agricultural innovations have
long been, and still are, a significant source of agri-
cultural productivity growth for all countries, the
nature of and prospects for spillovers have typically
failed to figure highly in the formulation of domes-
tic research policies and institutions designed to
spur local agricultural sectors. One obvious option
is to reposition and reconceive domestic public
R&D and innovation efforts to make more effective
use of spill-in potentials for all (especially poor)
countries. Whether or not investments in domestic
programs of agricultural R&D are revitalized, tap-
ping other country’s knowledge is likely to reap sub-
stantial additional rewards.

Being conscious of the ever-shifting but often
complementary public and private roles in generat-
ing and marketing food and agricultural innova-
tions is also an important part of the policy rethink
required to economically sustain global agriculture
productivity growth in the decades ahead. The
new measures of knowledge stocks and spillover
potentials presented in this report provide a start-
ing point for moving toward a more comprehen-
sive view of agricultural investment that increases
research efficiencies and helps meet the challenges
facing global agriculture that lie ahead.
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PPP) on public agricultural R&D in 2009, 2.3 times the
amount spent by the United States that year.

51. Many African agricultural public research systems
have been (and some still are) heavily reliant on exter-
nal sources of support. A large part of the decline in R&D
spending stems from the substantial reduction in support
by international donor agencies for African agricultural
research, particularly during the last half of the 1990s,
with no offsetting increase in support from national
governments. See Nienke M. Beintema and Gert-Jan
Stads, Agricultural R&D in Sub-Saharan Africa: An Era of
Stagnation, ASTI Background Report (Washington, DC:
International Food Policy Research Institute, 2006), 16.

52. Pardey and Beintema estimated that the private share
of global agricultural R&D was almost 35 percent in circa
1995, and about 94 percent of that research occurred in
developed countries. Beintema and Stads put the private
share of the total at 41 percent in 2000, of which 94.4 per-
cent took place in high-income countries. Fuglie et al.
estimated the private share of total to be 39 percent for
2000, with the high-income country share of total private
food and agricultural R&D being 89 percent. See Philip G.
Pardey and Nienke M. Beintema, Slow Magic: Agricultural
R&D a Century After Mendel, IFPRI Food Policy Report
(Washington, DC: International Food Policy Research
Institute, 2001); Nienke M. Beintema and Gert-Jan Stads,
Measuring Agricultural Research Investments: A Revised
Global Picture, ASTI Background Note (Washington, DC:
International Food Policy Research Institute, 2008); and
Fuglie et al., Research Investments and Market Structure
in the Food Processing, Agricultural Input, and Biofuel
Industries Worldwide, ERS Report no. 130 (Washington,
DC: USDA Economic Research Service, 2011). Finally,
see Philip G. Pardey and Connie Chan-Kang, Public and
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Private R&D for Food and Agriculture in Rich Countries,
1960-2009 (International Science and Technology
Practice and Policy (InSTePP) Center Report, University of
Minnesota, St Paul), in process.

53. Philip G. Pardey, M. Sandra Kang, and Howard Elliott,
“The Structure of Public Support for National Agricultural
Research Systems: A Political Economy Perspective,”
Agricultural Economics 3, no. 4 (1989).

54. Philip G. Pardey, Julian M. Alston, and Connie Chan
Kang, “Public Agricultural R&D over the Past Half Century:
An Emerging New World Order,” Agricultural Economics
(2013, in press).

55. Philip G. Pardey, Connie Chan-Kang, and Steven
Dehmer, Global Food and Agricultural R&D Spending,
1960-2000, (International Science and Technology
Practice and Policy (InSTePP) Center Report, University of
Minnesota, St Paul), in process.

56. Pardey, Alston, and Chan-Kang, Public Food and
Agricultural Research in the United States: The Rise and
Decline of Public Investments, and Policies for Renewal.
Using an implicit GDP deflator to adjust for inflation
(as we do for almost all of the R&D data reported in this
paper) indicates that real spending on publicly performed
agricultural R&D in the United States flat-lined since 2004.
Using a purpose built US agricultural R&D deflator (which
grew at an annual average rate of 3.83 percent per year
from 2004 to 2009, compared with 2.61 percent per year
growth for the implicit GDP deflator) indicates a cutback
in real spending since 2004.

