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The CGIAR at a Crossroads: Assessing therole of international
agricultural research in poverty alleviation from an innovation systems
per spective'

Javier Ekboir

Abstract

Globalization, technical change and migration dr@nging the dynamics of poverty and food
production. These factors, combined with a bettatenstanding of the nature of complex
processes, are also changing the nature of saterggfearch, the roles researchers can play in
poverty alleviation and the niches in which the BRlcan operate. While keeping strong
breeding and research programs, the CGIAR showdtdencreasing resources to better
characterize the dynamics of poverty, redefinendsvorks it will use to promote the use of
scientific information to foster innovation, linkodal innovators and researchers with
international scientific networks, and help to Huihnovative capabilities in developing
countries. These capabilities should refer not ealgcientific research but also to new ways
to support innovation and to design and implementepy-alleviation programs. Finally,
CGIAR researchers should adopt new research mettwdetter integrate into local and
international innovation networks.

1. Introduction

The role of agriculture in development and povettgviation, including that of agricultural
research, has been reevaluated in recent yeardd\Bank 2007). The discussion, however,
has not yet fully addressed how globalization, atign and new technologies have changed
the dynamics of poverty and the organization ofrsoe, and what role formal research should
play in the new juncture. This is particularly trioe the Consultative Group on International
Agricultural Research (CGIAR) as exemplified by recent external evaluation (CGIAR
Independent Review Panel 2008) and the reform magdhe Change Steering Team 2008).
This paper seeks to contribute to the debate orfCBEAR’s future role by analyzing some
key issues that have not been properly addressetieinreform process, especially the
potential of international public goods as develepirtools and the roles CGIAR centers can
play in fostering innovation.

Poverty alleviation has two benchmarks: achievimgpfsecurity and affording a healthy life.
In the past, greater productivity of food cropsuitsg from input-intensive technologies was
seen as the main tool to achieve both goals. Bhmilonger the case. An increasing share of
rural households derive most of their income froifafarm sources (World Bank 2007); for
them food security depends more on access to labokets and the price of staples than on
their own food production. On the other hand, higyields can eliminate poverty for those
subsistence farmers who can become commercial faomly a small share of rural
households, though, seems capable of making thsitien (see section 2).

The substantial reduction in poverty observed i fdist two decades resulted from rapid
growth enabled by integration into globalized m#skand from remittances from migrants
and not from the expansion of staples in small &aifworld Bank 2005; IFAD 2008).

Commercial agriculture played an important rolghis process. Its expansion resulted from

11 would like to thank Jamie Watts, Andy Hall anéiMn Pifieiro for invaluable comments on earliersi@ns
of this paper. The usual caveats apply.
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the use of marketing and production technologiesegded mostly by private firms and
sometimes by NGOs. International and public regeamstitutions contributed little to the
process (Ekboir et al. 2009). As the limited cdnition of public research to agricultural
development became evident, donors started to iQueghe effectiveness of their
contributions to agricultural research, includinge tCGIAR and developing countries’
research institutions (Byerlee, Alex and Echevezfi@?).

The innovation systems framework has enabled &ibettderstanding of the links between
formal research and innovation and has shown thiliions of the linear vision of science
which provided the model for the CGIAR; the framekvdas also helped to identify new
instruments to foster economic and social develagmévany countries, especially in

Europe, and several donors have explicitly embraéioednnovation systems framework as the
cornerstone of their activities.

For several reasons, however, the CGIAR has nat beecessful enough in adapting to the
new environment (CGIAR Independent Review Panel820First, in contrast to what
happened fifty years ago, there is no clear mofl@Vtat role modern technologies should
play in development, in particular, because theeena clear recipes for development (Rodrik
2006). Second, it has been accepted that the dgimamics of agriculture and poverty have
changed (see section 2), and it is not clear wblat public research should now play in
poverty alleviation given the larger range of astparticipating in development and the
increased variety of opportunities poor rural hiwsd#s have. Third, because the CGIAR is
composed of a large number of actors, each witthérisown agenda, it has been difficult to
agree on and implement substantial changes intarsywith diffuse governance mechanisms
(CGIAR Independent Review Panel 2008). Fourth, @i&dAR was justified as a source of
international public goods. When the linear modet@ence was shown to be incorrect, the
idea of scientific public goods as a source of eonn growth was also questioned (see
section 3.3).

The remainder of this paper is organized as folldection 2 reviews the new dynamics of
agriculture and poverty, especially the impactsgtabalization, high value markets and
remittances. Section 3 examines some recent advamdke literature of innovation systems
and complexity theories, while section 4 presentstydized picture of recent changes in
research systems. Section 5 discusses the CGIAIR’snt role; section 6 presents some ideas
on how to adapt the system to the needs of tweargy dentury agriculture; and section 7
concludes.

2. The new dynamics of agriculture and rural poverty

Globalization, technical change and migration hawbstantially transformed the joint
dynamics of agriculture and poverty in developimgirtries, making some key assumptions
that justified the creation of the CGIAR no longaetid.

Prior to the 1980s, poverty was closely linkedgdaulture. Since most countries were in the
initial stages of urbanization and travel was difft, farming families worked mostly in rural
areas and derived most of their income and foodh fegriculture. It was only natural to
expect that poverty alleviation and growth in agitiere-based countries would come from
increased productivity in staples and a few expooducts (see, for example, World Bank
2007). Agricultural development programs were bagedhe assumption that productivity

2 According to the linear vision of science, knovgedstarts with basic research; its results are hgetrategic
and applied research, and end with developmenteafchology transfer. It has been shown that thidehonly
represents a limited range of research areas, iaipéc chemistry, biotechnology and pharmacology.
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jumps could only come from “modern” technologiessidned by scientists and “transferred”
by extension agents (World Bank 2006). Becauseffinmnt access by farmers to technical
information was seen as the greatest limitatioagocultural growth, important investments
were made in research and extension services @yeAlex and Echeverria 2002). The
success of the Green Revolution in South Asia was sis confirmation of this model. It was
not recognized until recently that the impactshaf Green Revolution could not be attributed
only to science but to a package that included majgestments in infrastructure and
subsidized inputs and outputs (CGIAR IndependenteéRePanel 2008).

After the crisis of the 1980s, most developing d¢dea implemented structural adjustment
programs, which included market liberalization, dewing the public sector and opening
new activities to the private sector (Staatz anché&i 1998). Domestic and international
markets became more integrated, diversified andhisbpated, which opened new
opportunities and created new challenges for fasnredeveloping countries (Hellin, Lundy
and Meijer 2009). Helped by the new institutionavieonment, multilateral trade agreements
and novel technologies, commercial agriculture enedoping countries grew rapidly (World

Bank 2007). Additionally, private firms, NGOs andvic society organizations became
important actors in development processes, congetiith traditional public extension

agencies.

Technical change in production, post-harvest, partation and marketing enabled the
expansion of agricultural markets and the emergeoicéhigh value agriculture. Most
technologies for high-value products were impoead adapted to local conditions by private
firms or NGOs (Reardon 2005). Multinational comasnsold worldwide the products they
developed in their central laboratories, allowirggnenercial farmers in developing countries
to access the latest inputs. The public research etension institutes from developing
countries, in general, did not participate in tixpansion of the most dynamic markets, but
some researchers participated as individuals (Ekdial. 2009). Although the public research
institutes and CGIAR centers continued to work tyost their traditional lines of research,
some opened programs in high-value products. MaGyAR researchers participated in
international networks that developed importanthtedogical packages for traditional
products (see, for example, Ekboir 2002 and Gabaeivh and Haggblade 2004). In other
cases, they were instrumental in the developmentabie markets (e.g., Papa Andina). Their
contribution to poverty alleviation, however, seetmshave been limited because few small
farmers have been able to escape poverty prodeeireals (Bourguignon 2006), or because
niche markets by nature cannot be massive. In itasgs been found that only a very small
share of small farmers have been able to benefihenlong run from access to high value
markets (Hellin, Lundy and Meijer 2009). The lindtparticipation of the CGIAR and public
research institutions in the most dynamic agricaltunarkets led many stakeholders to
question their role in poverty alleviation.

Local markets for traditional agricultural produeso became integrated into international
markets (Hellin, Lundy and Meijer 2009). Small famm suddenly had to face foreign
competition, even if they continued doing what thegd been doing for generations.
Profitability of traditional products fell, espetijafor small farmers who did not introduce
more intensive technologies. Contrary to what wgseeted, many small farmers continued
producing traditional products despite strong caiitipa from imports. The most accepted
explanation for this phenomenon is that poor rtaatilies derive only a small percentage of
their income from agriculture, with off-farm emplognt and remittances being the main
sources of earnings (World Bank 2007; Taylor, Dyed Yunez-Naude 2005). These families
still live in the land, but farm only to secure ith&upply of staples or to produce products that
cannot be easily bought and are needed for traditimods. Thus, the price elasticity of their
supply is very low. Higher productivity is still jportant for the poorest of the poor who have
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limited insertion in labor markets. For these hdwdgs, higher yields reduce food insecurity
but it is highly unlikely that they will lift thenout of poverty (Bourguignon 2006).

Local and distant labor markets also became madegiated. Easier travel and improved
financial services meant that people from ruradareould work in distant locations and send
remittances back home. In fact, domestic and iatéynal migration is becoming the
cornerstone of the livelihood strategies of mamalrbouseholds (Vargas-Lundius 2004). It is
estimated that in 2006, 150 million internationagrants sent home US$300 billion (IFAD
2008). It has been consistently found that mostittantes are invested in education and
health (i.e., in human capital that can be usedffifiarm employment), housing and only a
small proportion in expanding agricultural prodoat{World Bank 2007; Lopez-Cordova and
Olmedo 2006; Barret, Reardon and Webb 2001; Davel.e2000). The reasons for these
investment preferences are poorly understood lmyt #ine an indication of the limitations of
traditional development policies (including agricuél research and extension) aimed at
increasing the agricultural output of most pooafimouseholds.

3. The nature of innovation processes

Innovation depends on the interaction of motivataond ability (Christensen, Anthony and
Roth 2004). Globalization, technical change andebétfrastructure motivate when they link
rural agents (including farmers) to markets. Butatke advantage of these opportunities, the
agents have to develop appropriate capabilitiess $éction reviews the complex nature of
innovation and innovative capabilities.

3.1. Whatis acomplex process?

Complex processes are characterized by multiple @rahging interactions (Crutchfield
2003). The most relevant complex systems for tladyars of the CGIAR are formed by many
different independent decision-makers (for examptenagers, employees, clients and
suppliers), multiple interactions, many feedbackchamisms and random processes. Such
systems are known as complex adaptive systems (G&8)derson and Holling 2002).

Because of its decentralized nature, no single tacgam manipulate a CAS or predict how it
will evolve in the medium or long term. Even motiee same results can be obtained with
different interventions or the same interventioas bave very different outcomes; therefore,
new approaches are needed for planning and polakiag’. There are several methods to do
this and discussing them exceeds the scope ofpduer (for a detailed discussion see
Crutchfield 2003; Gunderson and Holling 2002 anceltod and Cohen 1999). One way to
influence a CAS is to operate on the dynamics afludion, especially on variation and
selection. For example, a plant breeder knows Hagacteristics of the parents available to
her and selects those she hopes will pass somedésiit to their progeny (e.g. resistance to
a given disease). In the early stages of developgingw variety, the breeder usually makes
thousands of crosses that do not occur naturallpther words, the breeder increases variety
by making crosses she hopes will raise the proibalif obtaining the desired result (as
opposed to the totally random natural crosses)h \itificial selection, the breeder overrides
the natural process of selection via reproductitfeciency by selecting the progeny that
displays the desired properties without taking iammrount their reproductive efficiency.
Similar mechanisms are being successfully usedei@ldp complex computer programs,

% In fact, predictability of CAS changes over tinechuse of evolving interactions between fast aot sl
variables (Holling, Gunderson and Ludwig 2002).
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synthesize new chemical and medical compounds amdl@ap and implement management
strategies for large ecosystems.

The example illustrates a key characteristic ofratpeg on a CAS: contrary to what an
engineer (or a researcher working with traditiomedthods) would do, the “solutions” to
“problems” are obtained through a process of de@csearch without designing them
intentionally. On the other hand, scientists whe @s rational design approach start by
building a detailed model of the problem, and tliesign a structure that can serve as a
solution. The relative efficiency of each methogeeds on the complexity and stability of
the processes upon which it operates and how nsukhawn about it. If little is known, if it
changes rapidly or is complex, rational design assl effective because it limits the
exploration of the solution space and bets thatett@ored solution is the most effective. In
these cases, the effectiveness of the rationafjaegproach depends more on luck than the
management of variety and selection approach. $t eeen demonstrated that the latter
converges on an optimum at least as quickly asatienal design method (Crutchfield 2003).

3.2. What is known about innovation?

We define an innovation as anything new successinltoduced into an economic or social
process. Major innovations combine a business madela technological package (Davila,
Epstein and Shelton 2006). Innovations that doimdtide both components result in minor
improvements along an established technologicgdiary.

A consequence of our definition is that research#éos not generate innovations but
information, either codified (e.g., a paper or Ipiiiet), embedded (e.g., an improved seed) or
tacit (e.g., why an experiment failed). This infation only becomes an innovation when an
agent (e.g., private firms or individual farmersdes it to improve what s/he is doing.
Innovators use different sources of information;smof it, however, does not originate in
science but in everyday activities and in inteaeti with other actors (Faberger 2005). This
does not mean that formal research plays no rolénmovation; while it may not be
quantitatively a dominant factor, it is qualitafiveessential because it opens new
technological trajectories.