57. In the one year in which it grew (2008), spending
increased by a mere 0.42 percent relative to the amount
spent in the previous year.

58. For a range of earlier estimates see M.N. Heim and
L.L. Blakeselee, “Biological Adaptation and Research
Impacts on Wheat Yields in Washington,” American
Agricultural Economics Association, Reno, 1986; Swallow
et al., Agricultural Depreciation and the Importance
of Maintenance Research (Department of Agricultural
Economics Research Report no. 56, Virginia Polytechnic
Institute and State University, Blacksburg, 1985); Edward
O. Adusei and George W. Norton, “The Magnitude of
Agricultural Maintenance Research in the USA,” Journal
of Production Agriculture 3 (1990): 1-6. Sparger reports
results from a 2008 survey of US agricultural scientists
that suggests the share of commodity research directed
to maintenance has risen to around 41 percent relative
to the 35 percent estimate for the mid-1980s reported by
Adusei and Norton. See John A. Sparger, “Is the Share of
Agricultural Maintenance Research Rising? Implications
for Future Productivity Growth in US Agriculture,” unpub-
lished MSc thesis, Department of Agricultural and Applied
Economics (Blacksburg: Virginia Polytechnic Institute and
State University, 2009).

59. For prior compilations and interpretations of US agri-
cultural R&D spending data, see Wallace E. Huffman and
Robert E. Evenson, Science for Agriculture: A Long-Term
Perspective, 2nd ed. (Ames: Iowa State University Press,
2006, first published 1993); Julian M. Alston and Philip G.
Pardey, Making Science Pay: The Economics of Agricultural
R&D Policy (Washington DC: American Enterprise
Institute Press, 1996); Alston and Pardey, “Agricultural
Productivity” (2006); Fuglie et al., Agricultural Research
and Development: Public and Private Investments
Under Alternative Markets and Institutions, Agricultural
Economic Report No. 735 (Washington, DC: Economic
Research Service, United States Department of Agriculture,
1996); David Schimmelpfennig and Paul Heisey, US Public
Agricultural Research: Changes in Funding Sources and
Shifts in Emphasis, 1980-2005, Economic Information
Bulletin Nos. 45 (Washington, DC: Economic Research
Service, United States Department of Agriculture, 2009);
and Alston et al., Persistence Pays: US Agricultural
Productivity Growth and the Benefits from Public R&D
Spending (2010).

60. Steven Dehmer and Philip G. Pardey, “Private Food
and Agricultural R&D in the United States, 1953-2009”
(International Science and Technology Practice and Policy
(InSTePP) Center Report, University of Minnesota, St Paul),
in process. The Dehmer and Pardey series is an entirely
new compilation of US private food and agricultural R&D
spending and supersedes the series reported in Alston et
al. See Fuglie et al. for an alternative set of private-sector
R&D estimates and the references in Dehmer and Pardey
for other, earlier compilations. See Alston et al., Persistence
Pays: US Agricultural Productivity Growth and the Benefits
from Public R&D Spending (2010); Fuglie et al., Research
Investments and Market Structure in the Food Processing,
Agricultural Input, and Biofuel Industries (2011).

61. A relatively rapid real rate of growth of 4.8 percent
per year was realized in the period 1953 to 1980, a period
of correspondingly rapid growth in public investment in
agricultural R&D. Real growth slowed during the 1980s
and early 1990s (2.03 percent per year from 1986 to 1992),
but picked up pace during the latter part of the 1990s
(6.7 percent per year during the period 1993 to 1998), as
large agricultural chemical, machinery, and food compa-
nies ramped up their investments in agricultural research
in the United States, along with a substantial number of
smaller, new entrants. Private food and agricultural R&D
spending declined immediately thereafter—from $4.7
billion (nominal dollars) in 1998 to $4.0 billion in 2000. It
then recovered (even after adjusting for inflation) for a few
years beginning in 2001, only to falter again in 2009. See
John King, Concentration and Technology in Agricultural
Input Industries, USDA Agricultural Information Bulletin
no. 763 (Washington, DC: USDA, Economic Research
Service, 2001).