Innovative capabilities depend on the innovatobsaaptive capabilities, i.e., on their ability
to use information (Cohen and Levinthal 1990). Ragiloption of new technologies is not
necessarily associated with large expenditures esearch and extension, but with the
development of absorptive capabilities (Ekboir le2809). For this reason, the dynamics of
innovation does not depend on the agents at thefrémt of research and technology
development, but on the innovative capabilitieshef majority of agents. In other words, it is
more important to have many agents searching fduaing existing information than to have
a few sophisticated research institutes in a ssaiigety.

Because of the exploding volume of information atheé increasing complexity of
innovations, no agent commands all the resourcedatkto innovate; therefore, innovators
integrate into networks (Powell and Grodal 2005)e Tdynamics of innovation networks
depend on their complexity and maturity. For simpiaovations or mature markets, the
networks are loose and members interact mostly dtyynor through markets because each
actor understands the needs of other actors. Tietseorks have been the model for most
agricultural programs, including the CGIAR. On tbther hand, in the case of new or
complex innovations, members interact often andrinflly to overcome unforeseen
obstacles and to build confidence. The need fense interactions arises because generalized
uncertainty about the new technologies and theirkaetapotential prevents effective
contracting (Christensen, Anthony and Roth 2004).
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The effectiveness of innovation networks dependsheir ability to facilitate the search for

and exchange of information and resources. Teclyidhis is known as the network’s

navigability. Navigability depends on the existedécentral” actors (e.g., highly connected
actors) interacting among them, which, in turn amirdifferent clusters of network members.
It has been shown that a few central actors caatlgrencrease the network’s navigability
(Watts 1999).

The emergence and consolidation of innovation netsvdepends on a number of factors,
among which a catalyzing agent is one of the mgiortant (Ekboir 2002). This agent
induces other partners to invest time and resouirtegbe network. Once the network is
consolidated, the importance of the catalyzing &geiminishes, because other actors are
more willing to participate when the benefits ofrtapation become clearer, and the
interaction rules are known to all partners. THe f the catalyzing agent is different from
that of linking agents. The catalyzing agent féa@iés the emergence of the network while the
linking agent increases the connectivity, even ature networks. While the catalyzing agent
is essential in the early life of a network, theking agents are important through the whole
process.

3.3. The nature of organizational innovative capabilities

Organizational capabilities are important becausera usually innovate by interacting in
formal or informal networks. These capabilities mainbe bought or easily copied; thus, they
have to be built with sustained investments, silecbf appropriate specialists and project
leaders, and strong commitment by the partnersigt@msen, Anthony and Roth 2004).
Organizational capabilities are embedded in indigld and in the organization’s technology,
structure, strategies, routines, culture and coetthn procedures (Argote and Darr 2000).
Even though innovative organizations must haveastla few innovative individuals, this is
not required for the vast majority of its membessat is required is that the organizations
create an environment in which innovative individuzan express their abilities and
influence other members (Christensen, Anthony awith R004).

Organizations depend on their innovative capaéditito respond to changes in the
technological, economic and social environmentsiovative capabilities are built by

learning, i.e., by creating knowledge. The spengli literature differentiates between
information and knowledge (Quantas 2002). Inforpratis organized data (e.g., published
materials, blueprints or physical objects), whileowledge is the use of the information to
create unique interpretations of reality. Becausg&sopersonal nature, two actors can learn
different things from the same information, or teame thing from different types of

information. Knowledge is very difficult to sharénile information can be disseminated quite
easily.

Because the information stock is complex, divesdegrt-lived and fast-growing, learning

requires strong capabilities to search for useffbrmation and to digest it to create
knowledge (Ekboir et al. 2009). These absorptivpabdities depend on exogenous and
endogenous factors. Economic stability, developm#ém nature of competition and the
interactions between firms and research instittes important exogenous factors; the
endogenous factors include organizational culturesgsstments made in the search for and
adaptation of information, quality of the personaeti mechanisms to socialize knowledge.

The understanding of organizational innovative bdjees has major consequences for the
nature and role of the CGIAR. One of the majorifigsttions for its existence has been the
generation of international public goods (Alstorehner and Pardey 2006; CGIAR 2008 and
2006). The public goods generated by the CGIARerhnical information, either embodied
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(e.g., seeds), or disembodied (e.g., publicatiom$ agronomic recommendatiohsPure
public goods do not require any special effort kitl ©n the side of the receiver of the
services of the goods (Faberger 2005). But to esknical information, innovators have to
invest substantial resources to develop absorptiapabilities. In other words, while
information may be free, its use is not; spilloverdy occur when agents have invested in
their absorptive capabilities.

4. Changes in the organization of science

Globalization, new regulations and advanced tedgiet are redefining the international
research environment. Increasing interdependendeeba knowledge-based economies
implies an ever-expanding international flow oftteclogy, scientific knowledge and know-
how. The better understanding of complex systent the development of methods to
operate on them are also changing the organizafiatience in four ways. First, the linear
vision of science highlighted the preeminence ebtietical research over applied work. The
examples presented in section 3.1 show that in fauth approaches are complementary.
Even more, overreliance on theoretical work in aS3xan actually be a hindrance, because it
constrains the exploration of new research appesaahd potential solutions.

Second, research systems must be flexible to teacew problems and opportunities. But
individual institutions cannot react fast enoughkéuese of inertias (Christensen, Anthony and
Roth 2004). Flexibility can only be achieved withoegh variation in the system. In other
words, it is necessary to have a system with maygdgnstitutions that can form multi-
institutional teams to solve emerging problems;fant, this has been one of the major
strengths of the American research system (Kra&t@@6), and one of the major problems
the CGIAR faces (see section 5). Third, effectesearch systems resulted when researchers
interacted closely with innovative agents (Fabe2f#5), but the CGIAR has had problems
developing stable partnerships with others, beytbnde with National Agricultural Research
Institutes (NARIS).

Fourth, formal research has traditionally been cetetl by stable teams within an institution
and discipline; Gibbons et al. (1994) called thigamization the mode 1 of research. This
mode describes the CGIAR in its early days, exteat instead of just one institution, the
centers coordinated breeding networks. In modeedams are multidisciplinary, multi-
institutional (often involving researchers from tpeblic and private sectors and other
stakeholders), increasingly distributed in distlaations and relatively ephemeral, as they
are formed to respond to specific issues. Actiaeaech is an example of mode 2 research in
which farmers and other actors actively participatthe organization and implementation of
projects.

The flexible organization that results from modall@ws innovators and research institutions
to react rapidly to emerging technological needsgportunities. It must be stressed that the
main difference between modes 1 and 2 of researcioti what is researched but how it is
done. How to switch to mode 2 is the most impdrtduallenge the CGIAR faces today.