62. Philip G. Pardey and Connie Chan-Kang, Public and
Private R&D for Food and Agriculture in Rich Countries,
1960-2009 (International Science and Technology
Practice and Policy (InSTePP) Center Report, University of
Minnesota, St Paul), in process.
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63. Through 1971 all funding went to the four founding
CGIAR centers. During the 1970s, real funding for the four
founding centers grew by 9.9 percent per year. During the
1980s, however, the rate of growth of real funding slowed
to an average of 2.5 percent per year and then declined
for the following 15 years before beginning to grow again
in 2005 at an average annual rate of 6.5 per year from
2005 to 2010.

64. Unfortunately, the CGIAR has not maintained a set of
science indicator statistics that enable funding trends to
be meaningfully parsed into commodity-specific or other
research program areas. Here the shift in center-specific
funding is being used to illustrate the shift away from
“research” on staple food crops. The extent to which
CGIAR funds are used for research versus other purposes
(e.g., outreach or extension type activities, training, agri-
cultural development efforts, or even administrative
overhead) is also difficult to determine, impossibly so, it
seems, for meaningfully examining long-term trends in
these attributes.

65. In 1990 the CGIAR constituted 5.3 percent of pub-
lic agricultural R&D spending in the less-developed
countries.

66. If private-sector research is also factored in, the
United States was 55.3 times larger than the CGIAR in
1960 and 20.2 times larger in 2009.

67. In inflation-adjusted terms, US funding to the CGIAR
continued to grow to a peak of $97.7 million (2005 prices)
in 1985 (figure 13). Thereafter, United States support for
the CGIAR waned, dropping to a low of $45.4 million in
1999. It rebounded thereafter, especially in the past sev-
eral years, although US funding in 2010 totaled just $77.8
million, about the same amount of US funding made
available to the CGIAR in the early 1980s.

68. CGIAR (Consultative Group on International
Agricultural  Research), Financial Report: 2011
(Washington, DC and Montpellier: CGIAR Fund Office
and CGIAR Consortium Office, 2012).

69. This decline had three distinct phases. From 1983 to
1991 the unrestricted share fell, but total funding for the
CGIAR (in real, inflation-adjusted terms) continued to
rise. For the period 1992 to 2002, both real funding and
the unrestricted share declined, partly reflecting the fact
that most of the new centers admitted to the CGIAR in
the 1990s joined with comparatively small amounts of
unrestricted support (unlike those that joined during
the 1970s). Since 2003 the share of unrestricted funding
has continued to decline, but growth in real funding has
rebounded, increasing by an average of 5.3 percent per
year from 2003 to 2010.

70. Selcuk Ozgediz, The CGIAR at 40: Institutional
Evolution of the World’s Premier Agricultural Research
Network (Washington, DC: CGIAR Fund Office, 2012).

71. Funding made available to individual centers by way
of the Fund Council (overseen by the Funders Forum) is
classified as restricted funding, meaning that the nature
and terms of the “restrictions” are entering yet a new
phase. At this point, bilateral funding (i.e., direct donor
to center funding arrangements) is still possible, but this
mode of funding the CGIAR will soon be subject to review.
In 2011, funding via this means (so-called window 3 fund-
ing) was $61.7 million, 8.9 percent of the $695.8 total
CGIAR funding that year.

72. Julian M. Alston, Steven Dehmer, and Philip G.
Pardey, “International Initiatives in Agricultural R&D:
The Changing Fortunes of the CGIAR,” in Agricultural
R&D in the Developing World: Too Little, Too Late? ed.
Philip G. Pardey, Julian M. Alston, and Roley R. Piggott
(Washington, DC: International Food Policy Research
Institute, 2006), 348.

73. Funding reached a low of $80.2 million (in 2005 dol-
lars) in 1996, where it stalled for several years, then
declined further during the mid-2000s to reach a new low
of $55.8 million in 2008.