* A seed is not a public good since it is rival axdludable. The fact that CGIAR centers distritsgteds for
free does not change their private good nature.plidic good is the knowledge of how to combinespis to
develop a particular seed. International germplaanks are also private goods. Although these bseke the
whole of humanity, they can in principle refusegtee seeds to a particular agent and, since thefusseed
precludes others from using exactly that same gheg,are rival.
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5. Areview of the CGIAR

The original design of the CGIAR reflected the ssscof the Green Revolution, the fact that
most of the poor lived off of agriculture (see gmtt2), agricultural technology polices
revolving around NARIs and a linear vision of s@enln its early years, the CGIAR had a
very clear and narrow goal: to stave off hungerinmyeasing the productivity of staples in
small farms (Alston, Dehmer and Pardey 2006). Thtugave highest priority to breeding
improved varieties of cereals. In the 1970s, alwd-thirds of CGIAR resources were
allocated to research on rice, wheat and maizeh Biigprity was later given to improving the
quality of diets through research on food legumas minant livestock (Anderson 1998).
The initial success of the CGIAR resulted from tbellective effort of high quality
researchers working on a narrowly focused probleen, (plant breeding) and policymakers
providing the economic incentives to induce adopt(€GIAR 2008). In this sense, the
CGIAR in its early days repeated the formula thatdm the US research system highly
effective (Kraemer 2006) and was similar to otharccessful programs, such as
SEMATECH..

Following the linear vision, the first CGIAR cergewere the central nodes of breeding
networks that also included the NARIs selectingallycadapted varieties, extension services
taking the seeds to the farmers and sometimesypwolakers providing economic incentives

to induce adoption. In 1971 the donors and cemepsinded their activities under six broad
program thrusts: research to increase productofifipod production; management of natural
resources; assisting countries in designing andeimenting food, agricultural and research
policies; capacity building by training and strémgting national agricultural research

systems (NARS); germplasm conservation by collgaind classifying genetic resources and
maintaining genebanks and other means of conservaéind building linkages between

NARIs and other components of the internationaicadfural research system (Anderson
1998).

The new activities were added with little considiera for what these changes meant for the
type of science the CGIAR should conduct or howhibuld be carried out. Several factors
reduced the effectiveness of the expanded manéast, in contrast with the initial focused
mission, the new objectives were more diffused spréad the resources over more activities.
Second, breeding is essentially different from aesie in other agricultural fields. Breeding
relied on international networks that facilitatectleanges of germplasm; in other words, they
increased diversity combined with an effective stéd® mechanism. The other activities did
not form similar global networks and worked withsmaller set of partners because their
research was more location-specific, and no agreeramerged on what were the best
methods to study those topics. Additionally, whitee CGIAR centers could find good
partners for breeding in some NARIs, it was moréiadilt to find them in other research
areas. Finally, it was not clear what advantagerivational researchers had in more location-
specific research (CGIAR 2006).

Third, in the 1980s research policies in developaahtries underwent a major transformation
which included a shift from “blind” funding of resech institutions to project funding where

policymakers set more specific targets; in otherdsppolicymakers reduced their support for
academic (i.e., curiosity-oriented) research adeimsed it for research oriented to social and
economic needs (Lepori et al. 2007). This change aceompanied by a demand for research
institutions to show the impacts of their actidtieas evidenced by the discussions that
followed the 1993 US Government Performance andul®e#ct (Kraemer 2006). The

® SEMATECH is the world's catalyst for acceleratthg commercialization of technology innovation®int
manufacturing solutions (Sourdgtp://www.sematech.org/corporate/index.htm
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CGIAR also followed this path, and, in the mid-199%egan to transform itself into an
output- and impact driven system (Kassam 2006). ARGfunders as well followed these
trends, which increased the center’s transactistscbampered long terms research programs
(CGIAR Independent Review Panel 2008) and forcesl ¢knters to commit important
resources to demonstrate their impact (Bellon eR@D6); the new approach resulted in a
number of impact studies (see, for example Byeate® Moya 1993 and Evenson and Gollin
2001).

In the 1980s and 1990s, the conceptual model @&fareb systems in developing countries
underwent major changes. The concept of the NARIs replaced by the NARS, which also
included universities and other agricultural reskanstitutions; in the 1990s the NARS was
replaced by the Agricultural Knowledge and Inforimat System (AKIS) which included
research, education and extension (Byerlee, AlekEgheverria 2002). While these models
still reflected the linear vision of science, th&ywed that the CGIAR had to develop new
interactions with a more diverse set of partnenyrof which had weak research capabilities
(see, for example, Spielman et al. 2008). In pekaprivate firms and NGOs started to
develop commercial agriculture, usually importieghnical and scientific information. In the
2000s, the concept of the Agricultural Innovatiorst8m began to gain acceptance; the main
consequence of this transition was that publicareteers in national or international centers
were no longer seen as the central actors of dfymal growth, but just another source of
information or a potential partner in innovatioriwerks.

Several stakeholders criticized the NARS for thaok of participation in the emergence of
high-value markets and the failure of modern sedgradicate poverty. This led to a
substantial downsizing or closure of public reskamd extension institutions (Byerlee, Alex
and Echeverria 2002). The CGIAR centers foundttiey could no longer rely exclusively on
weakened traditional partners, and started to waitk private firms and NGOs.

In these years, the CGIAR’s mandate expanded ewvere.nThe new activities included
managing research networks to facilitate reseaecfopned by others, some in conjunction
with CGIAR centers (Plucknett, Smith, and Ozged®Q); rehabilitating seed stocks in
nature- or war-ravaged countries; promoting no-tifidd developing niche markets. Because
the expanded mandate had to be met with reducegelsjcbreeding programs were further
scaled back (Alston, Dehmer and Pardey 2006). Kparesion in the number and types of
potential partners the centers could work with madest of their networks even more
diffused and required developing new types of cdgias and interactions. Some of these
activities have been branded “development les<tiireelated to research” (Alston Dehmer
and Pardey 2006, pp. 324). It should be noted,ghothat this statement reflects a mode 1
vision; if properly conducted, these activities kbinvolve new approaches to mode 2
research (for example, action-research or manipulatf variation and selection as explained
in section 3.1).

After realizing the potential of high value agricuk in poverty alleviation, several centers
started to work on diversification and developmehniche markets to the point that high
value agriculture became one of the CGIAR’s presit(CGIAR 2005). This type of work,
however, differs greatly from that done on staled livestock. Because high value markets
are more complex, newer and fast changing, devedopuof the business model is, at least, as
important as the agronomic package (Reardon 20UBg&n their mandate committed them to
work in low value products (e.g., maize or riceyme centers explored the use of their crops
as inputs in the production of high value produBist the CGIAR centers did not have the
expertise to develop agricultural value chains@rrdsearch these topics (Science Council
Secretariat 2007). Over time, a few centers (€tP, and CIAT) developed some of these
capabilities, but, then, they became more simidaNGOs and increasingly different from
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traditional research centers. This does not meainttiese activities should not be done, but it
is not clear what advantage the CGIAR has in thes aelative to specialized NGOs (e.q.,
Technoserd or universities with strong international progsarsuch as Michigan State
University or Wageningen.

The main challenge agricultural research in the ARGhow faces is that the networks it

formed in the past are no longer viable becausda MARKIs have weakened, and the new
partnerships that need to be created require nedelm®f science, new partners and new
patterns of interaction. However, because of thapexity of innovation processes and the
rapid changes science is going through, there arelear recipes for how to build these

partnerships. Complexity theories and the innovatieystems framework can provide

guidance on how to approach the problem (see below)

Social science (including economics) has alwayyeguaa subordinate role in the system.
Initially, these programs were created to studyftiutors that determined farmers’ adoption
of improved varieties (Cernea 2006). When fundiegliied in the late 1980s, the priority
shifted to measuring the centers’ impact to justtigir work to the donors (Bellon et al.
2006). In recent years, several centers have dtgtegrams to analyze the nature of
agricultural innovations, but these efforts argpeised and have not reached a critical mass
(e.g., CIP, IFPRI and ILRI). In addition, learnihgw to promote innovation among small
farmers requires new research routines (Ekboit. 2099), and few centers have developed
expertise in them.

The CGIAR’s two specialized social sciences cen{8lIAR and IFPRI) require special
consideration. ISNAR was mandated with helping NARSthe vision of the role of NARS
in development changed, ISNAR found it difficultdefine a niche that was also acceptable
to donors and important stakeholders (Ozgediz amdNéil 2006). Recognizing the new
environment, ISNAR started to explore the concéphmovation systems; this new direction,
however, was strongly criticized by the CGIAR Teiclah Advisory Committee and the
External Program and Management Review, and canédbto its closure as an independent
centre (ISNAR 2002)

This criticism, however, reflected the linear visiof science, and a lack of understanding of
the emerging needs of innovation networks in deyalp countries. Although NARS
weakened, the importance of other actors in thevation system increased (see sections 2
and 3). These actors, including the internatiomaiters and the CGIAR itself, also needed
support to strengthen their capabilities to managevation processes and to develop
instruments appropriate for the new economic armiab@nvironment. Most organizations,
however, have great difficulties in developing neapabilities on their own (Christensen and
Raynor 2003; Smit 2007). To overcome these hurdhesspecialized literature recommends
creating bridging structures that help organizatibnd useful information, mediate between
researchers and other areas of the network andifidemternal and external barriers to
innovation (Davila, Epstein and Shelton 2006). ISNwas starting to work along these lines
when it was transformed into an IFPRI program.

IFPRI was created to research food policies andigegpolicy advice. From its beginnings, it
developed a culture that valued publications inokatty journals above more applied work
and interactions with policymakers in developingimvies. Because many studies contained
policy lessons applicable to several countriesy theere branded as international public

® TechnoServe helps entrepreneurial men and wompadnareas of the developing world to build busires
that create income, opportunity and economic grdaethheir families, their communities and theiuodries.
(Sourcehttp://www.technoserve.ofg

" It must be also recognized that serious manageptebtems contributed to ISNAR's closure (ISNAR 200
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goods, but they are no different from many papewublished by other international
organizations, think tanks or universities. For trafsits life, IFPRI established weak links
with other CGIAR centers and policymakers in dep&lg countries and could have been a
department in a good university. While in recenargelFPRI has introduced new programs
with input from social sciences other than econamiiee center still has an academic culture
in accordance with the linear vision of sciences (section 4).

Additionally, IFPRI's culture resulted in a narrogxploration of policy alternatives and
overreliance on a restricted theoretical body ,(iessentially microeconomic theory and
guantitative methods). For example, its researdicypcecommendations have not evolved in
the last twenty years (see, for example, Alstorhrber and Pardey 2006), and are based on
the linear vision of science and mechanistic modelg., DREAM). In other cases, the
policy recommendations are based on uncorroboedmptions. For example, Ruben and
Pender (2004) assert the existence of diminishieyirns to investments in research.
Diminishing returns are assumed in static microeatin models in order to derive an
analytical solution. In dynamic, complex modelswkeer, there is no reason to assume
diminishing returns. Because the interaction betwgesitive and negative feedback loops is
continuous and changing, returns can alternatibelyincreasing and decreasing (Holling,
Gunderson and Ludwig 2002).

In 2003 the CGIAR launched its first Challenge pewmg, a new approach to building

partnerships. Challenge programs provided a flexibmechanism to structure

multidisciplinary, inter-institutional teams to adds specific issues. If properly managed,
they could have been the basis for conducting nfdesearch. Two reviews by the Science
Council and the CGIAR Secretariat (Science Cour2€07 and 2004) and the recent
independent review (CGIAR 2008), however, indictitat the CGIAR still evaluates the

Challenge Programs from a linear perspective.

In 2004 the Science Council was given more poweowuersee the work of the centers,
especially, setting the system’s priorities (CGIRB05). In the following years it tried to
align the centers’ activities with these prioritiehe urgency to align the centers and
Challenge programs was reiterated in the systemadisgendent review (CGIAR Independent
Review Panel 2008). A similar strict alignment abbhve serious consequences in the future
CGIAR. As was explained in section 3.1, complexcpsses are difficult to understand and
predict. Therefore, instead of setting clearly dedi strategies and priorities, actors operating
in such environments should use learning strategieentify emerging trends and to explore
alternative solutions. Fifteen independent but domted centers can be a very effective
structure to implement a strategy of decentralizggerimentation with centralized learning.
In fact, some centers have already implementedveitng projects in response to identified
opportunities (for example, CIMMYT’s work on nof}jlwhat the system lacks is an effective
and flexible structure to learn from these projects

An additional problem is that the model of resedsehind the priorities set by the Science
Council still reflected a linear vision of scien@ee Science Council 2005) and seem to have
been an important input in the definition of potahtesearch areas for the redesigned
CGIAR. Forcing the centers to revert to such a rmedsild isolate them even more from
innovation networks and hamper innovation. This bpgm is compounded by the
performance measurement system which evaluatescéheers by their achievement of
predetermined goals (Science Council Secretari@Rd he literature on contracts (MacLeod
2007) and innovation management (Davila, Epsteid 8helton 2006) have shown that

8 DREAM, or Dynamic Research Evaluation for Managetnis a tool for evaluating the effects of agriatl
R&D (Source:http://www.ifpri.org/dream.htm
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predetermined goals and incentives induce actorsnigage in minor innovations along
known technological paths. To foster the develogn@nmajor innovations, the optimal
policy is a system that rewards past performansedyan a clear understanding of the drivers
of innovation (MacLeod 2007).

6. Assessing the CGIAR reform process from an innovation
systems perspective

The reform process currently under implementat®iased on the assumption that public
goods can make a positive contribution to poveltgvetion and the sustainable use of
natural resources. The public good the CGIAR preduis scientific information, either
embedded in seeds or disembodied as papers anthmeswlations This information,
however, is useful only if poor farmers have theatalities to find it and absorb it (see
section 3). For this to happen, two conditions aeeded. First, poor farmers have to be
willing to become commercial farmers and they hi@vbe capable of doing it. As was shown
in section 2, however, there are clear indicatibas many poor rural households prefer not to
become commercial farmers. Therefore, the CGIARukhalearly define what its poverty
alleviation goals are: helping the poorest of therpo increase food security, assisting poor
farmers who have the potential to become commerffaahers, supporting commercial
farmers so that they create employment and incrieaskavailability or all of them. Once the
target population is identified, appropriate apptess to reach it must be developed. Given
the complexity of poverty alleviation, however, clear recipes to do this will ever exist and
appropriate learning mechanisms should be creatsdt{elow).