74. Another focus of USAID support for international
R&D is the Collaborative Research Support Program
(CRSP), launched with funds made available by way
of Title XII of the Foreign Assistance Act of 1961 (as
amended). The CRSPs are “a partnership between US
universities, developing country institutions, and USAID
designed to apply science and technology and build
HICD [human and institutional capacity development]
to address issues of hunger and poverty.” See Robert
J. Jones, Karen Brown, Derek Byerlee, Carol Kramer-
LeBlanc, David Sammons, and Barbara Stoecker, BIFAD
Review of the Collaborative Research Support Program
(CRSP) Model (Washington,DC: Board for International
Food and Agricultural Development, 2012), http://www.
agrilinks.org/sites/default/files/resource/files/BIFAD %20
REVIEW%20FINAL_0_0.pdf. Core USAID support to the
CRSPs has been little changed since 1987, averaging $24.3
million per year for the period 1987 to 2011 (although a
little above average in recent years, averaging $28.1 mil-
lion per year for the period 2008 to 2011) (USAID). See
Jones et al., BIFAD Review of the Collaborative Research
Support Program (CRSP) Model, (Washington, DC: Board
for International Food and Agricultural Development,
2012); and USAID, “Unpublished data file ‘USAID-EGAT
Core Support to CRSPs’” (Washington, DC: United States
Agency for International Development, 2012).

75. Share estimate is based on the assumption that private
food and agricultural R&D performed in low- and middle-
income counties is 10 percent of the total amount of cor-
responding private R&D performed worldwide in 2009.

76. In the US context, for example, this might involve
restructuring the relationship between the domestic
funding for research conducted by US state and federal
agencies (e.g., by way of the Research Title of the US Farm
Bill) and the funding made available for internationally
conceived R&D (e.g., by way of USAID).
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77. The remainder of this section draws heavily on
Jason M. Beddow, Philip G. Pardey, and Alison Bittinger,
“Agricultural R&D Spillovers and Global Stocks of Scientific
Knowledge,” (International Science and Technology
Practice and Policy (InSTePP) Center Report, University of
Minnesota, St Paul, 2013), in process.

78. This metric only includes formal scientific knowl-
edge; much tacit knowledge of farmers and others is not
counted. Importantly (because of data availability), the
metric only accumulates R&D done by the public sector.
The considerable amount of innovation associated with
private R&D is not counted. For the present purpose, we
take R&D spending as a metric of knowledge generation,
recognizing that there is a more complex relationship
between current and past R&D spending and knowl-
edge stocks. See Pardey, Alston, and Chan Kang, “Public
Agricultural R&D over the Past Half Century: An Emerging
New World Order,” Agricultural Economics.

79. Only the countries for which we have long-run R&D
data are included.

80. Beddow, Pardey, and Bittinger, “Agricultural R&D
Spillovers and Global Stocks of Scientific Knowledge,”
(2013, in process)

81. This is by no means a new idea, although we now
have new ways of conceiving, measuring, and manag-
ing prospective international technology transfers. For a
brief description of the various pan-territorial research
agencies formed during the colonial era throughout
Sub-Saharan Africa, see, for example, Philip G. Pardey,
Johannes Roseboom, and Jock R. Anderson, “Regional
Perspectives on National Agricultural Research,” in
Agricultural Research Policy: International Quantitative
Perspectives, ed. Philip G Pardey, Johannes Roseboom,
and J.R. Anderson (Cambridge: Cambridge University
Press, 1991): 217-221. As but one example, the East
African Agricultural and Forestry Research Organization
(EAFRO), a regional (cross-country) research agency
formed and largely funded by the British government,
accounted for about one-fifth of the total number of
agricultural researchers working in Kenya, Tanzania, and
Uganda around the time these countries gained political
independence.

82. This calculation entailed the estimation of 23,562
bilateral, country-to-country measures of agrotechno-
logical distances. See Beddow, Pardey, and Bittinger,
“Agricultural R&D Spillovers and Global Stocks of Scientific
Knowledge” (2013), in process, for details.

83. Just five countries (China, India, the United States,
Indonesia, and Nigeria) accounted for about one-half of
the entire world’s agricultural output.

84. Countries with very small agricultural knowledge
stocks or with insufficient data to estimate knowledge
stocks are not shown in figure 19.

85. Julian M. Alston and Philip G. Pardey, “The
Economics of Agricultural R&D Policy,” in Paying for
Agricultural Productivity, ed. Julian M. Alston, Philip
G. Pardey, and Vincent H. Smith (Baltimore: The Johns
Hopkins University Press, 1999).

86. Beddow, Pardey and Bittinger, “Agricultural R&D
Spillovers and Global Stocks of Scientific Knowledge.”
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