The second condition is that researchers addresgefa’ needs or technical opportunities
with methods that facilitate absorption. A cruaamponent of these methods should be that
both farmers and researchers participate in inmmvanetworks that foster information
sharing, so that researchers can understand tmerfgiroperating conditions and the farmers
can access scientific information. Meeting these teonditions requires less consideration to
what is researched and more to how the reseambbnis, especially, how researchers interact
with stakeholders.

The reform proposal is based on two key principllesut how research should be conducted:
consolidation of research activities in a few paygs and defining accountabilities through
program performance contracts. The effectiveneshasfie changes will depend on how they
are implemented. As was explained in section 3, ptexprocesses are characterized by
unforeseen outcomes and constantly evolving interas; even more, because causalities are
non-linear, it is difficult to attribute outcomes particular interventions. Contracting in such
contexts is extremely difficult because there is alear link between performance and
outcomes (MacLeod 2007; Sykuta and Parcel 2003gnEwore, operating in complex
environments requires evolutionary approaches &odgs learning mechanisms (Crutchfield
2003). In other words, for the contracts to be aife, they will have to be flexible and
reviewed often to allow exploration of alternatagproaches.

The CGIAR’s new structure does not include a meigmarfor institutional learning. The
Independent Science and Partnership Council (IS®@xpected to provide core scientific
advice related to system strategy, priorities asmtgsment of scientific quality and impacts of
CGIAR-led research but is not expected to interitinuously with the centers’ senior
management and researchers to assess new resegttadsy facilitate information sharing

° The CGIAR also conducts other activities thatrasepublic goods such as information portals, disepport
and training. Most documents, however, still justiie system as a source of international publaxgo
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and the implementation of pilot-projects. Even mdhe advice provided by the ISPC will
still have to be absorbed by the CGIAR, and fos ttii be successful the system should
develop absorptive capabilities.

It is unlikely that the system will be able to dege absorptive capabilities without a
sustained effort. To build these capabilities, $ipecialized literature recommends creating
dedicated, permanent structures for organizatite@hing with strong support from the top
management (Smit 2007; Davila, Epstein and Sh&@d6; Christensen, Roth and Anthony
2004). Recently, some donors (e.g., DFID and IDR®) centers started to explore programs
to develop innovation capabilities (e.g., the ioémter ILAC Initiative hosted by Bioversity),
but these efforts have been isolated and haveew®st bufficiently backed by the CGIAR and
centers’ authorities.

Institutional learning structures on their own amdikely to provide enough flexibility to
attain the systems’ goals. Individual institutigimcluding the CGIAR centers) usually cannot
change fast enough to address emergent issuest@isen, Roth and Anthony 2004), but a
diversified, multi-institutional system can (Kram2006). In other words, the CGIAR should
tap more into good researchers from a wide rangastitutions that manage programs that
may be outside the centers’ capabilities and nam@amdates. The key for such strategy is a
strong executive office that can recognize probleali®cate resources and identify actors
(including researchers) that can contribute esslessisets. Such strategy could be played by a
strong CGIAR Consortium Office that is not resewtto manage center performance
agreements.

Effective institutional learning strategies requappropriate planning that recognizes the
complexity of the system’s mandate and that mosblpms can be solved with different
interventions. Rigid priority setting would miss erging issues and reduce the exploration of
alternative solutions. Designing flexible plannistgyategies and incentive systems that can
deal with complexity, however, is beyond the scopthis paper; the interested reader should
consult Christensen, Anthony and Roth (2004) anelrdad and Cohen (1999).

The innovation systems framework can also helpdemtify other actions the international
centers could undertake in addition to mode 1 rebe@e., production of international public
goods). Given the increasing complexity of innomatand research processes, the centers
could become catalyzing and linking agents in glaf@tworks. Thanks to their global
connections, the centers can help to identify ssafaé experiences in many countries, link
innovators with sources of scientific and technidaflormation in distant locations (in
particular, advanced research institutions), us@omcesearch to help adapt foreign
experiences to local conditions and promote thergemee of global research networks. In
this way, the CGIAR would become a central node aofsystem of decentralized
experimentation with centralized learning. An exsngf such work was the development of
a no-till planter for small farmers involving actom Bolivia and India, process in which
CIMMYT played a key role (Ekboir 2002). These attids should not be evaluated with
traditional research indicators such as peer rexevpublications, but rather by their
contribution to the consolidation of networks aral huilding absorptive capabilities of
innovative agents. Social Network Analysis and regproaches to performance assessment
can be used to develop appropriate indicators {eeexample, Spitzer 2007).

The exploration should also include the expansibtraxitional breeding networks. Sixty
years ago, these networks were centered in the RGaAd included mainly public and some
private breeding programs, seed companies andseateservices. Today, the public actors in
developing countries have seriously weakened, mggthie CGIAR without its main partners.
While new partnerships are emerging (in particw#h small seed companies and NGOSs),
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the breeding programs should explore more actimelel arrangements to better support the
diffusion of improved seeds.

Finally, the role of social research in the CGIARSId be reevaluated. Many centers do not
have a critical mass of social scientists; evenemtite number of scientists has been falling
and they were never fully integrated into the centmore activities (Cerenea 2006). Social
scientists from all centers could strengthen tbellaborations to achieve critical mass for the
creation of a learning structure to explore new svimya) foster the emergence of innovation
networks that involve ARIs and developing countrieeams and identify the roles the
international centers should play in them, b) prtamastitutional change in their centers, c)
help the centers’ researchers from other disciplioeshift to mode 2 research; and d) given
the failure of traditional training programs to loulasting capabilities in the public sector,
build the capabilities of other actors in innovatisystems. A research program to better
understand the joint dynamics of agriculture, glaaéion and migration to redefine the
CGIAR's role in poverty alleviation should also éstablished.

7. Final remarks

The dynamics of development and poverty are rapiganging due to globalization,
migration and technical change. In the last twoades, many poor rural households have
diversified their livelihood strategies, seeking remooff-farm income and high value
agriculture over increased production of low vatmeducts. Most of the technologies used in
high value agriculture were developed by private$ and distributed by the private sector or
NGOs; public research and extension institutions Very limited participation in the most
dynamic markets. Additionally, several studies héoend that growth is the most effective
way to reduce poverty, which questions the stratgfgyupporting low value agriculture by
small farmers as a development instrument.

These facts are starting to change the perceptiothe effectiveness of traditional
development policies, including the role agricuduresearch should play in poverty
alleviation. In particular, the concept of innowatiis replacing the traditional research and
extension continuum. Innovations are developed bfwaorks that include private firms,
farmers, technical advisers and, in some casesamgsers; in fact, most innovations do not
originate in formal research but in economic origloprocesses. The networks’ ability to
innovate depends, among other factors, on theiorpbge capabilities, i.e., their ability to
search for and use existing information, whether gicientific, commercial or organizational.

The innovation systems framework questions thattoaal role assigned to the CGIAR, i.e.,
the production of international public goods. Théormation generated by the international
research centers can only be used by those abt@tréidve invested to build their absorptive
capabilities. In other words, while the informatiafree, its use is not. This observation
helps to explain the limited expansion of agricidtin poor households despite the fact that
many of them receive remittances from migrants.

The CGIAR defines itself not just as a technicat bather as a development research
institution (Cernea 2006). To fulfill this visiothe system will have to adapt to the new
socioeconomic environment, facilitating the inteéi@t between global research and local
innovation networks, and helping innovation netvgotlx access technical information and to
create it when it is lacking, in other words, sg@mening its role as a bridging agent. It will

also have to expand the centers’ flexibility, sattthey can explore new instruments to foster
innovation.



References

Alston, J.M., S. Dehmer and P.G. Pardey. 2006rrateonal Initiatives in Agricultural R&D:
The Changing Fortunes of the CGIAR. In Pardey, PJQAM. Alston, and R. R. Piggott, eds.
2006. Agricultural R&D in the developing world: Tdittle, too late? Washington, DC:
International Food Policy Research Institute.

Anderson, J., 1998, “Selected Policy Issues irriational Agricultural Research: On
Striving for International Public Goods in an EfdDmnor Fatigue”, World Development,
26(6):1149-1162.

Anderson, J. and Dalrymple, D.G., 1998, The Wordhig the Grants Program, and the
CGIAR, working paper, OED, World Bank.

Argote, L. and E. Darr. 2000. Repositories of Knedige in Franchise Organizations. In Dosi,
G., R.R. Nelson and S.G. Winter (eds.), The Naaume Dynamics of Organizational
Capabilities, New York: Oxford University Press.

Axelrod, R. and M.D. Cohen. 1999, Harnessing ComipgleOrganizational Implications of a
Scientific Frontier. NY: The Free Press.

Barret, C, T Reardon, and P Webb. 2001. Non farorire diversification and household
livelihood strategies in rural Africa: Concepts,aynics and Policy Implications. Gender and
inequality: Evidence from rural Ghana and UganasdPolicy 26: 315-331.

Bellon, M.R., M. Morris, J.M. Ekboir, E. Meng, H.eDGroote, G. and Sain. 2006.
“Humanizing” Technology Development: Social Sciefasearch in a Home of the Green
Revolution. In Cernea M. and A. Kassam (eds.), Reteng the Culture in Agriculture,
U.K.:Oxon. CABI.

Bourguignon, F. 2006. Scientific capacity, econograwth and agriculture: Implications for
the CGIAR. In France and the CGIAR: Delivering $¢iic Results for Agricultural
Development. Washington, D.C.: CGIAR Secretaridilieations.

Byerlee, D. And P. Moya. 1993. Impacts of Interoasil Wheat Breeding Research in the
Developing World, 1966-1990. Mexico, D.F.: CIMMYT.

Byerlee, D., G. Alex, and R.G. Echeverria. 2002 Bvolution of Public Research Systems
in Developing Countries: Facing New ChallengeByerlee, D. and R.G. Echeverria (eds.)
Agricultural Research Policy in an Era of Privatiaa, Wallinford, UK: CABI Publishing.

Cernea, M.M. 2006. Rights of Entrance and RightSitzenship. The Uphill Battle for
Social Research in CGIAR. In Cernea, M.M. and AXldssam (eds.), Researching the
Culture in Agri-Culture. Social Research for Intetional Development. Oxfordshire, U.K.:
CABI Publishing.

CGIAR Independent Review Panel. 2008. Bringing Togethe Best of Science and the Best
of Development. Independent Review of the CGIARt&ys Report to the Executive
Council. Washington, DC.

CGIAR Science Council. 2005. System Priorities@@&1AR Research 2005-2015. Science
Council Secretariat: Rome, Italy. (Reprint)

CGIAR Science Council. 2006. Positioning the CGl#Rhe Global Research for
Development Continuum. Rome, Italy: Science CouBetretariat.

Christensen, C.M. and M.E. Raynor. 2003. The Intm& Solution. Creating and Sustaining
Successful Growth. Cambridge, Mass.: Harvard Bssir8chool Press.



19

Christensen, C.M., S.D. Anthony and E.A. Roth. 208&eing What's Next. Using the
Theories of Innovation to Predict Industry Charigeston, Mass.: Harvard Business School
Press.

Cohen, W.M. and D.A. Levinthal. 1990. Absorptivep@eity: A New Perspective on
Learning and Innovation, Administrative Science Qerdy, 35:128-152.

Crutchfield, J.P. 2003. When Evolution is Revolntith Crutchfield, J.P and P. Schuster
(eds.). Evolutionary Dynamics. Exploring the Intagpof Selection, Accident, Neutrality and
Function. Santa Fe Institute in the Sciences of @erity, Oxford University Press Inc. N.Y.

Davila, T., M.J. Epstein and Shelton, R. 2006. Mgkinnovation Work. How to Manage It,
Measure It, and Profit from It. Upper Saddle River].: Wharton School Pub.

Davis, B., de Janvry, A., Sadoulet, E. and T. DRO0O0: Policy Reforms and Poverty in the
Mexican Ejido Sector. In: Loyns, R.M.A., Knutson[R Meilke, K. and A. Yunez-Naude
(eds.). Policy Harmonization and Adjustment in Marth American Agricultural and Food
Industry. Proceedings of the Fifth Agricultural a@falod Policy Systems Information
Workshop.

Ekboir, J.M. 2002. Developing No-Till Packages &mall-Scale Farmers, in Ekboir, J. (ed.)
World Wheat Overview and Outlook, Mexico, D.F.: QWI'T.

Ekboir, J.M. 2003. Why Impact Analysis Should Na& Bsed for Research Evaluation and
What the Alternatives Are, Agricultural Systems(2)8L66-184.

Ekboir, J.M., G. Dutrénit, G. Martinez V. A. Torrgargas and A. Vera-Cruz. 2009.
Successful Organizational Learning in the ManagdrokAgricultural Research and
Innovation: The Mexican Produce Foundations. IFRRearch report, forthcoming.

Evenson, R.E., and D. Gollin (Eds.). 2001. Crop &ierimprovement and Agricultural
Development. Wallingford: CABI.

Fagerberg, J. 2005. Innovation: A Guide to therkitere. In Fagerberg, J., D.C. Mowery and
R.R. Nelson (eds.), The Oxford Handbook of InnavatiOxford; New York: Oxford
University Press.

Gabre-Madhin, E.Z. and S. Haggblade, S. 2004. Sgesan African Agriculture: Results of
an Expert Survey. World Development, 32(5):745-766.

Gibbons, M., C. Limoges, H. Nowotny, S. SchwartzpfanScott and M. Trow. 1994. The
New Production of Knowledge. The Dynamics of Sceeand Research in Contemporary
Societies. London: Sage.

Gunderson, L.H. and C.S. Holling (eds.). 2002. Rana Understanding Transformations in
Human and Natural Systems. Washington, D.C.: IsRueds

Hellin, J., M. Lundy and M. Meijer. 2009. Farmerganization, Collective Action and
Market Access in Meso-America. Food Policy 34:16-22

Holling, C.S., L.H. Gunderson and L.H. Ludwig. 2002 Quest of a Theory of Adaptive
Change. In Gunderson, L.H. and C.S. Holling (ed®ajarchy. Understanding
Transformations in Human and Natural Systems. Wiagbin, D.C.: Island Press

IFAD. 2008. Sending money home: Worldwide remiti&afiows to developing countries.
http://www.ifad.org/events/remittances/maps/indar.n_ast accessed on February 25, 2008.

ISNAR. 2002. Fourth External Program and ManagerRewiew of the International Service
For National Agricultural Research. Summary anddRemendations.



20

http://www.worldbank.org/html/cgiar/publicationsfag002/isnarepmrdocs.pdf. Last
accessed on 19/6/2008.

Kassam, A.H. 2006. Agricultural Institutions andcBptivity to Social Research: The Case of
the CGIAR. In Cernea M. and A. Kassam (eds.), Reb&ag the Culture in Agriculture,
U.K.:Oxon. CABI.

Kramer, S. 2006. Science and Technology PolichénUnited States. New Brunswick, N.J.:
Rutgers University Press.

Lepori, B., P. van den Besselaar, M. Dinges, Bi,FotReale, S. Slipersaeter, J. Théves and
B. van der Meulen. 2007. Comparing the EvolutiomNafional Research Policies: What
Patterns of Change? Science and Public Policy,)318-388.

Lépez-Cérdova, E. and A. Olmedo. 2006. Internatiétemittances and Development:
Existing Evidence, Policies and RecommendatiohSL AL occasional papers 41.
Washington, D.C.: INTAL.

MacLeod, W.B. 2007. Reputations, Relationships @adtract Enforcement, Journal of
Economic Literature XLV(3):595-628.

Ozgediz, S. and G. MacNeil. 2006. Annex 1b. A Higtof ISNAR.
http://www.cgiar.org/changemanagement/pdf/wg3_ISNARse%20_Study 2006.pdf. Last
accessed 23/1/2009.

Plucknett, D.L., N.J.H. Smith and S.Ozgediz. 19@€rnational Agricultural Research. A
Database of Networks. Study Paper 26, Rome, IGBIAR.

Powell, W.W. and S. Grodal. 2005. Networks of waors. In Fagerberg, J., D.C. Mowery
and R.R. Nelson (eds.), The Oxford Handbook of Wation. Oxford; New York: Oxford
University Press.

Quantas, P. 2002. Implications of the Division ofdfvledge for Innovation in Networks. In
De la Mothe, J. and A.N. Link (eds.), Networks,i&tices and Partnerships in the Innovation
Process, Kluwer Academic Publishers, Massachusetts.

Reardon, T. 2005. Retail Companies as Integrafovalme Chains in Developing Countries:
Diffusion, Procurement System Change, and TradeDawelopment Effects, Germany:
GTZ.

Rodrik, D. 2006. Goodbye Washington Consensus oH#kshington Confusion? A Review
of the World Bank’s Economic Growth in the 1990sakning from a Decade of Reform.
Journal of Economic Literature XLIV(4):973-987.

Ruben, R. and J. Pender. 2004. Rural DiversityHetgrogeneity in Less-Favoured Areas:
The Quest for Policy Targeting. Food Policy, 29-328.

Science Council and CGIAR Secretariat. 2004. Syishef Lessons Learned from Initial
Implementation of the CGIAR Pilot Challenge ProgsafRome: Science Council.

Science Council Secretariat. 2006. Implementatiche® CGIAR Performance Measurement
System in 2005: Moving forward.
http://www.sciencecouncil.cgiar.org/fileadmin/usgpload/sciencecouncil/Performance_Mea
surement/PM_2005_moving_forward_Oct31.pdf. Laseased 23/1/2009.

Science Council and CGIAR Secretariat. 2007. Less@arnt from Selection and
Implementation of the CGIAR Challenge Programs. RoStience Council.

Science Council Secretariat. 2007. Stripe Revie®atfial Science in the CGIAR System
Scoping Paper.



21

http://www.sciencecouncil.cgiar.org/fileadmin/us@pload/sciencecouncil/Systemwide _and__
Ecoregional Programs/Stripe Review_scoping_paper ZR07.pdf. Last accessed
23/1/2009

Smit, M. 2007. We're Too Much in ‘To Do’ Mode: Acti Research into Supporting
International NGOs to Learn. Praxis paper No.1@hBidands: INTRAC and PSO.

Spielman, D.J., Davis, K, J.M. Ekboir and C.M.Oh@ng. 2008. An innovation systems
perspective on strengthening agricultural educadiwh training in sub-Saharan Africa.
Agricultural Systems, 98(1):1-9.

Spitzer, D.R. 2007. Transforming Performance Mearment. Rethinking the Way We
Measure and Drive Organizational Success. N.Y.: ANDM.

Staatz, J.M. and C.K.Eicher. 1998. Agricultural Bieypment Ideas in Historical Perspective.
In Eicher, C.K. and J.M. Staatz (eds.) Internatidxgricultural Development. 3rd edition.
Baltimore, MD: The Johns Hopkins University Press.

Sykuta, M. and J. Parcell. 2003. Contract Struc&une Design in Identity-Preserved Soybean
Production, Review of Agricultural Economics, 25832-351.

Taylor, J.E., G.A. Dyer and A. Yunez-Naude. 200&aggregated Rural Economywide
Models for Policy Analysis. World Development, 3GJ1.671-1688.

The Change Steering Team. 2008. A Revitalized CGIARNew Way Forward: The
integrated Reform Proposal. http://www.cgiar.ord@/@gm08/agm08_reform_proposal.pdf.
Last accessed 22/1/2009.

Vargas-Lundius, R. 2004. Remittances and Rural Deweent. IFAD discussion paper
prepared for Twenty-Seventh Session of IFAD’s Goireg Council Rome, 18-19 February
2004.

Watts. D.J. 1999. Small World. The Dynamics of Nateg between Order and Randomness,
Princeton Studies in Complexity, Oxford; Princet®ninceton University Press.

World Bank. 2005. Pro-Poor Growth in the 1990s.soes and Insights from 14 Countries.
Washington, D.C.: World Bank.

World Bank. 2006. Enhancing Agricultural Innovatidfow to Go Beyond the Strengthening
of Research Systems. Washington, DC: World Bank.

World Bank. 2007. World Development Report 2008riédgjture for Development.
Washington, DC: World Bank.




